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The first line of medical defense in wartime is the combat medic.
Although in ancient times medics carried the caduceus into battle to
signify the neutral, humanitarian nature of their tasks, they have
never been immune to the perils of war. They have made the
highest sacrifices to save the lives of others, and their dedication to
the wounded soldier is the foundation of military medical care.
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The MI Abrams tank shown above is surrounded by five of the many, oft-times forgotten, industrial operations
that support this wzapon system and the soldiers who operate it. Represented clockwise from the lower left
comer are (1) heavy metal-parts machining, (2) explosives fabrication, (3) vehicle-components painting, (4)
electronics fabrication, and (5) ammunition inspection.
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Foreword

Army occupational health came into being during World War I to protect
our soldiers and civilian workers against the adverse effects of warfare
chemicals that were being produced, stored, transported, and used on the
battlefield. During World War II, army occupational health services became
even more critical. These assets were absolutely essential for victory. Our
civilian workforce had to perform consistently at maximum efficiency for our
industrial base to keep pace with our advancing armies. Absenteeism as a
result of workplace exposures was intolerable. Additionally, soldier health
and performance could not be degraded by potentially harmful stressors like
toxic gases in tanks.

More recently, during Operation Deseit Storm in 1991, our troops used
extremely technical vehicles and equipment and they performed in an out-
standing fashion. The army occupational health team played a major role in
that victory. During the decade of the 1980s they had worked diligently to
improve the soldier-machine interface and to identify, eliminate, or control
the stressors that might injure our troops or detract from their ability to fight
and survive on the battlefield.

As we move into the 21st century, we must emphasize thte ý,ractice of
occupational medicine for all healthcare providers in the U.S. Army Medical
Department. The army of the future, where soldiers will be required to use
highly sophisticated and extremely powerful machines properly while also
tolerating the stresses of battle, requires that occupaticial medicine be a core
component of military medicine. As the numbers of soldiers and civilians are
reduced, we must make every effort to ensure that rcadiness is not compro-
mised because workplace exposures are adversely affecting our people. Ev-
eryone in the Army Medical Department must be alert to the possibility that
an illness or injury may be job related, and if it is, take steps to ensure that the
harmful exposure is controlled.

This volume will be extremely useful to our active, reserve, national guard,
and civilian components, and to contractors, both as an instructional text and
as a reference. Every person in the Aimy Medical Department should know
about this volumne so that it may beused to support ourmost valuable resource,
our people.

Lieutenant General Alcide M. LaNoue
The Surgeon General

U.S. Army

September 1993
Washington, D.C.
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Preface
A decade ago, as Commander of the Army's Training and Doctrine Com-

mand (TRADOC), General Carl Vuono tasked his command to ensure that no
United States Army soldier would lose life or limb because of improper or
insufficient training. Indeed, during that decade, the army experienced a
revitalized and concentrated emphasis on training in all TRADOC schools.
Our so!diers became the most highly skilled and trained warriors in the world.
However, despite the dramatic increase in the soldier's familiarity with the
proper use and capabilities of his equipment, the soldier's workplace and
environment present significant threats that still exist and endanger each one
of our servicemen and -women.

For the soldier. sailor, marine, and airman, the workplace mnay be a tank, a
submarine, a missile silo, or a garrison motor pool. In the more traditional
industrial setting, like the motor pool, the principles and practice of occupa-
tional medicine are the same for both civilian workers and soldiers. As our
civilian and uniformed workers come into contact with more sophisticated
military machines and complex hazards, military occupational specialists face
a critical challenge. We must ensure that our soldiers do not suffer serious
adverse effects as a result of military service and that they are afforded the
opportunity to perfornat maximum efficiency. This means thatevery medical
practitioner seeing our employees as patients must be able to recognize and
know how to deal with the health hazards of both the installation industrial
setting and the hazards of the militarily unique setting.

This is the first textbook totally dedicated to the practice of occupational
medicine within the U.S. Army. Many of these unfortunate incidents occur
because the typical medIcal practitioner is rnot sufficiently aware of the
potential hazard, or the preventive measures that can be taken to avoid the
hazard, to inform decision makers, leaders, supervisors, and the soldiers
themselves about the potential illnesses and injuries that may occur and about
ihe means to prevent these illnesses and injuries.

It is my hope that you will find this volume of the Textbook of Military
hMedicine series useful and that it will contribute to the reduction of injuries due
to occupational health hazards. This volume became a reality due to the
commitment and hard work of Colonel Joel C. Gaydosand Lieutenant Colonel
David P. Deeter. Additionally, the editors gratefully acknowledge the assis-
tance in the preparation of this volume of Ms. Barbara Weyandt and Dr.
Melissa McDiarmid.

Brigadier General Russ Zajtchuk
U.S. Army

September 1993
Washington, D.C.
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The current medical system to support the US. Army at war is a
continuum from the forward line of troops through the continental
United States; it serves as a primary source of trained replacements
during the early stages of a majorconflicL The system is designed to
optimize the return to duty of the maximum number of trained
combat soldiers at the lowest possible level. Far-forward stabiliza-
tion helps to maintain the physiology of injured soldiers who are
unlikely to return to duty and allows for their rapid evacuation from
the battlefield without needless sacrifice of life or functi, a.
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Chapter 1

OCCUPATIONAL HEALTH IN THE
U.S. ARMY, 1775-1990

JOEL C. GAYDOS, M.D., M.P.H.'

INTRODUCTION

THE CIVIUAN WORKER IN WORLD WAR I
Gas Production and Gas Protection Plants
Munitions Industries

THE CIVILIAN WORKER IN WORLD WAR II
The Army's Responsibility for Employee Health
Expanding the Industrial Medical Program
Organizational Advances in Providing Occupational Health Services

THE OCCUPATIONAL SAFETY AND HEALTH ACT AND
THE U.S. ARMY

Occupational Health Programs at Army Installations
The Occupational Health Management Information System
Overseas Programs

THE INDUSTRIAL SOLDIER

MILITARILY UNIQUE EXPOSURES
The Early Years
World War I
Between the Wars
Special Laboratories During World War II
Weapons Modernization in the 1960s

CHEMICAL WARFARE
Demilitarization
Production of Binary Chemical Weapons
Contemporary Threats
Medical Education
Ethics

ENVIRONMENTAL HEALTH
Mission and Organization
Environmental Program Initiatives

SUMMARY

"Colond. U.S. Army,; .•sxate Professor and L.rector. GmeeralePntrv Mrdicine Residmcy Program. Dqvrtmen! of Prewnaz'n Medkine &
Bkmrericso F. Ediard HWrt &chol of Med&kineo UnifrmW Ser-es Unhyrsily of the HealtA Scinces. & Meryta d 20814.4799
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Occupational Health: Thie Soldier and the Indusirial Base

INTRODUCTION

Occupationalhealthappliesthedisciplinesofmedi- Hamilton, M.D. (1869-1970), the pioneer who estab-
cine, biology, epidemiology, engineering, economics, lished occupational health as a specialty in medicine,
education, politics, and the law to protect workers described early 20th-century conditions (Figure 1-1):
from hazards in the workplace.' The army's occupa-
tional health effort, the US. Army Occupational Health American medical authorities had never taken indus-
Program, has a set of defined goals and objectives and trial diseases seriously, the American Medical Asso-
is accompanied by a plan and the resources necessary ciation has never held a meeting on the subject, and
to achieve success. while European journals were full of articles on in-

Diseases and the injuries associated with produc- dustrial poisoning, the number published in Ameri-can medical journals up to 1910 could be counted on
tive labor accompany human history. Pliny the Elder one's fingers.

(At 23-70), a Roman scholar, recommended that work-

ers wear masks to prevent inhaling dust and fumes. Forasurgeonor physiciantoaccepta positionwitha

Georgius Agricola (1494-1553), a German physician, manufacturing company was to earn the contempt of

wrote a classic volume describing the diseases and his colleagues as a 'contract doctor"; as for factorywroe aclasicvolme escibig te dseaes nd inspertion and control, we neverdiscovered atraceof

accidents that befall miners and ways to prevent those it.
diseases. The fatherof occupational medicine, Bernar-
dino Ramazzini (1633-1714), studied and practiced in This ignorance and indifference was not confined toItaly. His treatise on working conditions and occupa- the medical profession--employers and workers both

dtaly.Hiseae i ea ses onworkingcofnmiitarys serv- shared it. The employers could, if they wished, shut
tional diseases included diseases of military service their eyes to the dangers their workmen faced, for
(De Morbis Castrensibus) and cautions, or preventive nobody held them responsible, while the workers
measures. Ramazziniiscredited with formulating the accepted the risks with fatalistic submissiveness as
question thatmustbeasked abouteverypatient "What part of the price one must pay for being poor.Y"O"
occupation does he follow?"2"

The long-standing interest in Europe in workers' The development of the U.S Army Occupational
health had no parallel in the United States, Massachu- Health Program and the civilian occupational health
setts created this country's first factory-inspection of- movement were closely related. Military program
fice in 1867, and the Knights of Labor, a labor group efforts were directed primarily at (a) the army's civil-
formed laterduring the 19thcentury, fought forhealth ian worker in the industrial setting, (b) the soldier in
and safety measures in mining and other industries. theindustrialsettingand (c) thesoldierwithmilitarily
Noteworthy achievements, however, were few.25 Alice unique exposures.

THE CIVILIAN WORKER IN WORLD WAR I

US. Army Medical Deparment (AMEDD) involve- Gas Production and Gas Protection Plants
ment with civilian-employee health programs began
during World War I because poisonous military Gas-defense equipment was procured under con-
chemicals werebeingproduced and used on the battle- tract, but the US. Army's Office of The Surgeon Gen-
field.7'5 After the German army launched an effective eral (OTSG) had to build and supervise its own plant
chlorinegasattackagainst French and Canadian troops to manufacture items that were not available comrner-
in 1915, army medical officers were assigned to the cially. Todevelopand testproceduresforgasdefense,
British and French armies as gas warfare observers and some AMEDD personnel participated in experiments
reported theirobservationsongasdeense. Asa resultof and training exercises thatdealt with the use of poison-
the army's concern about gas defense, and possibly ous gases in warfare. The OTSG quickly became
related to the observers' reports, AMEDD was as- convinced that all soldiers and civilian workers who
signed the mission to furnish gas masks and other might be exposed to poisonous gas in any setting,
gas-defense equipment to the army. Later, this mis- including gas factories, must be provided protecton
sion was transferred to the Chemicai Warfare Service!" and medical care. Lacking expertise in providing

2



Occupational Health in Ilite U.S. Anny, 1775-1990

Fig. 1-1. Dr. Aiice Hamilton was so imp-ressed by the morbidity and mortality associated with occupational ex~posures that
shedevoted herp-ofessional life !othe practiceof occupational niedidne. Thisuccurred ata time when American physicians
knew nothing about this field or showed little inteest in it. Dr. Hamilton was also a pioneer in other respects. After she
received her M.D. degree in 1893 from the Univerity of Michigan, she studied in Europe and at The Johns Hopkins
University in Maryland; taught pathology at the Woman's Medical School, Northwestern University. in Chicago; and in 1919
became the first woman faculty member at Harvard University. Photograph: Reprinted from United States Public Health
Service. Man, Medicine, and Work. Washington, DC: USPHS; 1964. Publication 1044.
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Occupational iealth: tie Soldier and the industrial Base

protection against war gases, the OTSG obtained as- The first beehive coke ovens in the United States
sistance from the U.S. Bureau of Mines(Department of were built in southwestern Pennsylvania in 1841 to
thelnterior),severalmajoruniversities, and theMarine produce coke from coal for iron and steel production
Biological Laboratory at Woods Hole, Massachusetts. (Figure 1-2).'2 During the early years of World War I,
A collaborative program with the Bureau of Mines for American industries, especially those dealing with
supervising the sanitary supermision (health and safety coke by-products, had to reconfigure to produce dyes,
evaluations) of government- and contractor-operated aniline (needed to make dyes and rubber), and nitric
gas factories resulted from this effort."'" acid (needed to make munitions). Dr. Hamilton, work-

ing for the Department of Labor, conducted inspec-
Munitions Industries tions of these factories.6 Sometimes canaries (workers

stained yellow with picric acid) led her to the plants; at
Because American manufacturers had previously other times she located the industrial sites

relied heavily on the German chemical industry, they
lacked experience in producing (and protecting their by the great clouds of yellov and orange fumes,

workersagainst) notonly cl.emical warfare agents but nitrousgases, which in tho,;edaysofcrudeprocedure

also many of the other chemicals needed for wartime rose to the sky from picric-acid and nitrocellulose
plants. It was like the pillar of cloud by day that

use. Additionally, even though American manufac- guided the children of Israel.""'"'
turers were concerned about preventing explosions in
their plants, they had no interest in the toxicity of Both Dr. Hamilton and army sources document
industrial chemicals, particularly unfamiliar ones like occupational exposures in the munitions industry as
picric acid and trinitrotoluene (TNT). causes of morbidity and mortality.6' 3 In a 1917 report,

Fig. 1-2. The first beehiveovensin the Uniled States were built in southwestern Pennsylvania in 1841 to produce coke from
coal for iron and steel production. Near the turn of the century., spurred by the lo.s of products from the German chemical
industry during World War I, American industrialists began to seek better ways to make coke and to capture the chemicals
n-ecssary for manufacturing explosives and other synthetic materials. However, the severe air pollution associated with
beehive coke ovens continued into the second haif of the 20th century. Source: Hamilton A. Exploring the Dangerous Trades,
the Autoliography of Alice Hamilton, M.D. Boston: Litle, Brown and Co; 1943. Photograph- Reprinted with permission from
Gates JK. The Beehive Coke Years: A Pictorial History of Those Times. Uniontown, Pa: John K. Gates; 1990.

4



Occupational Health in the U.S. Army, 1775-1990

Dr. Hamilton identified 2,432 instances of occupa- personal cleanliness, including showers at the work-
tional poisoning. Oxides of nitrogen accounted for site and washable work clothing, to reduce the poten-
1,389 cases, and 28 of 53 deaths. TNT exposure was tial for skin contact and accidental ingestion. Unfortu-
considered to be the cause of 660 illnesses and 13 nately, American manufacturers did not. Furthermore,
deaths.' Similarly,army sources reported a total of 475 a wealth of clinical information concerning TNT poi-
fatalities-all ornearlyallcivilians, presumably dueto soning had been accumulated in England, but Ameri-
occupational diseases-from exposure to TNT and can physicians did not know what to look for, were
related compounds during World War I.13 According indifferent, or were secretive.'
to the chief of ordnance, factories in the United States, Dr. Hamilton's attacks on the explosives industry
which produced 40% of the military explosives used resufted in(a)theNationalResearchCouncil's(NRC's)
by thealliesduring World War1, reported a ratioof 230 appointing an expert committee to act as a consulta-
fatalities (presumably due to occupational diseases) tive body and (b) her working to establish a code to
per billion pounds of explosives manufactured."3  protect TNT workers. Eventually, the expert commit-

Dr. Hamilton considered poisoning from oxides of tee made it possible for medical students to visit TNT
nitrogen to be an engineering problem, which the plants to study exposures and poisonings. In April
manufacturers addressed effectively over time, but 1919, 5 months after the armistice, a code was pub-
preventingTNTpoisoningwasmoredifficultbecause lished. However, not only was it weaker than the
this hazard either was not recognized or simply was English code, it was also voluntary.'
nEglected. In England, medical scientists determined Although Dr. Hamilton wasa pacifist,sheacknowl-
thatTNTwasabsorbed through theskinand manufac- edged that occupational health in America advanced
turers addressed the need for plant cleanliness and as a result of World War I:

Fig. 1-3. This April 1942 photograph from the US. Army Ordnance Department shows workers measuring smokeless
powder, which contains a nitrate or nitroglycerin compound, and pouring the powder into bags, which will later be used
to propel projectiles from guns or cannons. Although the dangers of skin absorption in the munitions industry and theneed
for washable work clothing were recognized in the World War I era, these early-World War 11 workers labored in street
clothes without any evidence of concern about skin contact with the powder. Source: Hamilton A. Exploring the Dangerous
Trades, the Autobiography of Alice Hamilton, M.D. Boston: Little, Brown and Co; 1943. Photograph: US. Army Ordnance
Department, 1942.
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Occupational Health: The Soldier and the Industrial Base

The war did have a beneficial influence on industrial various methods of preventing danger from the old
hygiene. If it increased the dangers in American ones. Industrial medicine had at last become
industry, it also aroused the interest of physicians in respectable."P'"'
industeral poisons. And that interest has never died
down, on the contrary it has increased with the in- When World War I ended, the medical division of
creasing complexity of methods of manufacture. A the Chemical Warfare Service continued to do toxico-
change took place also in the attitude of employ- logical research and to develop treatments for chemi-
ers, for a large labor turnover was found to be not
only wasteful but an unsatisfactory method of deal- cal casualties." However, the army's interest in the
ing with dangerous processes in industry. The health of its civilian employees all but disappeared
Public Health Service had entered this field dur- (Figure 1-3), and when war recurred, the army would
ing the war and the medical journals had published again turn to the civilian community to meet its
articles discussing the action of the new poisons and occupational health requirements.s'"'-

THE CIVILIAN WORKER IN WORLD WAR II

During the 1930s, first aid was the only occupa- Corps, also were expanding and had similar needs.
tional health service available to civilian employees of (The identification and definition of these occupa-
government-owned industrial plants. Part-time con- tional health needs were accomplished, at least in
tract surgeons, nurses, and enlisted personnel pro- part, through site visits and inspections in which the
vided this care whenever the War Department (which US. Public Health Service [USPHS] played a major
would laterbecome the Department of the Army IDAI) role.) In September 1941, the army surgeon general
recognized that a need existed. This changed on 10 requested authority to establish an armywide indus-
August 1938, when the chief of ordnance requested trialmedicalprogram. Theadjutantgeneral responded
that additional medical services be made available to injanuary 1942by directingAMEDDtoprovideemer-
employees of the army who were engaged in poten- gency treatment for military and civilian workers and
tially hazardous jobs-particularly those handling to supervise industrial hygiene practices, but only in
TNT. He recognized that the army had a legal respon- army-operated industrial plants (Figure 1-4). Provi-
sibility toprovidediagnosticand preventivermeasures sions were made for space, equipment, money, and
for occupational illnesses. The surgeon general knew personnel to support the effort."3

of no requirement for AMEDD to furnish these ser- The participants in an industrial medical confer-
vices, but recommended that the matter be referred to ence in August 1942 estimated that the army owned
higher authority. As a result, the adjutant general and operated more than 160 industrial plants that
arranged for additional pay for contract surgeons to employedapproximately400,OOOcivilians. Thearmy's
perform periodic physical examinations on civilian stated responsibility to this work force was to deter-
employees with potentially hazardous exposures. 3 It mine that (a) employees are physically fit for their
is interesting to note that it was the chief of ordnance, work, (b) the conditions under which employees work
and not AMEDD, who led the effort toinitiate prevent- are safe and sanitary, (c) adequate industrial medical
ive medical services for the army'scivilianemployees. service is provided, and (d) injuries that occur to em-

ployees while they are on duty are reported to the U.S.
The Army's Responsibility for Employee Health FmpioyeesCo npensationCommisskwhen indicated.1"

Between 1939 and 1940, the Ordnance Department Expanding the Industrial Medical Program
expanded its activities and continued toplace pressure
on thesurgeongeneral toconfront occupational health The surgeon general was under constant pressure
issues. The questions: Who should receive occupa- to expand the industrial medical program to encom-
tional health services?; How should the services be pass all War Department employees, not just those at
implemented?; and How should the needed profes- industrial installations. He resisted due to a lack of
sional expertise be obtained? were discussed repeat- funds and trained personnel. In December 1942, he
edly. On 18 November 1940, the surgeon general established a medicai program for the approximately
assumed responsibility for the medical care of civilian 40,000civilianemployees-whosedutieswereprimar-
employees, but only for those who worked at Ord- ily clerical-at the Pentagon. (This reduced the ab-
nanceDepartmentarsenals. However, herealized that sences from work that occurred when employees
other technical services, like the Quartermaster needed to visit their personal physicians.) Eventually,
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Cig. 14. This photograph of an IS-year-old w~oman operatingfalathe, w~ith a tLaptltln stating that the 'cliips are fl~ :ng, %%as
pi suidh released bthe L.S. Arms Ordnanc,.'Department in Ma% 1942 as an eimpleof a %womantoperating a machine that
hau Vre' iotish been operated ba ma-n The photograph itself, its original taption, and the fact that the% %%ere released
demil nstratetnat retognition of the needi fir induistrial h~giene contr~l~susth ase'. pro~tec~tion i..is lai. king. In J.anuar% i942,
the ad jutant general diret ted the Arm% Medikal Departmenvrt tAMED!)) to supc-rise industrial h~giene pradt!ues in xrm% -
oiperaited Lindustrial plaints.Son~re. Andersotn RS,ett.Spet-ral fields. In. l'rccciidw,; Alt tnt ti W4,rLIIA WItl. Vol 9. Washmgton.
DC: DA Office oif The Surgeon General; 1961:. Photograph: US Army Signial Corps, 1942.

in Junte 1945, emergency medical treatment seri ices that the job assignnwnit not endanger the emnplnee's
were expandtxi and made available to all civilian health, and G ) ensure~d that job seniorityvould not be
employeles of all U.S. Army Service Forces installa- lost as a re-sult of pregnancy.'1

tions. (This was one of the three major commands; the
other two wewi. the U.S. Army Air Force and the U.S. Special Considerations for Infectious Diseases
Army Ground Forces, and included corps areas and
technical supply eris. In iddition te. medical servicces involving women,

infectious distases- were also given special consider-
Special Considerations for Pregnancy ation. Tube~rculosis and venereal diseases in civilian

employves were matters oif conce.rn. At no cost to thle
By 1944, women constituted 40"t to 70"t of the army, the USP IS conducted tuberculosissurvevsand

emplovees in mail% army industrial plants. The nuni- caseýfindingamo~ngwo-rkersotfar-m% -owned and'arm%
ber of Women in th'e work foice had not only increased operated industrial plants.
during the war y'ears but their job assignment, also Workers exposed to TNT or other chemicals that

inddedmos tyes f wrk.Women were soon gi~ en might cause systemiL illnesses received routine sero-
speial consideration for medical services-. In July logital tests. however, these wei required only for
11444, a War Department policy statement oin preg- employsees '.%ho had been hired for jobs that might
nancy was issued and was considered to bec the fir.st of leoipardi/.e their health if tile%- had, or were being
its kind in American industry. This policy. i% hich treated for, syphilis." (Because syphilis, wavt, treated
comnina~ndLersctonsidert. a~ niajorad'.an~e in emplkwee with arsenicals that could iniure multiple organs, thle
relations, (a) limited the work period relati% v to weeks concern .%as that the patiL rit would sustain multiple
oif pregnancy and the postparium period, (b') reqjuired toxicitie.s.)
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Special Considerations for Occupational Health program of inspection and control should be
Overseas inaugurated.

* Records should be standardized and should
Interest in and debate regarding American and include physical examinations, morbidity re-

foreign-na-tional civilians working for the U.S. Army ports, and reports of absenteeism.
overseas centered on the army's need to do pre- & Records of mortality and absenteeism should
employment and preassignment medical screening be compiled and compared for all plants.
and the rights of these employees to receive emer- , Surveys and inspections should be conducted,
gency medical care and compensation for job-related not only to determine performance and corn-
injuries and illnesses. There was particular concern pliance but tIso to educate civilian and mili-
about hiring large numbers of foreign nationals with- tary plant medical officers, plant officials, and
out evaluating their health status, especially if they workers.
might have communicable diseases. Although over- * Health-education programs for employees
seas civilian-employee medical programs received should be encouraged."3

considerable discussion, better programs should and
could havebeen established. The Occupational Health Although his plan eventually succeeded, Dr. Lanza
Division of the OTSG, in evaluating the World War II- faced inadequate resources including a shortage of
overseas programs, recommended that doctors and the lack of a policy regarding the practice

the basic p~an for future operations in foreign areas of occupational health in the army. As its number ofought to include morte competent meains of medical industrialemployeesrapidlyiincreased, thearmycom-
anou engineering control of industrial operations missioned physicians with experience in industrial

wherever troops are so engaged and civilian employ- medicine in private life. However, establishing an
ees assist them.""'W' occupational medicine training program for regular

AMEDD officers was considered too time consuming.
Ironically, however, the first U.S. Army Occupational Those available physicians who had training in gen-
Medicine Consultant in Europe (discussed later in this eral public health were given duty as industrial medi-
chapter) was not assigned until 1983. cal officers, but a shortage of physicians still necessi-

tated that contract surgeons be used.'3 Because trained
Organizati-nal Advances in Providing physicians were few and policy was undeveloped,
Occupational Health Services numerous questions were directed to the Occupa-

tional Health Division, U.S. Army Surgeon General's
The army made significant advances in occupa- Office. At times, these inquiries showed that some

tional health in several other areas during World War army industrial medical officers simply were not fa-
II: (a) occupational health representation in the OTSG miliar withthestandard practiceof occupational medi-
was firmly established, (b) the U.S. Army Environ- cine. In other instances, where the physicians were
mental Hygiene Agency (USAEHA) was founded, adequately trained and competent, the questions
and (c) progress was made in the effort to protect the indicated their difficulty in dealing with the army
health of workers in munitions and other wartime system. Dr. Lanza realized that both a carefully devel-
industries. oped occupational health directive and the guidance

necessary to implement the directive were needed. He
Representation in the U.S.Army Suweon General's Ofte knew that a document from the OTSG could possibly

be more harmful than helpful. Policy that is not
Recognition that occupational health needed to be developed on the basis of current, accurate data may

represented in theOTSG resulted in the 1941 establish- create unnecessary work, not achieve needed goals, or
ment of the Industrial Hygiene Section of the Preven- result in misclassification of priorities. Therefore, staff
tive Medicine Division. In 1942. a separate Occupa- visits to installations became important vehicles for
tional Health Division was formed and headed by acquiring data upon which to base pohiy, establish
Lieutenant Colonel Anthony J. Lanza, who developed priorities, and market the army's Occupational Health
a 15-point plan for implementing the army's Occupa- Program.
tional Health Program. Many of his original points By February 1943, sufficient data and experience
remain appropriate today: had been accumulated to warrant issuing War Depart-

ment Circular Number 59, Industrial Medical Program
* Worksites with potentially hazardous expo- of the United States Army. This document established

sures should be evaluated, and a continuing that industrial medical services would be provided to
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all employees at installations that were predominant- cally to carry out the army's Occupational Health
ly industrial in nature, regardless of whether or not Program.
the job exposures were hazardous. Specifically, the The laboratory's activities included both periodic
circular stated: and special surveys and special investigations; these

industrial hygiene surveys were conducted at 98 in-
As an employer, the Army is obligated to furnish safe stallations. The laboratory developed new methods of
and hygienic working conditions and to maintain an industrial hygiene sample collection and analysis (eg,
adequate industrial medical service. The Surgeon the charcoal-tube method, which is used in many
General will make all necessary provisions for the chemical analyses). Special studies investigated the
supervision of industrial hygiene and for the emer- combustion products of solid fuels, the lead hazard
gency treatment of military personnel and civilian associated with field stoves and lanterns, and theemployees at Army-operated industrial plants."~'P- ascatdwt iedsoe adlnens n h

fungicides used in the manufacture of various mili-

Although Circular Number 59 encompassed nu- tary materials. In conjunction with the USPHS, the

merous employees, War Department workers other laboratory also participated in numerous toxicity
than those employed in industrial facilities were ex- evaluations with extensive patch testing!""13' 8 Other
cluded. By June 1943, War Department civdians not services were provided in the areas of engineering
receiving medical services numbered approximately design, chemistry, medicine, statistics, education and
600,000. However,730,000employeeswerepro ided training, and toxicology.
medical services under War Department Cirmular The Industrial Hygiene Laboratory played an ex-
Number 59 at industrial installations that included tremely important role throughout World War II. At
depots, manufacturing plants, and repair shops of the the end of the hostilities, thearmy recognized its future
Quartermaster Corps; arsenals and depot,,.-. the Ord- value, relocated it to Edgewood Arsenal, Maryland,
nance Department; arsenals of the Chemical Warfare and renamed it the US. Army Environmental Hygiene
Service; depots and laboratories of the Signal Corps; Agency."s83,18

depots of the Corps of Engineers; and ports of embar-
kation. In June 1945, medical services were expanded Occupational Health in Munitions and Other War
to include emergency treatment for all civilians work- Industries
ing at USq. Army Service Forces installations~t3

Early in the war, ordnance plants were identified as
The U.S. Army Industrial Hygiene Laboratory needing effective accident- and occupational disease-

prevention programs. As a result, the Industrial Hy-
The U.S. Army Industrial Hygiene Laboratory was giene Branch in the Office of the Chief of Ordnance

established in October 1942 at The Johns Hopkins was established to oversee preventive-medicine ef-
University School of Hygiene and Public Health in forts in ordnance plants, regardless of who owned or
Baltimore, Maryland. Largely through the efforts of operated theplant. AnarmyphysicianandtwoUSPHS
Dr. Anna Baetjer, who played a major role in the officers staffed this branch. The USPHS conducted
laboratory,TheJohns Hopkins University fostered the periodic surveys in contractor-operated plants, and
development of the field of industrial hygiene before the U.S. Army Industrial Hygiene Laboratory con-
World War II. The laboratory's mission was to ducted the same type of surveys in government-oper-

ated plants. The USPHS also provided further assis-
conduct surveys and investigations concerning occu- tance by offering the services of the National Institutes
patioral health hazards in US. Army-owned and of Health (NIH), and the Water and Sanitation Inves-
US. Army-operated industrial plants, arsenals, and tigations Station. Specifically, the NIH conducted
depots. l'u'°" studies of explosives and gasoline additives, and the

Waterand Sanitation Investigations Station conducted
Of the twophasesofthearmy'soccupational health field studies of water pollution. The USPHS and the

effort-the supervision of workers and the control of Bureau of Mines also collaborated with the army in
the working environment--the latter was centered providing occupational health-education programs.13
largely at this laboratory."•x 8 •19  The types of plants that received assistance included

Its initial staff-five officers, one enlisted man, and (a) explosives manufacturing works, (b) miscellaneous
threecivilians-accomplished the laboratory'scdiverse chemical works (that manufactured basic chemicals
activities. The officers belonged to the first group of for explosives), (c) small-arms ammunition plants, (d)
civilian professionals, trained or experienced or both bag-loading plants (that loaded artilleryammunition),
in industrial health, and were commissioned specifi- (e) arsenals, and (P) proving grounds.

9
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One hundred one government-owned explosives Compared with data acquired during World War I,
plants compiled quarterly occupational disease the army's efforts to establish a vigorous, large-scale
reports. Ten reporting periods, extending from I occupational health program during World War II
June 1941 through 31 July 1945, encompassed an aver- were effective. During World War 1, American plants
age of more than 37 months of operation, with experienced 230 fatalities per billion pounds of explo-
an average workforce of 309,000 employees. These sives manufactured. During World War 11, however,
reports demonstrated that the greatest hazards were government-owned,contractor-operated plants (which
(a) poisoning from TNT; (b) exposure to lethal concen- produced 95% of all military explosives manufactured
trations of oxides of nitrogen (generated through in the United States) experienced only five disease-
thenitrationoforganiccompoundsinexplosivesmanu- related fatalities per billion pounds of explosives
facturing); and (c) contact derwatitis from exposure manufactured. Moreover, mortality and morbidity
to compounds like tetryl (trinitrophenyl- rates decreased as World War II progressed, despite
methylnitrosamine), a powerful sensitizer that the significantly increased production. These results
was used as a booster charge in large-caliber ammu- were attributed to
nition."

In 968,000 man-years of operations during World * a coordinated effort by several governmental
War II (a man-fear is defined as thenumberof workers agencies that provided occupational health
multiplied by the number of years each worked), 28 services;
occupational disease fatalities occurred, of which 22 * effective industrial-plant surveys that ad-
were attributed to TNT, 3 to oxides of nitrogen, 2 to dressed actual and potential problem areas;
carbon tetrachloride, and I to ethyl ether-fewer than * follow-up and enforcement of survey recom-
three fatalities per 100,000 workers per year. Occupa- mendations through operational channels;
tional illnesses that resulted in time lost from work * the availability of technical consultation and
amounted to 2.4 cases ver 1,000 man-years of produc- studies;
tion. Dermatitis caused two-thirds of these, with more * the fulfillment of research requirements; and
serious, systemic illnesses causing 0.8 cases per 1,000 * education programs for healthcare providers,
man-years of production." management, and workers."3

THE OCCUPATIONAL SAFETY AND HEALTH ACT AND THE U.S. ARMY

From the end of World War l1 until 1970, there were and (c) US. Army Regulation 385-10, The Army Safety
no significant developments in army occupational Program. These documents required that the DA
health. The Occupational Safety and Health Act
(OSHAct) of 1970 made employers responsible for * utilizeand comply with thestandards promul-
providing safe and healthful workplaces, and ensured gated under the OSHAct in all operations and
that federal and state officials developed and enforced workplaces that are not unique to the military,
meaningful workplace standards. The OSHAct re- regardless of whether the work is performed
quired record keeping and reporting procedures to by military or civilian personnel;
monitor job-related morbidity and mortality and * Apply safety and health standards promul-
strongly encouraged employers to improve old pro- gated under the OSHAct to militarily unique
grams or develop new programs to reduce, control, or equipment, systems, operations, and work-
eliminate workplace hazards and associated injuries places, in whole or in part, insofar as practi-
and illnesses.' cable; and

The original OSHAct did not include federal work- * developand publishspecialmilitarystandards
ers, civilians employed by the Department of Defense when compliance under the OSHAct is not
(DoD), or the military. Title 29, Code of Federal feasibleinmilitarilyuniquesituations,orwhen
Regulations (CFR), Parts 1910 and 1960, subsequently no applicable standard exists. 12'-
stated that each federal agency shall comply with the
standards issued under th,, OSHAct.' The DA's re- The applicability of the OSHAct to DoD and DA
sponsibilities were defined clearly in (a) Department civilians was only mildly controversial; however, the
of Defense Instruction (DoDI) Number 6055, the DoD question of its applicability in certain instances involv-
Occupational Safely and Health Program; (b) U.S. Army ing uniformed service members, particularly in train-
Regulation 40-5, Medical Services, Prevwitive Medicine, ing and research settings, generated heated contro-
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versy. If the U.S. Army Safety Office determined a able to the Occupational Health Program in fiscal year
certain situation to be militarily unique, the OSHAct 1984. Additionally, $7.5 million per year was identi-
provisiors did not apply to the soldiers involved, fled for distribution in fiscal years 1985 through 1988.
However, as specified in DoD1 6055.1 and U.S. Army Later, the annual disbursement of significant amounts
regulations, such a determination in no way relieved of money to the army's occupational health effort was
the army of its responsi~ility to its soldiers in the areas extended into the 1990s.
of occupational health and safety."' The new civilian positions allowed for stronger

The OSHAct has changed the army's official atti- occupational health programs at army installations,
tude towards occupational health over the last 20 particularly in the areas of developing and maintain-
years, reflected in its leadership's greater recognition ing workplace-hazard inventories. The money pur-
of the need for chased contract assistance, new equipment (such as

industrial hygiene sampling instruments and mobile
*effective occupational health services that occupational healthclinics),anda new,comprehensive

would reduce or eliminatp the threat that the U.S. Army Occupational Health Management Infor-
army would be cited for serious noncompli- mation System (OHMIS). These new resources were
ance; intended primarily to benefit civilian employees

"* more comprehensive occupational health ser- working in the United States and overseas, but they
vices at the installation level, particularly with also ben-!fited soldiers.242

regard to more responsibility for control of the
workplace with less reliance on the USAEHA; The Occupational Health Management
and Information System

"* effective record keeping and reporting proce-
dures, including current, accurate inventories The army developed the OHMIS specifically to
of hazards.?4  meet AMEDD requirements for data collection, man-

agement, and analysis. OHMIS is a three-module,
During the early 1980s, the army's leadership be- integrated system consisting of (a) the Hearing Eval-

came aware of questions in two areas regarding the uation Automated Registry System (HEARS), which
adequacy of the army's occupational health services, addresses audiometric testing and workplace noise
First, at DoD periodic briefings and in response to data; (b) the Health Hazard Information Management
congressional and other inquiries, it became apparent (HHIM) system, which maintains workplace-hazard
to the OTSG, the office of the Assistant Secretary of inventory data and information on control of hazards;
Defense (Manpower, Reserve Affairs, and Logistics), and (c) the Medical Information Module (MIM), which
and the office of the Assistant Secretary of the US. provides assistance in the management of clinical ser-
Army (Installations, Logistics, and Financial Manage- vices including medical surveillance. OHMIS was a
ment) that the army did not maintain current work- major step toward modernizing and standardizing
place-hazard inventories; furthermore, if applicable occupational health data collection, storage, retrieval,
standards emanating from the OSHAct, or elsewhere, and use.24.2
were being met, no documentation existed. And sec-
ond, Office of Workers Compensation Programs Overseas Programs
(OWCP) claims for DA employees were increasing
toward $100 million per year.24 These concerns The recommendation that plans for future military
prompted army leadership to take action to improve or industrial operations in foreign areas that include
compliance with the OSHAct and to reduce workers' soldiers and civilians ought also to include an occupa-
compensation claims, tional health program emanated from World War II.-'

But by 1980, still no defined, comprehensive occupa-
Occupational Health Programs at Army tional health program existed in any army overseas
Installations command. Occupational health needs overseas had

not been totally neglected, however. Both the Tenth
The offices of the Assistant Secretary of Defense Medical Laboratory in Germany and thv U.S Army

(Manpower, Reserve Affairs, and Logistics), and the Pacific Environmental Health Engineering Agency in
Assistant Secretary of the U.S. Army (Installations, the For East provided workplace evaluatinns, consul-
Logistics, and Financial Management) responded to tations, and environmental services. Additionally, the
these problems by authorizing 185 civilian occupa- USAEHA performed routine and special studies out-
tional health positionsand making $19.5 million avail- side the L'iited States.! However, a defined program
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combining medicine, nursing, and industrial hygiene, AEHA increased greatly, indicating that new posi-
with strong installation programs supported by the tions in occupational medicine could be developed
USAEHA and other laboratories, did not exist. A and staffed.` The fledgling program in Europe was
policy that addressed overseas occupational heaith allocated 40 civilian-position authorizations for fiscal
programs was also weak or absent.24 Even though the year 1984, and $2.2 million in fiscal year 1985 as its
OSHAct in itself did not apply outside the United share of the newly received occupational health re-
States, its applicability to overseas DA civilians and sources. In 1984, the first occupational health nursing
soldiers was covered in regulations and in a DoDI.2"- " consultant in Europe was airedY-.4

- Sirnilariy,buton
In 1983, the OTSG initiated overseas army occupa- a smaller scale, an occupational health program was

tional hcalth programs. The army's first occupational launched in Korea in fiscal year 1987.?o
health consultant in Europe was assigned to establish Both these overseas ventures represented new ap-
the policy and framework needed to support a proaches to providing services, since distinct occapa-
.ommandwide program.27 A major reason that estab- tional health clinics were not created. Instead, the new
lishing the position of European occupational health resources were integrated with existing health ser-
cornsultant was so long delayed was that fully trained vices, and missions were expanded to include indus-
occupational medicine physicians were in short sup- trial hygiene ard occupational me,.icine. In mo~t
ply in the army. During the early 1980s, however, the cases, the installation's preventive medicine service
numbers of highly qualified applicants to the army's and outpatient clinics absorbed the expanded mission
occupationa; medicine residency program at the US- requirements. 24

THE INDUSTRIAL SOLDIER

During the early 1980s, in an attempt to improve work associated with preventable eye injuries was
occupational health services for soldiers, AMEDD be- over 89,000 man-hours." When the survey findings
gan to sponsor one physician's assistant each year to were presented to the military command, the occupa-
obtain a master's degree in occupational health at the tional health specialists were able to demonstrate that
Upnversity of Oklahoma. In 1984, a graduate of this preventable eye injuries were detrimental to combat
program initiated a model test program for soldiers at readiness. As a result, funds were allocated not only
Fort Campbell, Kentucky."' for safety glasses but also for other itcms of personal

Many people assume that all soldiers are combat- protection,suchasrespiratory-protectivedevices. New
ants. As a result. soldiers engaged in garrison indus- procedures for procuring these items still needed tobe
trial operations, and theirneed toroccupational health established because the sources of funding and the
"services, are overlooked. The test model began by responsibility for procurement weredifferent fromthe
defining all industrial operationsat Fort Campbell that existing procedures used to purchase personal protec-
were not militarily imique. Of 769 industrial opera- tive equipment (PPE) for civilian workers.
tions-inciuding acid cleaning, battery charging, The Fort Campbell experiment stimniated other
degreasing, spray painting, and welding--soldiers studiesofoccupational morbidity in troopsand served
exclusively performed 530. as a model for army garrisons worldwide." Aspects

A survey of heaithcare provtders wasconducted inan of the Fort Campbell model that were implemented at
attempt to assess morbidity. Eye injuries wvre selected many installations included occupational health edu-
as an indicaw.r because safety glasses were noticeably cation efforts for troop medical-care providers, devel-
absentamongthetroops. Thissurveyshowed that (aan op CAt , of new data-gathering systems and forms to
es-t-imated 95 eye injuries occurred each week among supportepidemiologicalsurveilanceandstudiesand
stAdie,-s and (b) appropriate eye protection would efforts to increase command emphasis on occupa-
have-prevented48% of them. Theyearly timelost from tional safety and Lza'.lth.

MILITAt ILY UNIQUE EXPOSURES

Soldiers should not be placed at unnecepsary risk- health hazards associated with their equipment. For
in training or in combat--bvcause of either their ma- example, a soldier who fails to wear hearing-protec-
chines' shortcomings or their own ignorance of the tivedeviceson the firing rangetoday willbea deaf and
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ineffective leader on the battlefield tomorrow. The Thefirst majoruseof tanks wasby theBritish in 1917
tank commander who uses his vehicle's ventilation in France (Figure 1-5). One of the first British soldiers
system improperly while firing his weapons will put to go into battle in a tank described his experience:
his crew at risk of carbon monoxide poisoni-g.' 7-1
Thus,applying theprinciples of occupational health to Thewholecrewareat various guns, which break forth
the fighting soldier's unique environmrni t is crucial to in a devastating fire... .By this time, the fumes from
military rezdintss. the hundreds of rounds which we have fired, with the

heat from the engines and the waste petrol and oil,

The Early Years have made the air auite oppressive and uncomfort-
able to breathe in. However, those who go down to
the land in tanks are accustomed to many strange

Dr. Benjamin Rush (1745-1813), a signer of the sensations, which would make an ordinary mortal
Declaration of Independence and the surgeon general shudder.?mu
of the Middle Department, Continental Army, during
the American Revolutionary War, recorded his obser- British and French medical officers identified and
vasions on diseases in military camps and hospitals, attempted to manage threats to the health of their
including hearing loss from artillery fire! However, soldiers who used military machines during World
for the most part, military men simply accepted hear- War 1. The dangers of heat stress in armored vehicles,
ing loss, exploding cannons, and other isks of their and ofcarbonmonoxidepoisoningthatoccurred when
profession. machine guns were fired in tanks and in enclosed gun

ThisacceptancechangedduringtheCivilWar(1861- emplacements, were well known. (Accidents that
1865), with the introduction of a new generation of caused carbon monoxide casualties had occurred be-
weapons--the r-evolving gun turret, armored railroad fore, and duri.3, the war."'
artillery, and an early version of the machine gun- Carbon monoxide was produced by incomplete
that significantly threatened the health of the soldiers combustion of the propellant in the machine gun car-
who manned them•' tridges. Machinegun emplacements, which gun crews

The union repeating gun, .he early version of the had attempted tosealtoprotectthemselvesagainst the
machine gun, was mounted on artillery wheels with a enemy's poisonous gases like chlorine, were not well
largehopperontopofitssinglebarrel. Astheweapon's ventilated and were extremely dangerous; carbon
crank was turned, cartridge cases in the hopper were monoxide reached toxic levels inside.
dropp* one by one into a revolving cylinder. A firing Ventilation inside tanks was also poor, and carbon
pin struch each cartridge, which was then ejected. monoxideaccumulated whenthetanks'weaponswere
President Abraham Lincoln liked the weapon, but fired. In April 1918, a series of tests performed in
Colonel John Geary, a hero of the Mexican-American France on a Renault tank with a Hotchkiss machine
War, returned those that had been sent to him. One gun showed that soldiers could reduce the level of
reason for his rejection was the danger the weapon carbon monoxide inside by opening the tank's doors
posed to its operators. Pieces of soft metal had appar- or running its engine (Figure 1-6)." Tests and observa-
ently sheared off-when the cartridges were forced tions by the French army concluded that machine gun
againstmisaligned parts of theweapon--during firing emplacements must neverbe hermetically sealed, and
and had endangered Colonel Geary's own troops. The that soldiers must be protected with adequate ventila-
weapon's most famous casuaity was General William tion against carbon monoxide poisoning. The French
Tecumseh Sherman, who was wounded when a piece attempted to develop an effective filtering system for
of metal penetrated his leg while he watched a test- carbon monoxide, although their efforts were unsuc-
firing?' cessful.17

The tunnels that laced the trenches of World War I
World War I battlefields created extremely hazardous conditions

underground. Defensive mining operations, consist-
Several aspects of war presented unique hazards to ing of digging tunnels and planting explosives, were

soldie-s in World War I, including tanks, highly effec- initially used only when necessary to protect impor-
tive machine guns, and trench warfare. Except for its -tant trenches, salients, or sectors. Later, offensive
responsetothethreat posed by gas warfare, no evidence mining, using large quantities of explosives, resulted
exists toshow that the United States paid any attention in intensive crater warfare. Thou.sands of soldiers,
to the militarily unique occupational health needs of many of them skilled miners in civilian life, worked
its soldiers. Our European allies, however, did.'-' 17  underground daily. The use of compressor engines
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Figl-5. The first major tank battle, the Battle of Cambrai, took place on 20 November i917 in northern France. From behind
the British front, 378 ironclads (an early name for tanks) similar to the British Mark IV shown above moved toward the
Hindenburg Line The Mark IV had five 2303-caliber Lewis machine guns and armor only thick enough to protect against
small-arms fire. The inside of the tank was one large compartment in which the crew % ere exposed to combustion products
from the weapons and exhaust from the petrol engine. Sources: (1) Gaydos JC. A historical i jew of occupational health for
?he soldier. Medical Bulletin of the US Army Medical Departmef. 1988;2:4-6. PB 8-88.(2) Cooper B. The Ironclads of Cambrai.
London: Souvenir Press; 1967. Photograph: Courtesy of Celonel Joel C. Gaydos, Bethesda, Md.

and explosives inside the tunnels created oxygen- after World War I, those initiatives were made else-
deficient areas that had high concentrations of carbon where.! Fortunately, governmental agencies and pri-
monoxide, nitrogen oxides, hydrogen, and methane. vate industry recognized the value of such skills. Ci-
Gas poisonings and explosions caused large numbers vilian pregrarms in occupational medicine and
of casualties. The British army evaluated existing industrial hygiene received emphasis in graduate
mine-rescue equipment that was used in the civilian schools of public health and were able to provide the
mining industry and adop!ed an apparatuscontaining occupational health experts that AMEDD required
compressed oxygen for the rescuers and an oxygen- during World War I1.
resuscitating apparatus for treating the casualties. They
also started mine-rescue schools and published an Special Laboratories During World War I1
official manual,hMemorandum on Gas PoisningMins 7

Several laboratories played a major role in militarily
Between the Wars unique occupational exposures during World War 1i,

including (a) the Harvard Fatigue Laboratory, (b) the
Although the AMEDD made noattempt to develop Armored Medical Research Laboratory, (c) the Cli-

the field of occupational health and its related areas matic Research Laboratory (CR1, and (d) the U.S.
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0 "

Fig. 1-. The basic configuration of the modern tank first appeared in 1917 with the French Renault LT. Earlier tanks
resembled large, armored lxlxes bat the Renault had the driver m the front, a fully traversable turret containing tlh main
gun in the center, and the engine in the rear. The first Renaults were armed with either an 8-amm Hotchkiss machine gun or
a 37-amm gun (above). From the time they had first examined a wooden mockip in December 1916, French military leaders
expressed concern that the crew space was too small and that ventilation would be inadequate to prevent asphyxiation of
the crew after thegun was fired. Results from a series of testsdone in April 1918,in a Renault tank with a Hotchkiss machine
gun, showed that the level of carbon monoxide inside the crew compartment could be reduced by firing the weapon with
the unk doors opened or with the engine running. Sources: (1) Gaydos JC. A historical view of occupational health for the
soldier. Medical Bulltin of the US Army Medical DMertent. 1988;2-4-6. PB 8-88.(2) Zaloa, SJ. The Renault FT Light TanO
London: Osprey Publishing; 1968. Original drawing by Leon Conjour, USAEHA mustraion Shop.

Army Research Institute of Environmental Medicine and equipment, prin-arily for use in cold weather,
(USARIEM). nutrition; physical fitness, indudingmethodsof evalu-

ation; high-altitude problems, including anoxia, oxy-
The Harvard Fagaue Laboratory gen masks, heated suitsand physiological responseto

cold; physiological adaptation to excessive heat; and
The Harvard Fatigue Laboratory was established in blood-cbemistry derangements, particularly carbon

1927,and itsdistinguis.hd faculty, students, and gradu- monoxide poisoning-
ates had compiled an impressive research record by TheHarvard FatigueLaboratoryclosedin 1947,but
thetimetheUnitcdStatesentefeciWorldWarll. Some it left an indelible mark on the scientific commu-
staff members remained at the laboratory during the nity." Several militairy research facilities were asso-
war to do collaborative work with the military; others ciated with the Harvard Fatigue Laboratory during its
left for military service elsewhere, eitheras civilians or existencebecause staff members who entered the mili-
as officers. From June 1940 to March 1947, the labora- tary initiated collaborative efforts with their former
tory submitted 180 research reports to different US. colleagues. These facilities, which continued their
governmental agencies and to the British and Cana- efforts after tl~e laboratory dosed, included the Ar-
dian armed forces. Those reports addressed clothing oroed Medical Rese3rch Laboratory, Fort Knox, Ken-
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Fig-. I-7.Cutaway drar. ngsof the BRmish Mark IV combat tank of World War I (upper), the Bnitish M1wark ViIl (center). 'w hich
appeare-d .imnd the end of World Wart Land the Sherman M4 (lower), which was used extensiveiv during World War If.
The light areas. repre~sent the crsew compartmtents. After oniv a fev'. years' experience, designers. of the Mark Vill placed a
bu~khead betwcsen the engine and the remainder oif th. tank interior ihat, at least theoretiiallN, would reduix creu% expiosure
to engine exhaust products, petrol x apors, engine heat, and engine fires. The concept of a separate engine compartment U~as
incorporated int.) World War If tanks, but crewy expoisure to combustion prod~ucts of wveap~on-s continues e% en to the present
Original drawings by Leon Con~iur. IJ5AEHA Illustration Shop.
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tucky; the US. Army Climatic Research Laboratory * determine the limits and the capabilities of
(CRL), Lawrence, Massachusetts, and later Natick, soldiers; and
Massachusetts; the Naval Medical Research Institute, * find the proper balance between operating de-
Bethesda, Maryland; the Navy School Aeromedical mand and human capabilities, to avoid break-
Laboratory, Pensacola, Florida; and the Aeromedical down or failure of the man-weapon system.
Laboratory, Wright Field, Ohio."'4

In April 1942, the OTSG began to recruit teachers
The Armored Medical Research Laboratory and researchers from civilian sources to staff the Ar-

mored Medical Research Laboratory."Y6"* During its
As the threat of World War 11 approached and the more than 3 years of wartime service, the laboratory

role of armor in modern warfare unfolded, no U.S. staff producedapproximately130reportsdealingwith
Army organization had been assigned the responsibil- 19 different categories of problems, including tem-
ity for studying the soldier in this environment, par- perature extremes; rations; physical and mental stan-
ticularly the exposures inside tanks (Figure 1-7).' The dards for tank crewmen; protection against fire, dust,
concern that crews of armored vehicles would be noise, and blast in tanks; defense against chemical
unable to perform and endure in hot climates was so warfare agents; fatigue; and toxic gases."-'16  In one
great that achieving the technology needed for air- demonstration, general officers became the tank crew
conditioning tanks was considered to be a major inorderto experience theirritatingeffectof ammonia
breakthrough in modem warfare. The British feared produced by main gun fire in an M4 tank with all its
that the Germans had begun to produce air-condi- hatches closed (Figure 1-8).'s
tioned tanks.3 The Germans had not mastered the After World War I, the Armored Medical Research
required technology, however, and there wasno rational Laboratory was involved in reorganizations and name
basis for the British fear. changes; eventually, responsibility for many of its

Even though the initial basic tank design. exempli- research areas was transferred to USARIEM.'
fled by the British Mark IV, had changed considerably,
US. Army tank commanders and medical officers still The Climatic Research Laboratory
feared that limited ventilation in a confined space
could result in very high internal temperatures and The CRL, established in 1943 in Lawrence, Massa-
accumulation of toxic levels of weapons combustion chusetts, was a Quartermaster command with some
products. Control of the internal temperature ofa tank staffing from the OTSG. The Harvard Fatigue Labora-
and control of air contaminants through filtration or tory supplemented the facilities and staff and pro-
dilution could be expected to greatly improve the vided a senior scientist as the first director and corn-
endurance and performance of tank crews, particu- mander.3' The laboratory was designed to simulate all
larly in hot climates and under other conditions that climaticconditions towhichsoldiersmightbeexposed
required that hatches be closed. Unfortunately, space and to test clothing and equipment under those condi-
and power were so limited in tanks that our own tions. Between 1943 and 1954, the staff published 359
AMEDD officers could not convince tank developers technical reports on topics including the effects of
to install even a small fan in the Sherman tank to environmental temperature and physical activity on
improve ventilation.'s the variables related to the insulating properties of

The tank environment posed several potential materials used in clothing, sweat production under
problems to the soldiers of all forces, including heat varying conditions, cold-induced diuresis, and
stress, toxic gases created by weapons fire, postural rewarming.
injuries, and fires in thecrew compartment. With the In 1954, thelaboratorywasreorganizedandeventu-
assistance and support of the NRC, the Armored ally became the Environmental Protection Research
Medical Research Laboratory was established in 1942 Division (EPRD) at Natick, Massachusetts. In 1%1,
at Fort Knox, Kentucky, to deal with the medical sections of the EPRD became part of USARIEM.W
problems of armored-vehicle crews."" Staffed by
physicians, medical and physical scientists, and engi- The U.S. Army Research Institute of Environmental
neers, the laboratory's mission was to Medicine

identify and evaluate the stressful demands The army established USARIEM in Natick, Massa-
placed on operators of tanks and other weap- chusetts, by consolidating research elements that had
ons; been initiated in the Armored Medical Research Labo-
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Fig. 1-8. Sherman medium tank (M4A4, 1942 vintage). The M4 tank had no ventilation designed specifically for the crew.
While the engine was running, air that was needed to cool the engine was drawn through the turret, allowing some air
exchange to occur in the crew compartment. During World War 11, a test was conducted at the Armored Medical Research
Laboratory, Fort Knox, Kentucky, in which two general officers and an Army Medical Department (AMEDD) officer
attempted to fire 10 rounds of 75-mm ammunition from an M4, similar to the one above, with all the hatches closed. After
firing only four rounds, ammonia levels reached about 400 ppm and the "crew" were weeping copiously and ready to quit
the test. During World War II, morbidity and mortality from toxic combustion products of weapons were probably averted
because tankcrews tended to leave the hatchesopen whenever possible. Source: Hatch, TF. Somereminiscences, thearmored
force medical research laboratory in WW II. Medical Bulletin of the US Army (Europe). 1985:42"22-26. Photograph: Courtesy
of Colonel Joel C. Gaydos, Bethesda, Md.

ratorv and the EPRD. The laboratory's main effort for soldiers working in the heat; coagulopathies asso-
always was directed at the health and effectiveness of dated with heat stroke, frostbite, and hypothermia;
soldiers who functioned at extremes of temperature or and injuriesassociated with physical-fitness training."
at high altitude. More recently, USARlEM assumed
research roles in physical fitness and nut'ition.-t  Weapons Modernization During the 1980s

Data and information were acquired at Natick; the
Arctic Medical Research Laboratory at Fairbanks, Allegationsofadversehealtheffectsinoperatorsof
Alaska; the John T. Maher Laboratory at Pikes Peak, new army weapons systems began to surface during
Colorado; and from numerous field studies. Using the late 1970s. Early in the 1980s, the DoD launched a
these data, USARIEM assisted military commanders major weapons modernization program, which
and medical officers by consulting on and teaching brought more allegations and criticism that the army
about a wide rangeof topics, including tolerance times had forgotten the soldier in the man-machine inter-
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Fig. 1-9. The OH-58D Advanced Scout Helicopter was designed for enhanced aerial reconnaissance-, intelligence gathering;
and ta rget detection, acquisition, and d esignation. It serves as an excellen t exa mple of the many d ifferent, potentially adverse
exposures that may be inherent in new materiel. Under the Health Hazard Assessment Program, the OH-58D was evaluated
for the following potential hazards to huma n health. lasers contained in the ball on top of the ma in rotor, heat stress. resulting
from the large number of electronic items carred in board, engine-exhaust products that could enter the cockpit, whole-body
vibration- and the crash worthiness of the seats, which had been used on other aircraft and were reported to have been
associated with excessive spinal injuries during crash landings. Source: Rowden SE, Mclntosh RM. The health hazard
assoessment program: Occupational health for the soldier in the field. Me'dical Bulletin of the US Arm~y Medical Depairlment.
1988;2:7-13. PB 8-88. Photograph: USAEHA file.

face. Critics also attacked the army for failing to 1970s and early 1980s. Questions arose regarding the
adequatelyaedd ress crew and vehicle survivability on potential harmful effects from blast overpressure with
the battlefield in -the design and testing of armored the M 198 howitzer and carbon monoxide poisoning in
combat vehicles.":•• the Bradley Fight-ing Vehicle (BFV), when both were

nearing the end of a multiyear MADP cycle. These
The Health Hazard Assessment Program questions should have been addressed earlier in the

conceptual stages of materiel development to pre-
Weapons and equipment developmeni continued clude the pos-sibility that costly-and even unaccept-

after World Warl11, as new technologies (such as radar able--changes would have to be made. To prevent
and lasers) produced potential threats to the health of similar problems in the future, U.S. Army Regulation
soldiers wvh, operated and maintained them. Al- 40-10 established the U.S. Army Health Hazard As-

though AMEDD continued to develop its expertise in sessment (HHA) Program, whi~ch was published in
occupational health, this expertise was not integrated October 1983.4' This regulation required medical re-
into the U.S. Army Materiel Acquisition Decision Pro- view of items in the MADP at critical points in the
cess (MADP),a multiyearcycle in which new military multiyear cycle. The HHA process has evaluated a
items are systematically conceived, developed, tested, long list of potential hazards, including noise and
reviewed, and accepted, rejected, or medified, before vibration in helicopters, toxic gases in armored ve-
being fielded. Therefore, no systematic medical re- hicles, blast overpressure from mortars, and skin irri-
view occurred to identify and control, or eliminate, tation and sensitization caused by chemical protective
hazards 'to the soldiers who used and maintained the masks, clothing, and other items of PPE (Figure 1-9)."
new tanks, guns, and other equipment."r-" After the army's HHA program was initiated, the

Problemsresulting from theabsence of expert medi- U.S. Deputy Chief of Staff for Persnnel undertook the
cal opinion in the MADP became obvious by the late Manpower and Personnel Integration (MANPRINT)
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initiative. This effort's objective was to ensure that the to (a) assessthevulnerabilityofbothvehicleandcrew,(b)
human component was considered first in the design identify design changes to improve both vehicle and
and development of army systems such as weapons crew survivability, (c) produce a database in order to
systems, field water-treatment systems, and commu- improve computer modeling of vulnerability, and (d)
nication systems. By regulation, key personnel in the assess the lethality of American weapons systems
MADP were required to attend MANPRINT educa- against foreign systems?"` Because the first three of
tion programs (which included orientation on medical these objectives addressed the protection and surviv-
topics) and to ensure that the human aspect of the ability of American troops, AMEDD had a role in
soldier- machine interface not only was not forgotten, identifying and defining the potential hazards and
but was given the highest priorityY2 making recommendations for improving survivability.

However, AMEDD's involvement with the last objec-
Testingfor Survivability and Vulnerability tive was precluded for ethical reasons. The lead medi-

cal organization in thisnewundertakingwastheWalter
Whether or not a military vehicle, particularly an Reed Army Institute of Research (WRAIR), Washing-

armored combat vehicle (ACV), survives combat is ton, D.C., with support from USAEHA and the U.S.
directly related to both the vehiclie's and the crew's Army Aeromedical Research Laboratory (USAARL),
vulnerability. Until the 1980s, vehicle vulnerability rortRuckerAlabama.' TheArmed Forces Epidemio-
was assessed by simply evaluating the ability of the logical Board also provided assistance."`*
armor to withstand penetration by a specified anti- Using current technology and developing new, the
armor threat (eg, a particular rocket or artillery shell). army's vehicles, containing a variety of sophisticated
Selective components of the vehicle were tested and instruments, were subjected to antiarmor threats.
data were extrapolated, using computer modeling, to Fragments, thermal effects, blast overpressure, flash,
determine the vulnerability and survivability of the acceleration and deceleration, and toxic gases were
ACV. This approach-particularly the testing of the studied. The results of this effort have been directed
BFV-was criticized, and as a result, the Office of the toward improving soldier survivability in battle and
Secretary of Defense initiated the Joint Live Fire Pro- AMEDD's ability to predict, diagnose, and treat battle
gram in 1984. Inacloselyrelatedactionin1987,'heUS. casualties. After considerable research and study,
Congress passed legislation requiring live-fire testing health risks within an ACV (including a scenario in
of all weapons platforms, like an ACV, ship, or air- which the crew remained in the veb-cle after its armor
plane, that perform as a combat machine against real- was penetrated) and criteria for predicting injuries
istic combat threats. The objectives of the testing were were defined and reviewed.€"

CHEMICAL WARFARE

Just as Germany's use of poisonous gas during chemical agents stored at eight locations in the conti-
World War I had stimulated the U.S. Army to initiate nental United States (CONUS), Johnston Island in the
its first occupational health program,78 poisonous gas Pacific Ocean, and West Germany.0 The initial target
again became a center of interest in both occupational date of 30 September 1994 for completion of the man-
health and environmental fields as the decade of the dated destruction was later extended to 1997.4'4

1980s drew to a close. Public concern, congressional interest, and strict re-
quirements for environmental evaluations focused

Demilitarization considerable attention on the army's plan to inciner-
ate the agents at the eight CONUS locations and

in 1969, President Richard M. Nixon unilaterally Johnston Island.4 The involvement of the army's
halted American production of warfare chemicals, occupational health community in conjunction with
therebyeliminating the routine replacement of chemi- the USPHS and the Committee on Toxicology of the
cal weapons affected by aging." By the late 1980s, a NRC included
deteriorating American chemical-warfarestockpile was
described as "90% useless for military purposes, and * documenting and verifying occupational and
costing approximately $65 million per year to safe- environmental exposurestandards (to include
guard."4' The 1986 Defense Authorization Act at- those for the general population);
tempted to correct this situation by requiring the de- • reviewing workplace and destruction proce-
struction (demilitarization) of aging munitions and dures for compliance with standards;
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"• assisting with the preparation of environmen- An unfortunate incident in 1943 demonstrated that
tal assessment and impact documents; and when medical personnel do not suspect and are un-

"* addressing inquiries and concerns of citizens, prepared tohandlechemicalcasualties, theconsequences
legislators,and theU.S. Environmental Protec- can be grave.!' At dusk on 2 December 1943, the
tion Agency (EPA). Germans bombed the allied-occupied harbor

of Bari, Italy. The merchant ship SS John Harmey was in
Production of Binary Chemical Weapons port loaded with a large quantity of high-explo-

sive munitions and a secret cargo of approximately 100
In support of the United States government's posi- tons of American-made mustard bombs. The ship

tion that a chemical weapons capability deters an and her cargo exploded, and any crew members
enemy poisonous gas attack, the 1986 Defense Autho- who might have known of the secret cargo were
rization Actalsoapproved production of binary chemi- killed.Manycasualtieswereedp tomustardvaporand
cal weapons,"s which began at Pine Bluff, Arkansas, in were covered with mustard mixed with oil (Figure 1-10).
December 1987.E In the binary system, two toxic but The medical personnel who received the casualties
sublethal component chemicals are manufactured and had no reason to suspect chemical agents. They made
stored separately. When the fuze is installed in the no attempt to protect themselves or to decontaminate
weapon (eg, an artillery shell), separate containers of theirpatients; themixtureof mustard and oil remained
each chemical component arealso installed. When the on their skin for many hours, perhaps even days. The
weapon is fired, the separate containers rupture and patients' undiagnosed clinical states aroused suspi-
the components mix to form a new, lethal compound.' 7  cion among the medical personnel that something
This weapons system produced a number of new unusual had happened, and some kind of chemical
chemicals, such as ethyl 2-idi-isopropylaminol- exposure was suspected. Eye injuries, skin erythema,
ethylmethylphosphonite (known as QL). To protect and blisters were noted 12 to 14 hours after the bomb-
civiliansand soldierswhomightbeexposed tothenew ing. Several days later, an investigating medical offi-
chemicals, the army's occupational health community cer who had been flown in from England used clinical,
defined requirements for toxicity studies, interpreted epidemiological, and pathological data to show that
toxjcitydata,developed exposurestandaes,and evalu- exposure to mustard had occurred. Of the 617 known
ated worksite procedures. mustard casualties among military and merchant ma-

rine personnel, 83 (13.6%) died. An unknown number
Contemporary Threats of civilian casualties also occurred. Of the military

personnel and merchant seamen, the significant casu-
The threat of exposure to poisonous chemicals h alties--and all thedeaths--occurred among those who

been considered a possibility with (a) armed conflict, had been completely covered with the mustard-and-

(b) terrorist activities, (c) the destruction of our aging oil mixture.•s5
chemical stockpile, or (d) the accidental unearthing of Fifteen nations were thought to possess chemical

old, forgotten underground disposal sites. weapons in 1989 and eight more were suspected of

In a 1919 report to Congress, General of the Armies possessing them.ý' Even though the risk that a super-

John J. Pershing stated: power might be the first to use chemical weapons was
thought to be remote, some nations, like Iraq, had

Whether or not gas will be employed in future wa-.s is demonstrated a willingness to employ them. Further-
a matter of conjecture, but the effect is so deadly to the more, the ease of concealment of chemical grenades or
unprepared that we can never afford to neglect the canisters, and the psychological impact if they were
question.•'P" used, made the possibility of a terrorist chemical attack

worthy of consideration.'9

Chlorine, mustard, and phosgene had been used in Also, with the legally mandated destruction of the
World War I arnd caused more than 1 million casualties United States' old chemical stockpile, the likelihood
and almoAt 100,000 deaths.' The possibility of an en- that an accident could occur increased whenever the
emy gas attack was considered to be remote during agentsweremoved, manipulated,andincinerated.&'•'
World War ii, but American military personnel re- Chemical agentshavebeen manufactured, storedand
ceived chemical-warfare training nevertheless. Few, used in anger, research, and training since World War
however, took either the training or the threat seri- I, both in the United States and abroad. Many times
ously. Theopposingsidesmaintainedsignificantstock- disposal was by burial in unmarked and unrecorded
piles,but there was noconfirmed combat useofchemi- sites; there havebeenanecdotal and documented reports
cal weapons by major belligerents.'9  of unearthing containersof chemical agentsatCONUS
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Fig. 140.Thebariviro~f Bari, hah%,on 3DL-tscnbt-r 1443. A Gerrnanatr raid Lite in theda% tin 2I)embexrdanmggedor mnka ilarge
nunitvr tif %hirý. in telid-ecie h.arbor, indluding the SS Jolin I1sarw V, which etarnd abouit IMX tons tit mustard biombs.
Ati.lard %apir in the %rioke. niusi~trd agent mixed %% ith oil fromi the darnaged ship.,and LaIk Of preparednossfo~rdealing %% ith
nlititard ta%Lmltio. rotulted in hundre&,, or e~en thotusands. tit tamuiltit-s. 13.t)'-. to the twl7 miehtari and merchaint marine,
ca-stialltL,% died Soutrte, (1) Infield GB Di,&.ter at Amr. Net% Nork. Mac.millan. 1971. (2) Alexander 51'. Medital report tit the Ban
I larbotr niti.tard L.i ialtie'. Ali:taun Stiersom 1447,101.1 -7. Photograph. Reprinted with piermission from Infield G.B. 1).a,.tersit
fAirt. New York: Macmillan: 1971.

installations and American in-,lallations overseas. Re- plrog.ram:,s, and tasked the iLonsultant to addre-ss all the
cently, hundred-, of vials of chemical agents, dating identified deficiencies and to develop and coiordinate
back to the early I 4`10 or earlier, were found at Fart all the needed corrective actions with the %artous
Polk, Louisiana, wvhen a firing range was exavated.16 commands. involved."e Emphases was immediately

placed oin developing doctrine and improving the
Medical Education level oif mnedical, readiness through training.

Work on doctrine and oifficial guidance foir balefield
Enhanced respect for the chemical threat and inter- and nonhattlefield exposures- to chemnical threats was

est in the admquac% of training in the miedital manage- invigorated and The Surgeon General launchedf and
ment oif chemnical1 casualties, increased drarnatietallv it; financed a consolidated prorgramn of training for nmedical
the late 11480s. The American program to demilitari/e personnel." The U.S. Army Medical Research Instituteof
outdated chemical stocksibegan as an increasing numbter Cierniii.al lDefenseat Edgmwoodt, Maryland, had offered
of countries becanieable to wagea chemical war.'_ " In an outstanding training cour-A- in the medical manage-
Febn-ary 14371 the Technical Inspections Division. ment oft chemnical casualties for many' years. Thecouire's
U.S. Army Inspector General Agency, published the impa~xct was limited lie-auseit was not funded and staffedi
report ofan ex aluation oif medital support at Chemical ,eparately, but %%as tatught asan additional rmission on a
storage -site,,. The report identified a Jlak oft dottrine time-ax ailable basis bý people who had other primary
and lack of hinstittionali/ed training. x% hkit. extended duties,. Asa result, the numbexrs tit students trainedi were
beyond the storage and demnilitari/ation niis-sion. In too small to meet thearrmy's neceds. I lowei.er, using this
response. The Surgeon (;anearai of the arni% authori/ed I. ses 111it letis. trainingat Edgewood vi %asexpanded
a full-time position for a medicalteonslthant for %urclt! an1d plans were initiatedi fora high-quahtq, exportable
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course; training of certified instructors; special-applica- recommendations for promoting health and
tion training packages to meet special needs (such as the preventing morbidity and mortality are
demilitarization mission); and augmentation blocks of AMEDD responsibilities.
instruction to be used in other existing AMEDD courses * And second, assessments accomplished for the
(such as the Officer Basic Course).53 purpose of promoting health and preventing

morbidity and mortality are a part of the
Ethics AMEDD mission.

Why are army occupational health professionals We may argue that medical assessments should be
involved with chemical warfare agents? The question classified or controlled so that access is restricted.
has been asked repeatedly. Occupational health ad- However, except in cases involving national security,
dresses the protection of workers and the prevention restricting access can cause and hascaused difficulties.
of morbidity and mortality from all hazardous expo- For example, the right to know about actual or poten-
sures, including chemicals. The principles are the tial exposures may be violated, and acceptable peer
same, regardless of why an individual is exposed. review of the assessment may not occur. An
Defense against chemical weapons-including physi- individual's right to know the natureand extent of any
cal protection, exposure standards, prophylaxis, and exposure has been weil established, both in our work-
treatment-have been the impetus for, and a continu- places and in ourcommunities. After the 1986 Defense
ing part of, army occupational health. Authorization Act was passed, interest in potential

From World War I to the present, the offensive and exposures from the production, storage, transport,
defensive aspects of chemical production and warfare and destruction of chemical agents increased dramati-
have never been clearly distinct.' At times, this has cally among scientists and the lay public.ý The army
created a moral dilemma. For example, a medical was criticized because much of the data relating to
professional's assessments of chemical exposures are health had neither been published in the open scien-
required to determine the need for, or the adequacy of, tific literature nor been made available to the public
physical protection, prophylaxis, and treatment. But through established information channels. The insti-
unfortunately, weapons developers may also use such tution of an expert-panel review process by the Cen-
assessments for destructive purposes. AMEDD has ters for Disease Control in Atlanta, Georgia, blunted
maintained two positions: this criticism.5' Additionally, all unclassified reports

were submitted to the Defense Technical Information
* First, identification and definition of potential Centerand theNationalTechnical Information System

human health hazards and development of to facilitate public access.

ENVIRONMENTAL HEALTH

Thedefinitionof occupational health, slightlymodi- Mission and Organization
fled, also includes environmental health: the application
of medicine, other scientific disciplines: and the law to In general, AMEDD's role in environmental health,
protect all people from environmental hazards and to as with occupational health, has been to (a) identify
preserve the environment.' Occupational health usu- and define hazards and to assess the risk to human
ally deals with workers and workplace exposures, health; (b) use medical means (such as medical screen-
while environmental health concerns the total popula- ing, diagnostic evaluations, and risk assessment) to
tion and their exposures in the environment. These help prevent injury and illness and to treat and reha-
two closely related fields differ regarding bilitate those already afflicted; and (c) assist com-

manders and managers in communicating risk infor-
"* the demographic features and the health status mation, eliminating hazards, and reducing morbidity.

of their populations of interest, Industrial hygienists and safety personnel identify
"* theknowledgeoftheexposuresand therelated and define hazards inside the traditional workplace

risks in those potentially exposed, and develop recommendations for their control; envi-
"* the acceptance of the risks associated with ronmental scientists and engineers accomplish these

exposure, and tasks outside. Often, occupational health profession-
", the application of control measures. als in the army have been expected to make the transi-
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tion from occupational to environmental health when- The IRP was developed in 1974 to deal with envi-
ever the need occurred. Even though this expectation ronmental contamination from toxic and hazardous
may seem to be reasonable, the transition is usually materials where these were known to exist and where
difficult. Medical surveillance and evaluation mea- environmental control efforts of some type already
sures for worker populations are unlikely to be di- existed.' The IRP was linked closely to the Resource
rectly appl: able to a general population in whom not Conservation and Recovery Act (RCRA) and was pri-
only thedose, duration, and routeof exposure,but also marily the responsibility of the Office of the Chief of
the demographic features are quite different. Addi- Engineers (OCE).Y The Comprehensive Environmen-
tionally, even though risk assessment and risk corn- tal Response, Compensation and Liability Act
munication have long been considered an important (CERCLA) of 1980,' also known as the Superfind Act,
part of employee health programs, they took on differ- and the Superfund Amendments and Reauthorization
ent perspectives and greater meaning in the 1980s, as Act (SARA)of1986-promptedeffortstoclean upmuch
concerned citizens' and legislators demanded more older, hazardous-waste sites on active army installa-
precise information on environmental pollutants and tions. With the passage of these two acts, the IRP's
their associated disease risks. Army physicians, toxi- mission was greatly expanded and the army's envi-
cologists, and other occupatianal health professionals ronmental effort became part of DERP. The funding
recognized and accepted their environmental health that was available through the Defense Environmental
roles much earlier than theircivilian counterparts did, Restoration Account (DERA) facilitated this effort.
and acquired their expertise through on-the-job and Army sites identified for major environmental
formal training. For example, environmental health cleanup were required to have a Health Risk Assess-
has been an important component of residency train- ment (HRA) Report.' The OTSG, with support from
ing programs for physicians at the USAEHA for de- the USAEHA and the U.S. Army Medical Research
cades. and Development Command (USAMRDC), was in-

AMEDD's role in occupational-and particularly volved in the preparation of selected HRA reports and
environmental-health were questioned during orga- reviewed OCE contractor-generated reports. The US-
nizational realignments during the 1980s. Proposals AEHA also provided helpand conducted on-sitestud-
were made to remove industrial hygienists and envi- ies to deal with special problems.' During the period
ronmental engineers from AMEDD and place them in November 1988 through January 1990, thearmy docu-
the U.S. Army Safety Community and the Corps of mented savingsof$19.6 million asa result of AMEDD's
Engineers. In every instance, the final decision was to involvement in the environmental effort; the potential
maintain AMEDD's team intact, since an improve- savings may reach $128.4 million.tOA Approximately
ment could not be identified. 200 OCE contractor-generated HRA reports were re-

viewed; nearly one-half of them were unsatisfactory,
Environmental Program Initiatives containing errors that would have been extremely

costly because unnecessary or inappropriate work
The army's interest in protecting the environment, would have been performed in cleaning up the envi-

paralleling the similar interest in the civilian sector, ronment. Additionally, quick responses to potential
has increased greatly during the past 20 years. This problems(eg, workers'complaints regarding illnesses)
interest---due to legislation, initiatives by army leader- averted serious outbreaks of diseases and consequent
ship, public pressure, and special events such as the adverse publicity."'
demilitarization of our aging chemical stockpile and The INF Treaty, an agreement between the USSR
Pershing missiles under the Intermediate-Range and theUnited States, becameeffectiveonl June1988.
Nuclear Forces (INF) Treaty-resulted in the follow- This treaty required that Pershing missiles be elimi-
ing programs: (a) the U.S. Army Environmental Pro- nated and specified that solid-fuel rocket motors be
gram, (b) the Installation Restoration Program (IRP), destroyed bydemolition, burning, or launching. Static
ana (c) the Defense Environmental Restoration Pro- firing (ie, firing the rocket motors while they arebolted
gram (DERP).4 ' 5•-'• horizontally to a fixed firing stand on the ground) was

The U.S. Army Environmental Program was initi- selected as the primary means of destruction. The air
ated during theearly 1970s to protect natural resources emissions from the perchlorate-based propellant were
(air, water, and land) while the army performed its primarily hydrogen chloride, aluminum oxide, nitro-
missions. The scope of the program increased, with gen, carbon monoxide, and carbon dioxide.;'
so,-e shifts in empiasis, to encompass hazardous Coordination of and discussionsregarding prelimi-
w.aste (including toxic and medical waste), noise, ra- nary testing and eventual destruction of the Pershing
dioactive waste, radon control, and asbestos control.5 missiles involved several groups. AMEDD partici-
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pated in the early testing to ensure that the data col- about the basis for and acceptability of the guidelines
lected would be adequate for making health assess- were answered.6  Since the INF Treaty required
ments. With assistance from the Committee on Toxi- verifiable destruction, both sides exchanged observ-
cologyoftheNationalAcademyofSciences, guidelines ers. The AMEDD was also involved with the INF
forexposureof thegeneral population torocket-motor Treaty by providing health-risk information, educa-
combustion products were established, and inquiries tion, and prophylaxis, when indicated, to American
from governmental agencies and concerned citizens observers stationed on Soviet soil.

SUMMARY

Occupational health in the army evolved with health after World War lI.'
America's interest in occupational health. BeforeWorld More workplace services became available after the
War I, American disinterest in employee health in 1970 OSHAct was passed. The massive equipment-
civilian industries was mirrored in the military, but modernization program during the 1980s called new
the threats posed by the manufacture and enemy use attention to soldiers' militarily unique exposures, and
of chemical warfare forced AMEDD to become in- as antiquated chemical weapons were demilitarized
volved with the health and safety of workers in gas- and new chemical warfare agents were produced,
producing and gas-defense plants. The war effort AMEDD was required to identify and describe envi-
stimulated thedevelopmentoftheAmericanchemical ronnental hazards and to protect soldiers and civil-
industry, with a concomitant increase in attention to ians with potential exposures to poisonous military
the woi kers' health.3 chemicals.

Between World Wars I and II, army leader ship lost The army directed critical resources and great effort
sight of the value of employee health programs. As to occupational health programs because the need for
World War II approached, however, they quickly rec- them was significant and often related to national
ognized that industrial medical services were needed defense. History has demonstrated that the army's
in the wartime industries and that new equipment occupationalandenvironmentalhealthprogramsmust
like the modern tank exposed s3ldiers to unusual and be able both to meet the needs of the time and to serve
militarily unique hazards. The civilian sector fur- as the framework for rapid expansion during mobili-
nished trained experts and facilities to the ill-prepared zation. Relying on nonmilitary experts in future na-
army. tional crises requires that AMEDD develop and main-

Aidr.d by the USPHS, AMEDD implemented and tain strong ties with the civilian occupational and
monitored many successful programs that supported environmenta! health communities and foster those
both soldiers and civilian employees, produced pio- experts' professional growth and development.
neering contributions to both military and civilian Equally important, AMEDD's peacetime occupa-
occupational health, and documented the effective- tionaland environmental health programsmust never
ness of the wartime industrial medical services. Fortu- be weakened to the degTee that they no longer provide
nately, the army did not forget about occupational a framework for mobilization.

The author thanks Robert J.T. Joy, M.D., for his critique and assistance during the preliminary phase of the
development of this chapter.
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INTRODUCTION

The US. Army developed occupational health ser- occupational health needs for a given installation, far
vices during World War 1! in response to the need to more important is the installation's mission (its prod-
maintain productivity in the civilian workforce. Pro- uct) The nature of the product often has little to do
grams were continued after the war, based primarily with thebase'sindustrialoperations. Forexample, the
on the army's recognition that the manufacture and mission of the Training and Doctrine Command
use of modem weapons pose significant and unique (TRADOC) installations includes training (a major
hazardstothehealthofthosewhousethem. Thearmy product of Fort Benning, Georgia, is trained para-
aLso recognizes that its civilian workforce is little dif- troopers); the mission of the Forces Command
ferent from the workforce in other industries, and that (FORSCOM) installa. :ons includes readiness (a major
the health of its employees must be protected-both to product of Fort Campbell, Kentucky, is an air-assault
safeguard productivity and to meet its legal and moral division ready to go to war). Usually, an installation's
obligations to those employees, mission is the major determinant influencing the

Twomajorfactorsinfluencetheoccupationalhealth healthcare services that the Army Medical Depart-
needs of the army: the hazards associated with being ment (AMEDD) provides to that installation. Most
a soldier, traditionally the basis for defining military FORSCOM installations are large and havecorrespond-
medicine;and thenatureofthearmyasalarge, multi- ingly large dependent and active-duty populations,
faceted industry, the basis for that specific part of and therefore require a full-service, military-commu-
military medicine that is occupational health. How- nity hospital. The occupational health services pro-
ever, before occupational health in the army can be vided to the civilian and military workers involved in
described, the army's occupational health needs must traditional industrial operations are a very small part
first be defined. This can only be done by examining of theseinstallations' total healthcare system. Usually,
the army not as military organization-with its mis- the state of readiness dictates the level of healthcare
sions of readiness (being ready for war), mobilization that is provided to any installation.
(assembling and preparing for war), deployment (as- Butevery rule hasat least oneexception. Inthecase
suming a strategic position in war) and sustainment of the relative importance of industrial operations to an
(supplying the materiel and manpower necessary to army installation's mission, that exception is the US.
prosecute a continuing war)-but as an industry. It is Army Materiel Command (AMC). The army's "indus-
even more important to understand how mobilizing trial base" refers, for themost part, to theAMC. Because
the industrial base influences the army's occupational only two AMC installations, Redstone Arsenal and Fort
health needs. Monmouth, have sufficient active-duty populations to

As an industry, the US. Army is a multifaceted require community hospitals, relativelyfewarmymedi-
-conglomerate with over I million employees. All cal personnel are ever assige to AMC installations;
types of industry are represented: manufacturing, therefore, few in AMEDD are familiar with the AMC
engineering, maintenance, supply, construction, en- Before the occupational health needsof thearmycanbe
ergy, service, and knowledge. While base-support understood, the AMC, its operations, and its products
operations must be considered in determining the -- the army's industrial base-must be described.

THE US. ARMY MATERIEL COMMAND

The AMC, headquartered in Alexandria, Virginia, National Guard through materiel systems research,
was formed in 1962 with the amalgamation of the development, acquisition (including manufacturing
army's technical services: ordnance, transportation, of some items), and maintenance of materiel readiness
the quartermaster corps, the signal corps, the chemical and reserve materiel storage. Although the AMC has
corps, and the Co-.ps of Engineers. (The reorganiza- undergone major reorganization since the Command
tiondidnotchangetheidentityoftheindividualcorps; Briefing used in May 1992 was written, the briefing
it combined the services that had previously been papers still detail specific portions of the AMC's mis-
provided by the individual units within those corps.) sion (Table 2-1).
The overall mission of the commard is to support the The AMC workforce iscomposed primarily of civi-
US. Army, the US. Army Reserve, and the US. Army ian employees, with approximately 10 Department of
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TABLE 2-1

ARMY MATERIEL COMMAND MISSIONS

Misaont Function Sazple~utputAccvmplisments

I-Equip and sustain a trained. ready army Determine, supply and maintenance needs of soldiers $32 billion annual army stock fund program
Field new systems 35 PEO and 71 ANMC systems fielded
Manufacture and procum- ammunition 625,000 rounds
Procure, stoem, and disribte spares, tools, and other Fili 32 million requisitions

supplies to maintain equipment readiness
Manage and perform d-pot maintenance 97,000 major items rebuilt and repaired

416,000 secontdary items rebuilt and repaired
$1-5 billion funded depot maintenance

program
Perform pastdleploynet software engineffring $90 million program for software engineering

52 milliont lines of code
Callbrtie and repair test equipment 685,00 items calibrated

74.00 items; repaired
Provide tedutical assistance and training to the field 1O30 log cassis#P-;: specialists worldwide
Dispose of unusable, equipment. supplies, &and Screen S1.7bill'sa in supplies for non-DoD

munitions Users
Dispose of 58 million in screened excess

supplies
Support cother US. government agencies Law enforcement. treaty compliance, and so

forth

2. Provide equipment and services to other Prepare and present FMS total package letters of offer 7.00 pro"et currently managed for other
nations through the security assistance countries
Program 500.00 requisitions, per year

Manage acquisition and dtlivery of materiel and S44S billion value current program
servicles 524.1 billion undelivered orders

Manage system fielding. training assistance. and 142 training teams in FY 1990
follow-on logistics suppc-mt for allies Follow-on support cases worth over $3 billion

to sup;,ort what the US. sells
Manage customer program. perform financial control, 124 coumntres and international organizations

and conduct reviews
Develop. negotiate, and monitor coproduction 523 billion value for 25 programs

a&retbements
Manage commercial export licentses for thme army 6.000 export licenses revieured in FY 1990

3. Detvlop and acquire nonxrupr systems Develop, test, and evaluate equipment. s)-stems. 75 systems (does not include munitions)
and nmunitimns and munitions

Manufacture. procure. and test equipment and !97 svtemscurrently funded and at AMC
sy'stem IPl level

Provide software engineering support 4 software, center-. support over 300 systems
Provide for management, engineering. production, 10 test centers conduct technical testing

and testing inrdas~tructure
Support other government agencies Drug Enforcer. ert Atenc communication

and night-vision equipme-nt
Ammunition procurement for other services

4. Provide development andA acquis;6oni Facilitate the trantsition of future systems and 9 systems from PEO to ANC in M99
support to program managers munitions to and from PEO management
(PEOs, PMs) Provide functional support to augmnent PEO/FM 10 PEC~s and 117 Phs

offices
Provide general functional support Procurmet. legal. engieerng. integrated

logistic support (115)
orovide soft-r engneein support 3 lif-cycle software engireering centers

support PEOASM
Provide for maniagement. engireering, production. AJW-kAA Whlic Sands Minssie Ranges

and testing infrastructure

5. Define. develop, and acquire superior Identify technology requirements for the future army Technology-based master plan
"technlogies Demnontrate advanced technologirs- facilitate Rotorciaft plots Jisocat

techeology tasto/neto
':onduct and spsonw basic esea rch and exploratory 657 university contract and grznts-$89-erlp million
Influence,leverage todependcrntlyhmuned US. arM 45 IR&D reviews

foreign: basic research and erpoamtory develoment WCus with 120 crvntries
S.-pport r'E/PN! and ArnyiCSD with tedhnology 610 technolog-based works packcges

and technical assessenrot 161 P% supported
Pmrotitechrical1 adv-ice and counsel Soldierasa-syste technolog a~eswnent

AMC FAST program
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Table 2-1 (continued)

Mission Function Sample OutpuU/Accomplishments

Support other national initiatives Outreach programs to mninorities and women
Youth-in-science reserch and engineering

apprenticeship program
provide a research and development infrastructure Ensure adequate training of scientists and

engineers

6. Maintain tik- mobilization capabilities, Dvebop and test mobilization and con~tingency plans DevelopLd and shipped 3 theatcr-level
necessary to support the army in bustainmetnt packagcs for Desert Storm that
cm-ergencies invoived 5,87 requisitions for a total of

S135 million
Maintain -tandby supply de-pot capacity Ammunition storage capacity platlits 169.IO

Wt total covered
Depots 419,000 ft2 total covered

Maintain standby depot maintenance capacity 390.000 jtvm, for depot-level work for the
remainder of FY 1991

Maintain inactive ammunition plar.ts and tc-t Maintenance of Inactive industrial facilities-
facilities 567.8 million FY 1991

10 inactive army ammunition plants
Maintain standby arsenal capacity Rock Isand A.-senal has 15%4 layaway

capacity
Watervliet Arsenal has 3%I layaway capacity
Number of pieces of equipment being

retained i% 1,986
Maintain war reserve stock., 66% of worldwide ammunitions requirements

on hand
106,00 secondary items for war rensere

Maintain a manufacturing capacity to meet the Layaway of industrial facilities
threat of war %**TCV 533.2 million FY 1991

AMMO S22.2 millLon FY 1991
Augment government production facilities to meet Production base support projects to provide

wartime needs production facilities not commercially
available for a total of $4412 million

Proide logistics training for active and reserve units Provide training sites for approximately 285
reserve component units that involved
65,100 persn days

7 Continue to improivc productivity and Make productivity-enhancing capital investments LOCSPARS (527 million) with 5150 millien
quality oif life annual savings

SATCONI mission facility (56.4 million) with
524 mrillion annual savings

Modernize industrial and RDT&E facilitis 561.6 million MCA program-
Toxicology research facility (533 0 million) at

Al'G,
Directed eniergy weap-ons lab (514.4 million) at

Redstone Arsenal
Impleme-nt total q;Uabty mnanagement Orer 55%Z of HQAMC managers have

received TQM training
Over 1300 process action teams. within AMC

and the number is growing daily
Comply with EPA and --Utr rtgulations SMl million fur envirornmental compliance FY

M99 (clean water, clean Asir, waste waler)
S124 million for enivironen-rtal restoration FY

1990 tiIA7MIN, site cleanup)
Achieve quality covditions. in thewviplaccarsi Ytum and Self ridge winners in AIrmy

living qurterkrs Communities of Excellence competition
Operate iealtnsndfacilities efficiently S68 million productivity *nvestment fund

tl'IF) at TOAD
S26&4 million RPMA programs (RDTE. DMA)
00%~ enery-reduction goal

Maintain a valued and respectzd woritforrte
l'rovide c-mmand and conitrol

AMSAA: Army Materiel Systems Anailysis (PR: in-process review I'M: Progtram Manager
Agency IR&Dt irrptocess research and de~veopment RPMA: real Property Maintenance activity

AI'G: Aberdcen Proving Ground LOGSPAVS lxogistics, Planning, and Requireenwrts RDT&E- research, development. test, and
ASM: automated %systm management Simplification System evaluation
FAST- field asestance in sckienev and MCA. military consructnion. Army TOAD. Tabyhxnna Army Depot

tec~hrxiogy MOU: meorwandumn of understAnding TOM: total quality maun.gement
F.M- fowreign military sale OSD. Office of the Secretary of Defense W;CV: wcapon and track-d combat
IIAZMIN: hazardots waste n-inimizAtion PmO Progam Excculive Officer vehicle

Sosurce- Briefding Paercm Army Materiel Command Headquarters, Alexandria. Va: 1991.
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Fig. 2-1. Since it was organized in 1962, the number of employees of the Army Materiel Command has steadily decreased
(except of course during the Vietnam era). This decline is projected to continue through 1995.

the Army Civilians (DACs) for each active-duty sol- eration is the Defense Logistics Agency (DLA)
dier. However, the actual size of the command is contract with BMY Harsco Corporation,
changing rapidly under the army's planned down- Maryville, Ohio, for the manufacturing of the
sizing (Figure 2-1). For example, in May 1990, AMC M914 series heavy utility trucks.
personnel consisted of approximately 100,000 DACs
and 10,000 active-duty soldiers; by May 1992, the These distinctions are very important because the
workforce had shrunk to fewer than 90,000 DACs and type of industrial plant is a major determinant of the
8,000 active-duty, type of occupational health services that AMEDD is

Defining the size of the AMC by looking at the size obligated toprovide toplant employees. Thisdistinction
of the Department of Defense's (DoDYs) peacetime is discussed in detail in Chapter 3, Army Health Pro-
workforce can be misleading. There are actually three grams and Services. AMEDD provides medical sup-
types of AMC industrial activities: port only to government-owned, government-oper-

ated installations.
" Government-owned, government-operated During the summer and fall of 1992, the AMC

plants. Thesearestaffed by federal empioyees, underwent a major reorganization. The AMC is
and are owned and operated by the AMC. currently organized into a headquarters element and
Anniston Army Depot in Anniston, Alabama, 10 major subordinate commands. Figures 2-2 and 2-3
is an AMC government-owned, government- and Exhibit 2-1, which are from the September 1992
operated plant. AMC Command Brief, depict the command organi-

", Government-owned, contractor-operated zation, location of subcommittee headquarters, and
plants. These physical facilities and their major missions.
missions and products are owned by the AMC, Each majorsubordinate command has itsown areas
but the plant is operated by employees who of responsibility, and is furtherdividedintosubordinate
work for a plant contractor. Sunflower Army commandswhichcomprisethedepotsarsenalsprov-
Ammunition Plant, at DeSoto, Kansas, (2 ing grounds, laboratories, ammunition plants, tank
military, 24 DACs, and 697contract employees) factories, and activities. The AMC isalsoresponsible for
is an active government-owned, contractor- anumberofseparatereportingactivities(SRAs),which
operated plant. include schools such as the U.S. Defense Ammunition

"* Contractor-owned, contractor-operated opera- Center and School; and centers for packaging, storage,
tions. Private-sectornmanufacturersbuild,own, and containerization. Discussing the AMC organiza-
and operate these plants, and sell the specificd tion as of September 1992 is fraught with difficulties.
products directly to the AMC. An example of Quite simply, due to army down-sizing, the AMC
a contractor-owned, contractor-operated op- organization structure is constantly changing. Major
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HO

ATCOM STRICOM AMCCOM TACOM CECOM

MICOM DESCOM I.ABCOM TECOM USASAC

MICOM

ACCOM: Armament. Munitions. and Chemical MICOM: Missile Command
Command SRA- Separate Repoting Activity

ATCOM: Aviation and Troop Command STRICOM: Simulation Training Instrumentatlon
CECOM: Communications-Electronics Command

Command TACOM: Tar*-Automotive Command
DESCOM: Depot System Command TECOM: Test and Evaluation Command
LABCOM: Laboratory Comman USASAC: Security Assistance Command

Fi. 2-2- The organizational structure of the Army Materiel Command as of September 1992.

restructuring activities include combining the seven Once TRADOC formulates the materiel require-
laboratories under the former LABCOM into the Army ments, the concept can progress through the research
Research Laboratory, similar to the combining of and development stages. Until 1987, thecommanding
DESCOM and AMCCOM (which is discussed later in general of the AMC was the authority for weapons
this chapter). As of September 1992, AMC activities development; howevera majorshift was madegiving
consistedof 139organizations(10ajorsubccmmands), decision-making authority to an individual in the ci-
43programmanagement offices, 29 separate reporting vilian defense acquisition sector, who would have
activities, 3 arsenals, 17 depots, 4 proving grounds, 7 undisputed authority over the process. The oversight
laboratories, and 26 ammunition plants, which are for the development of weapons systems has been
located at 66 installations in 40 states and 6 countries, merged intoa single Industrial Operations Command,

In 1973, army leadership almost totally redirected which will oversee base realignment and structures
its mechanisms for weapons development, manufac- (Exhibit 2-2). The AMC is projected tabe reorganized
ture, and acquisition, giving virtually all theserespon- in 1996 (Figure 2-4).
sibilities to the AMC. TRADOC became responsible The oversight for the development of weapors sys-
for the development of doctrine and combat concepts tems has been divided: the assistant secretary ef the
for new materiel. TRADOC is, therefore, responsible army for research, development and acquisit-:.on
for recognizing a perceived enemy threat and deter- (SARDA) administers major systems, which are de-
mining what weapon capabilities are needed to ad- fined as those costing more than $200 million for
dress that threat. These needs are then communicated research, development, testing, and enaluation; or $1
to AMC, the command with the re.ponsibility for billion for procurement; the AMC administers the
translating requirements into acquired materiel. minor weapons systems.' Theresearchdevelopment,
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EXHIBIT 2-1

MAJOR MISSIONS OF ARMY MATERIEL COMMAND HEADQUARTERS'

AMC Headquarters, Alexandria, Virginia
Provides functional support such as legal assistance and infrastructure management

CECOM, Fort Monrmouth, New Jersey
Proponent for all Communication-Electronic Programs

TECOM, Aberdeen Proving Ground, Maryland
Tests and evaluates all types of equipment, from small soldier items to major weapons systems

Army Research Laboratory (previously LABCOM), Adelphi, Maryland
Exercises command and control over all army research laboratories; focuses on research, exploratory
development, and analysis

USASAC (collocated with AMC Headquarters)
Proponent for all foreign military sales; receives functional support from the Program Manager (PM) and
Program Executive Officer (PEO) offices on specific weapon systems

STRICOM (previously PM; Trade and PM; Instrumentation, Target, and Threat Simulation [ITTSi); Orlando,
Florida
The army's focal point for simulation, training, and instrumentation

MICOM, Redstone Arsenal, Huntsville, Alabama
Manages the development, acquisition, fielding, and sustainment of all army missile systems

ATCOM, St. Louis, Missouri
Focuses on development, acquisition, and fielding of aviation systems and individual troop items

AMCCOM, Rock Island, Illinois
Primarily responsible for development of weapons, munitions, and chemical equipment

TACOM, Warren, Michigan
Equips the army with both tracked and wheeled ground mobility equipment

DESCOM, Chambersburg, Pennsylvania
Oversees all depot operations

"As of September 1992

EXHIBIT 2-2

ARMY MATERIEL COMMAND
RESTRUCTURING ACTIITIES

Close seven depots

Close seven ammunition plants

Create the Army Research Laboratory

Create the Army Industrial Operations Command

Create the Aviation and Troop Command

Create the Missiles, Amaments, and
Chemical Command

"As of Septcnber 1992
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HO
AMC

ATCOM TACOM CECOM Armaments &
Chemical

Command

Aumy Research TECOM STRICOM USASAC Operations
Lbomto [jJCommand

ATCOM: Avistion and Troop Command STRICOM: Simulation Training Instrumentation
CECOM: Communications-Electronics Command

Commanid TECOM: Test and Evaluation Command
SRA: Separate Reporting Activity USASAC: Security Assistance Command

Fig. 2-4. The Army Materiel Command organizational structure projected for 1996 assumes that the restructuring activities
shown in Exhibit 2-2 are implemented.

.-.

Fig. 2-5. US. Army reservists at a DESCOM depot activity ready US. Air Force bombs for shipment.
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Blue Grass Army Depot SenecaArmyDepot. Seneca Army Depot, Romulus,
New York, also under the command and control of

Blue Grass Army Depot, located near Lexington, Letterkenny Army Depot, stores, maintains, and de-
Kentucky, overhauls communications security equip- militarizes ammunition. It is the army's only site for
ment and has an extensive mission for assembly of overhauling and upgrading DoD owned industrial
communications-electronics sets, kits, and outfits. The plant equipment.
Blue Grass facility, 2 miles south of Richmond, Ken-
tucky, is a storage site for conventional and chemical Red River Army Depot
munitions and clothing and textiles. It also runs the
army's only environmentally approved "washout" Red River Army Depot, a multimission depot located
facility, which recovers explosives from munitions for in Texarkana, Texas, is the primary depot for the over-
future use. A government-owned, contractor-oper- haul and repair of light armored vehicles (M113 family),
ated maintenance facility for communications and M2 and M3 Bradley Fighting Vehicles, M90IAI Ir-
electronics materiel is also located at Lexington. proved TOW (tube-launched, optically tracked, wire

command, link guided) vehicles, Chaparral, Multiple
Corpus Christi Army Depot Launch Rocket System, and M981 Fire Support Team

Vehicles (Figure 2-9). In addition to its maintenance
Corpus Christi Army Depot, located on the US. mission, RedRiverisanAreaOrientedDistftutiondepot,

Naval Air Station in Corpus Christi, Texas, repairs, providing supply support to the central United States. It
overhauls, and maintains the army's helicopters, in- also stores and maint2ins conventional ammvunition.
cluding the UH-1 Huey, AH-1 Cobra, and UH-60A
Black Hawk; the depot is DESCOM'sCenterof Techni- Tobyhanna Army Depot
cal Excellence for the AH-64 Apache attack helicopter.
The depot's aircraft mission covers not only mainte- Tobyhanna Army Depot, Pennsylvania, is the larg-
nance of helicopters but also associated aeronautical est communications and electronics repair facility in
equipment. Corpus Christi Army Depot is the largest the army. The depot maintains equipment such as
industrial employer in south Texas, with more than radio and radar systems, airborne surveillance and
4 000emplyees. Itwasthefirst.depot to establish a 24- navigation equipment, signal intelligence, and satel-
hour aircraft maintenance "hotline" providing iime- lite communications systems used by all DoD activi-
diate, worldwide maintenance, ties, and is the U.S. Army's Center of Technical Excel-

lence fortacticaland strategic satellitecommunications
Letterkenny Army Depot systems, automatic test systems, and space communi-

cations. It is the only depot with an approved Ground
Letterkenny Army Depot, Chambersburg, Pennsyl- Control Approach radar antenna pattern range able to

vania, is the prime maintenance depot for self-propelled support the radar requirements of all the armed forces.
and towed artillery, light recovery vehicles, and air-
defense giuided missile systems such as the Improved Tooele Army Depot
Hawk, the Forward Area Alerting Radar, and the Patriot
Air Defense Missile System. Employees there work on Tooele Army Depot, Utah, overhauls army tactical
equipment supporting the Army's Patriot and Hawk air wheeled vehicles, power generators, rail locomotives,
defense missile systems. Additionally, the depot as- andRedeyeantiaircraftmissiles.Tooelestoresandmain-
sembles Sparrow and Sidewinder missiles for the tains both chemical and conventional munitions and is
U.S. Air Force. Letterkenny is also the prime overhaul the home of the $64-million prototype Chemical Agent
depot for upgrades to the self-propelled howitzer. Munitions Disposal System, which safely disposes of
Letterkenny also provides procurement support to US. lethalchemical munitic .,s. The Ammunition Equipment
Ar"my Europe and maintains, stores, and demilitarizes Directorate desigrns and fabricates special-parpose am-
conventional ammunition in CONUS (Figure 2-8). munition handling and production equipment, Addi-

SavaraaArmyDepoActivity. Savanna Army Depot tionally, Tooele has two unique missions: it is the only
Activity, Illinois, under the command and control of DoD installation with thecapability to repairand over-
Letterkenny Army Depot, stores and ships conventional haul topographic equipment and military locomotives.
ammunitionand war reserve materiel. The U.S. Defense Pueblo Army Depot Activity. Pueblo Army Depot
Ammunition Center and School, a tenant at Savanna, kctivity, Colorado, is commanded and controlled by
is the only DoD school that provides ammunition train- Tooele Army Depot. Pueblo stores chemicalt muni-
ing to civilian, military, and foreign students. tions and is scheduled to be the location of a chemical
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weapon demilitarization facifity todestroy theseweap- East including management of repair and overhaul
ons. The Pershing II missile system was demilitarized contracts with private industry, coordination of the
by the depot activity under the Intemstediate-Range army's warranty and modifications work-order pro-
Nuclear Forces Treaty. The depot operates a reposi- grams, and total-package fielding. D-SAFE also fabri-
tory for the storage of precious metals received from cates and repairs all sizes of pneumatic tires.
states west of the Mississippi River.

Umatilla Army Depot Activity. Umatilla Army Armamxent, Munitions, and Chemical Command
Depot Activity, Oregon, is also under the commznd
and control of Tooele Army Depot. Umatilla stores The AMCCOM, ' eadquartered at Rock Island Ar-
chemical weapons and is scheduled to be the location senal, Illinois, is the second-largest of the AMC subor-
of a chem.ical weapon demilitarization facility to de- dinate ccmmands. It has commaand and control of 38
stroy those weapons. installations and activities in 25 states and employs

m~ore than 500 military, 18,000 DAC, and 20,000 con-
European Redistyilnition Facilities tractor personnel (Figure 2-10). With an annual oper-

afing budget of over $5 billion and with assets worth~
The European Reditribution Facilities (ERFs) are lo- over $44 billion, AMCCOM is equ~valent to the United

cated at Boeblingen, Hausen, and Nahbollenbach, Statess 72nd largest production corporation and the
Gerniaa . Tlxe ERFs' mission is to receive class IX (sparee 8th largest in assets.'
and repa& parts) exciess, serviceable and unserviceble, AMCCOM's mission Ln5 to develop and produce the
econom-ically repairable materiel, including Automatic most advance~d gunis, bullets, and cherrical weapons for
Return Items, and to distribute them to in-theater repair United States and allied forces. This mission, accoin-
end storage sites, Defense Reutilization and Marketing plished through research, development,and engineer-
Offices, or CONLIS repair or storage depots. ing, has three leveis of responsibility: total, primary,

and support. When AMICCONI has total responsibility,
DESCOM Support Activity, Far East the command manages the entire development, pro-

duction, fielding, and support for the system. Ex-
Located in South Korea, the DESCOM Support aiv-.es of projects totally supported by AMCCOM

Activity-Far East (D-SAFE) contracts with Korean in- include the M198 howitzer, the M16-series rifle, and
dustry to perform makilcnance on combat vehvcles. the M40) chemical-protective mask. Wher AMCCOM;
tactical vehicles, and communications-electronics, has primary responsibility for a program, the comn-
equipment. It perfarmsa variety cf missions in the Far mand manages the overall program but obtains sxti-

AMCCcO RWSA.LUTIOftS AI4O ACUMMTE3

CA~sO.M±ODAua

*1%&WrWZAP~
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port from othier commnudity commands. The M109 A ballistic test rangeat ARDEC isa safe, all-weather,
self-propelled howitzers and the lightweight chemnical environmentally acceptable facility for testing large-
decontamninaiion systein are two examptes of weapons caliber ammunition. Technicians at the Fange can
developed under AMICCOM's primary support. Fi- photograph a fired projectile, which aids in the study
nally, when AMCCQM* hzs svsyport responsibility, the of its free-flight characteristics.
command assists other AMC commodity commands ARDEC'smission includesdevelopingpropellants;.
inappropriate areas oflexperltise. Thas, for the Bradley explosivess, pyrotechnics, and fuzes, arid supports the
Fighting Vphicle and the Ab.-am's main hattle tank, army and other services in arm'ament science and
AMCCON1 as~is~ed the tank-automotivecorrrmand by technology. The center is also involved in liquid
supplying the ar-mam-ent, fire controli, ammunition. aind propellant and electromvagnetic gun technolog.
related support equipment needed on thes;e systems.' Rock Island Arsenal. Rock Island Arsenal, located

at Rock Island, Illinois, is the largest weapons m anti-
Installatiorns ýind Activities facturing arsenal in the North Atlantic Treaty Orga-

nzat-ion (NATO) alliance. It produces recoil mecha-
Two of AMCCOM's centers-the Chemical, Re- nisms and sun mounts for most of the howitzers and

.earch, Deveiopmnent, and Engineering Center tanks norw fielded and manufactu.-es the carriage for
(CRDEC) and the Arrmament Research. Development, and completely assembles the Ml 19 and M19.3 how-
and Engineering Center(ARDEC) develop rxw weap- itzers. During Operation Desert Storm in 1991, the
ons, theothc-rAMCCOM installationssustarn thereadi- arsenal received orders for nearly 18,000 components,
nessef combat forces. AMCCCM's three governmen~t- 60% of which supported the M193 howitzer.
.>wned, govenmment-operated arsenals-Rock Island. the arsnal produces .3 prototype 105-mm recoil
Watervlkil,and Pine Buff-performa variictyof manu- mechanism arnd cradle for the air force's AC13OU
iacti: ring missions that are central h) that effort. gunship. and manufactures critical castings and

ine Chenical Rescard,, Derelopn:._-t, end Engi- forgings for the navy. It also assembles and ships most
neerii~g Center. CRDEC, located at Aberdeen Proving of the army's cornxnon and special tool kits and basic-
Ground, Maryland, is one of two facilities that incor- Lsue-item sets to troops worldwide.
porates advanced techriology Into the materie! tha! Waier-mielArsenal. Watervliet Arsenal, located near
AMCCOM maintains. CRDEC develops c'hernical Albany, New York, is thecenterfor theproduction and
prograue- apd smoke and other obscurant systems proourementof can.-wrs fortanks, howitzers,racuilless
within the DoD Current CRDEC projects indludc r~ls, mortars, breech mechanisms, asd spare parts. ft
developing sensors that will detect and identify ail house a $1 5-million, computerized, flexible manu fac-
known and projected types of biochemical agents, and turing system that is one off the most modern heavy-
willwurnd a waraingalarm wbeneversuch an agent is manufacturing facilitie in the United States. This
present. Specialists at CRDE-C are aLso working ots series v4. inerconnected machining Zools produces a
new protective gear that will be easier to rvearand use, finished breech block from a block of raw steel, using
and will be fully compatible with the combat systenms a unique rotary forge that turns out rough forgings, in
ef ihe21!AtŽ,rury. In 1991, AMCCOM provided more 10 minrt~t-rakIhe~rtha the previous 10 hours. Invest-
than 290,000 chemical prolective rnw-sks and'. the Fox ments such a!s this have ytieded the efficiency neces-
Nudear, Biological, Chemical ReconnaissanrceSysieniL sary for cost-effective~, low-rate,. peacetime produiction.
to United States troops during Operation Desert Storm. Pine Bluff Arsenal, Fine Bluff Arsenal, located at

The Arnvnatit R~sravch, P.velopmriet ang Engi- Pine BluffK, Arkar-sas, has primary responsibi~lity for the
neering Center. ARDEC, located At Picatinny Arsenal, productimofoismoke, inwendiary~and riot-control mruni-
Now Jersey, Is the second AMCCOM-maintained, ad- tions. Its mission also indludea tte asse-mbly, producti~on,
vanced-technologyfaciitv. ARDEC perfo~rms research, :%nd reovation of varioxft protective mask-- used by all
development, and cnjp.n*'criing on din.'ct-fire. cluse- services. Thdsarsenal was the only source of protective
(ombat systems ranging from bayonets to tank can- masks during Operation Desert Stom;. it rebuilt and
noris. The squad automatic weapon; Bushmaster 25- refurbished more than 3,5QMnsks per week. Pine Blusff
mm chain gun, usedo- nIradley Fighting Vehicles; and Arsenal ha, also been the sile for both the produictiorn
the M1 6A'_ rifle are all systemis developcd by ARDIEC. and ilke dcmiliarnization or chemical weaponi-.
Thecenteralso works on indirect fire-support systems
such as iirtilkery and mortars, weapons and ammuni- Subsidiary Activities
tion, mines., deinolitions, aiid fire control feoi amnly
weapons. ARDEC is the leadet- in tht! development of AMCCOMs-responsibilitiescontitnueaftersysterns
prctision and "smart" munitiorz. are produced or procured. The command remain~s
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responsible for fielding, maintaining, and repairing Plant (MAAP) in Oklahoma. CAAP produces ammu-
materiel. Support in these areas is provided by the nition for the navy and is the only facility capable of
National inventory Control Points and the National machining 16-in. battleship projectiles. It also has the
Maintenance Points located at command headquar- world'sonly plant forconverting obsolete whitephos-
ters. The National Inventory Control Point for arma- phorus munitions into phosphoric acid. MAAP pro-
ment and chemical systems performs a variety of duces ammunition (primarily for the navy and air
supply management functions ranging from data and force); renovates, maintains, and demilitarizes ammu-
inventory management to 5ecurity assistance. More nition; and operates depots. The plant is capable of
thaor800,OCi'custo.nerrequisitionsareprocessed yearly producing explosive-loaded bombs ranging from 500
for equipment, repair, and secondary items (eg, a to 2,000 pounds. During Operation Desert Storm,
nonstandard radio antenna that was developed for McAlester shipped more than 45,000 short tons of
special operations); the average processing time is less bombs to southwest Asia.
than I day. The National Maintenance Point forarma- Most AMCCOM ammunition plants, however., are
ment and chemical systems provide_; maintenanceand government-owned and contractor-operated, and per-
engineering support, produces technical publications, form four functions: small-arms production; propel-
conducts new-equipment training, prepares fielding lant and explosive production; metal-parts produc-
plans, and manages maintenance and support activi- tion; and loading, assembling, and packing (LAP) of
ties. AMCCOM developed and shipped more than finished rounds. Technology at the command's am-
78,000 copies of technical manuals to United States munition plants ranges from hand assembly to state-
forces during Operation Desert Storm. The National of-the-art modern automated systems.
Inventory Control Point, separate from the National Some plants perform unique functions for the DoD.
Maintenance Point, manages ammunition and serves For example, Lake City Army Ammunition Plant
as the operational element of the single manager for (LCAAP) in Missouri currently produces virtually all
conventional ammunition. (The single manager is a thearmy'ssmall-caliberaminunition. LCAAPshipped
multiservice DoD concept; for example, AMEDD is over 320 million rounds of ammunition to troops in
the single manager for medical supplies.) These two southwestAsia duringOperation DesertStorm. Long-
organizations integrate materiel management, inven- horn Army Ammunition Plant (LAAP) in Marshall,
tory man.gement, maintenance engineering, 1. ting, Texas.wasoneofthedemilitarizationsitesforPershing
malfunction investigation, and demilitarization of missile rocket motors. This mission, performed in
ammunition. accordance witha Soviet-American arms-control treaty,

Astheprincipal fie!d-operatingagency for thesingle was accomplished September 1988 to June 1991.?
manager for conventional ammunition, AMCCOM is Another AMCCOM mission is to support the central
responsible for the development and oversight of the management of significant acquisition programs. Two
budget for ammunition hardware, and for the pro- project managers report directly to the commander of
curement, production, supply, maintenanceand reno- CRDEC and four others report directly to the com-
vation of conventional ammunition for the other mili- mander of ARDEC. Matrix support (specialists from
tary services. For 1992, 80% of the AMCCOM many organizations working together as a team) is
production budget was allocated for ammunition. provided to many Department of the Army (DA)

The command is also responsible for the storage of program executive officer PEOs). Since the PEO
2-2 million short tons 0ie, 2,000 lb. a long ton is 1,000 kg, concept's inception, AMCCOM has supported the PEO
or 2,240 lb) of ammunition, and for shipment and armaments: which are located at Picatinny Arsenal.
mobilization planning for all services. During Opera- Recently, AMCCOM expanded its support to PEOs,
tion Desert Storm, AMCCOM (as the single manager) project managers, major subordinate commands, and
shipped more than 453,000 short tons of ammunition other military services by establishing an industrial
to troops in southwest Asia. Ammunition production base acquisition advocate. As the command's focal
is largely accomplished by AMCCOM's ammunition point, theadvocate assists in formalizing theuseof the
plant system. There are currently 27 such facilities, 16 industrial base--thearsenalsand ammunition plants-
of which are active. During the next 5 years, seven within acquisition strategies.
more plants will be inactivated At some inactive AMCCOM's other major, field-operating elements
plants, rrivate cont.actors are being granted permis- perform varied services. For examp!c, the Central
sion to use portions of the facilities for non-DoD work. Ammunition Management Offrice. Pacific, located at

Two plants are government owned and govern- Fort Shafter, Hawaii, provides centralized ammuni-
ment operated: Crane Army Ammunition Plant tionlogistics managementforthePacificTheater. The
(CAAP) in Indiana and McAlester Army Ammuniticn US. Army Defense Ammunition Center and School
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(USADACS), located at Savanma Army Depot Activity, assigned to the AMC, 33 have responsibilities prima-
Illinois, provides training and career management for rily related to providing medical expertise for specific
ammunition managers and quality assurance special- AMC program areas (Table 2-2). For example, the
ists ammunition surveillance (QASAS), and technical major duties of the occupational medicine officer as-
assistance and engineering se-vAces for the storage and signed to the Program Management Office for
transportation ofammunition- DuringOperation Desert Chemical Demilitarization include providing medical
Storm, QASAS personnel ensured that ammunition was expertise for chemical demilitarization (eg, of surety
tran.ported, stored, issued, and used safely in south- agents). This occupational medicine officer is not
west Asia. They also provided surveillance during the responsible for providing healthcare services or man-
retrograde of ammunition (the return to CONUS of for- aging health programs. Of the eight remaining medi-
ward-deployed ammunition). More than 100 QASAS cal personnel assigned to AMC headquarters staff, six
personnel served OCONUS to support United States are assigned to the Office of the AMC Command
troops in southwest Asia,and another42provided state- Surgeon, and one each is assigned as Command Sur-
side support at ports, camps, and stations. geon for DESCOM and AMCCOM. Their duties are

USADACS administers the Technical Center for the same as the Office of the Command Surgeon, but
Explosives Safety, which executes the army's explo- on a smaller scale.
sives safety policies, programs, standards, and proce- The AMC Surgeon is the principal officer respon-
dures to provide maximum protection to people and sibleforadvising thecommandinggeneraloftheAMC
property. and his or her staff on all health issues that affect the

AMCCOM's Customer Support Directorate's mis- command (Figure 2-11). The command surgeon's
sion is to provide customer and materiel support in all office is also responsible for developing and imple-
issues that affect the field readiness of weapons sys- menting command policy, which assures the preser-
tems. The Readiness Analysis and Customer Feed- vation of the health of the workforce and the preven-
back Center gathers, assembles, and analyzes readi- tion of disease and injury, addresses health issues
nessinformationreceived from the field- Theymaintain within the health hazard assessment (HHA) process,
an accurate, current, technical-support database, and provides for the control of pests and the preservation
track and report emerging trends (which are then of war stocks, and ensures the medical portion of
coordinated with f-nctional directorates for resolu- nuclear and chemical surety operations.
tion). Customer Support also plans and executes ma- Most medical support for the AMC is provided by
teriel findings, and provides training on new equip- medical units not organic to the command. For ex-
ment to support force-modernization programs. They ample, the U.S. Army Medical Materiel Activity
distribute new equipment, which is delivered ready (USAMMA) provides logistics; the Medical Research
for immediate field use. State-of-the-art video equip- and Development Command (MRDC) provides medi-
ment enables new-equipment training teams to pro- cal research and development; the U.S. Army Environ-
vide soldiers with maintenance training programs. mental Hygiene Agency (USAEHA) provides health

Soldiers and civilians from the U.S. Army Technical consultation;and the HealthServicesCommand (HSC)
Escort Unit, located at Aberdeen Proving Ground, providesdirect support (clinical, pharmaceutical, pre-
Maryland,canprovideemergencyresponseforchemi- ventive medicine, and industrial hygiene). The cre-
cal-munitions and -agent incidents worldwide. Unit ation of the HSC in 1973 greatly lessened thecontrolof
members also escort all DoD chemical agents. During medical resources of both the AMC surgeon and in-
thereturn of forces from EuropeafterOpertion Desert stal!ation commanders. All medical personnel and
Storm, Technical Escort Unit members were instru- equipment were placed under the command of the
mental in planning for and safely removing more than newly designated medical centers (MEDCENs) and
100,000 chemical artillery projectiles from Germany to medical department activities (MEDDACs). Through
Johnstor Island in the Pacific. these activities, the HSC operates 36 clinics and two

hospitals on AMC installations (Table 2-3). The U.S.
Office of the Army Mate' )mmand Surgeon Navy supports one installation (Crane Army Ammu-

nition Activity) and a contractor operates one clinic
AMEDD supports the AMC in three major areas: located at a depot (Corpus Christi Army Depot). Al-

technical and professional input for specific AMC though on-site contractors may operate the clinics at
program areas, staff management of AMC medical pro- the ammunition plants, the USAEHA provides occu-
grams, and delivery of healthcare services to military pational and environmental health servrices to these
and civilian employees. Of the 41 AMEDD personnel plants. However, the quality of healthcare that the
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TABLE 2-2

ARMY MEDICAL DEPARTMENT STAFF ASSIGNED TO THE ARMY MATERIEL COMMAND

Location Number on Staff

HQ AMC
Office of the Surgeon 6
Environmental Quality 3

AMCCOM 2
Edgewood Research, Development, and Engineering Command 5 (3 authorized)

AVSCOM/TROSCOM 1
Natick Research, Development, and Engineering Command 5 (7 authorized)
Belvoir Research, Development, and Engineering Command I

CECOM I
DESCOM I

LABCOM 4
Materiel Testing Laboratory 1

TECOM I
Cold Regions Test Center I
White Sands Missile Range I

Science Technical Center, Far East 1

Science Technical Center, Europe. 1

Program Manager, Saudi Arabia National Guard 5

US Army Chemical Materiel Destruction Agency 1

TOTAL 41

contractor provides to his workforce is not a responsi- experienced in providing out-patient healthcare. Per-
bility of the army. The physicians, nurses, industrial sonnel untrained in professional occupational health
hygienists, and medical technicians, who provide di- who must perform staff functions (such as monitoring
rect patient care in clinical medicine and occupational the effectiveness of occupational health programs and
health to the AMC workforce, report to a heatal thare quality of healthcare) areput in',hepositionofserving
facility within the HSC. By monitoring theseservices several masters (the installation commander, the
and providing guidance regarding the command's MEDDAC commander, and the patient) whose inter-
medical policies and health priorities to HSC medical ests could conflict Furthermore, the current DoD
personnel and installation commanders, the AMC system for assessing workload fails to provide any
Surgeon is integral to occupational health. incentivefora medicalstafftoemphasizeoccupational

It is detrimental to occupational health to use the health. Certainly, when the budget is stringent, per-
same healthcare professional to provide both occupa- sonnwel resources for direct patient care are more easily
tional health and clinical patient-care services. This justified than those for occupational health; but then
doubling of responsibilities requires that a healthcare the installation commander, who is responsible for
professional function both as staff officer and action protectingthehealthofhisorheremployeeswillhave
officer. Because staff and action services are quite no one monitoring the programs related to occupa-
different, the mission would bebetter performed if the tional health.
responsibilities were separated. Specifically, civilian Historically, the healthcare provided at AMC in-
and military physicians and nurses assigned to duties stallations hasbeen Lnsufficient and fraught with prob-
within the AMC usually have no special training in lems. Most clinics are small and often are not staffed
occupational health; however, they usually are very sufficiently to assure that both the primary healthcare
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F Comn'Ld Surgeon

Occuptoa noretlNda Haar Medca Indusral

SURGEON* SURGEON"

Position Duties Position Duties

Occupational Health Officer Medical advice and consultation Health Hazard Assessment Manage AMC Health Hazard
" Occupational and preventive Officer Assessment program

medicine Health consultation
" Clinical medicine 0 Health risks of developmental items
"o Prophylactic immunizations 9 Health risks of fielded items
* Human use research protocols MANPRINT

Monitor health services provided o Health representation of system
by HSC for adequacy of safety and technical integration
services and staffing working groups

Training of resident physicians Medical function area analysis

Environmental Science Officer Health consultation Medical Entomologist Health corsultation
" Ch.ld development services " Pest surveillance and control

Food service and personal * Pesticide storageand disposal
sanitation * Pesticide war reserves

* Field and garrison water supply * Subsisterne items development
Wastewater, solid and arod storage
hazardous waste disposal Monitor AMEDD health support

"H Health risk assessment in Monitor handoff and deployment of
environmental contaminatien mediclly developed items
control

* Hazardous waste minimization industrial I *ygienist Industrial hygiene consultation
Occupational health partnevship ' Workplace exposures

unit cost review * Hazard information
AMEDD health serices support 0 Hazard identification and control
AMEDD personnel management ' Health risk

issues Monitor AMEDD hcalth services
Administrative officer for AMC support

surgeon Monitor compliance with OSHA, state:
and army regulations

Nuclear Medical Science Kadiologicat health consultation Technical oversight of compliance
Officer lorizing and nonionizing radia- monitoring

tion, including lasers Chemical surety hazard control
Exposure control
Waste disposal and contamina-
tion control

* Decntamination
" Health risk assessments

Human use research p.-otocols
Monitor AMEDD health services

support
Compliance oversight
Nuclear surety Lnspections

"The dotted connecting line denoteg a noncommand technical supervisory relationship

Fig. 2-11. Structure of the Army Materiel Conimand AMEDD staff.
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TABLE 2-3

HEALTH SERVICES COMMAND MEDICAL FACILITIES WITHN THE ARMY MATERIEL COMMAND

Command Facility Command Facility

AMCCOM Rock Island Arsenal DESCOM Anniston Aimy Depot
Pine Bluff Arsenal Corpus Christi Army Depot
Watervliet Arsenal Letterkenny Army Depot
McAlester Army Ammunition Savanna Depot Activity

Plant Red River Depot Activity
Picatinny Arsenal Lexington Blue Grass Army Depot

AVSCOM/TROSCOM St. Louis (2) Sacramento Army Depot

Natick Research, Development, Tobyhanna Army Depot

and Engineering Center TobeIC Army Depot
CECOM Ft. Mo-.nouth (hospital) Tooele Army Depot

Ft. Wingate Depot Activity

LABCOM Harry Diamond Laboratories Pueblo Depot Activity
Materials Technology Laboratory Umatilla Depot Activity

MICOM Redstone Arsenal (hospital) TECOM Aberdeen Proving Ground
Dugway Proving Ground

TACOM Detroit Arsenal Jefferson Proving Ground
Selfridge Air National Guard White Sands Missile Range

Bureau Yuma Proving Ground

and the occupational health missions car. be accom- specificoccupationalhealthservicesand then to trans-
plished. During the spring of 1992, the commarnding fer sufficient operating funds to the HSC clinic to
generals of the AMC and the HSC decided that enter- provide adequate staffing. Brooke Army Medical
ing into a new joint partnership was the only way to Center (BAMC) at Fort Sam Houston, Texas, and the
ensure that the occupational health services available four AMC installations within the BAMC region (Cor-
are both appropriate and sufficient. This partnership pus Christi and Red River Army Depots, McAlester
provides for the AMC to contract with the HSC for AAP, and Pine Bluff Arsenal) will test this initiative.

MOBILIZATION AND DEPLOYMENT

Mobilization is the process of preparing ior war or tion during Operation Desert Storm was only partial;
other emergencies by assembling and organizing na- the United States has not been totally mobilized since
tional resources. It encompasses all activities neces- World War II. Then, raw materials and food were
sary to move, systematically and selectively, from a rationed; jobs previously performed by healthy, expe-
normal state of peacetime preparedness to a wartime rienced men were performed by women and men who
fighting posture. Deployment is the physical move- were categorized 4F (partially disabled); and all major
ment of a military force to the site of an actual or industries developed and produced materiel as rap-
potential conflict. Both mobilization and deployment idlyandinas great quantities, as possible. Thearmy's
are resource intensive, especially of personnel. Any current occupational health stance was developed
personnel-intensiveaction, especially one that must be during this period as a response to the need to keep the
performed expeditiously, requires medical support. industrial workforce as healthy as is practicable.
Adequate and timely medical support can only be
provided with appropriate planning. Mobilization as a Detemnt

How does the study of occupational health relate to
mobilization and deployment? AMEDD personnel The capability of the US. Army to mobilize and
must understand the impact that total mobilization for deploy its active force rapidly and efficiently is essen-
war would have on occupational medicine. Mobiliza- tial to deterring potential enemies and ensuring our
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allies of our support. Coordination of mobilization reserveequipment, andmobilizeallorpartoftheUnited
planning is crucial to achieving such a goal. Potential States's industrial base to build new equipment
enemies must be convinced that the United States can
quickly mobilize and deploy active- and reserve-corn- Mobilization of the Reserve Component
ponent combat forces in sufficient time to influence the
early stages of conflict. The reserve components must The deterrent value of the US. Army's reserve
be visibly able to mobilize in the required time, at the component is predicated on its combat power, readi-
right place, and in the state of readiness necessary to ness, and ability to mobilize and be deployed rapidly
meet, the threat. The DoD has the responsibility for enough to influence the early stages of a conflict. An
developing and executing plans for national defense. effective deterrent must be clearly evident to a poten-
The secretary of defense and the joint chiefs of staff tial enemy. The capability to mobilize rapidly is cru-
provide guidance to the commanders of the unified cial to effective deterrence; it is the means by which
and specified commands charged with developing the political or military intent is translated into usable
capability plans to meet various potential threats. combat power. A ready mobilization capability dem-

Mobilization includes options for deterring war onstratesresolveandnationalcommitment;itnotonly
and, should deterrence fail, for enhancing for.v readi- deters enemies but also assures allies that the United
ness,deployment,and sustainment Forcesustainment States has both the capacity and the will to stand by its
includes both transporting and maintaining materiel commitments.
and personnel (providing medicalcare). Thecomplex-
ity and magnitude of the mobilization process make Readiness
sound planning essential. The DoDgs Master Mobili-
zation Plan provides the framework for making and Thedeterrent valueofmobilizationresidesnotonly
implementing mobilization decisions to support mili- in the readiness of the active and reserve components
taryoperations. Italsoprovidesguidancefordetailing but also in the resolve and preparedness of military
plans tosupport themobiization process for the DoD. and civilian leaders to rapidly expand the military
This plan assigns responsibilities and describes activi- capability of the United States. Civilian manpower
ties and organizational relationships and the DoD's mu'• readily be converted into military units, and
planning and execution process. Simply stated, this civilh.., industrial production must readily be con-
plan describes what is to be done and who is to do it. verted to wartime industrial capacities.
How the various tasks are to be done is explained in TheUnitedStatesmust, first, havethewilltosustain
detail in the subsequent levels of planning, except that an expanded or protracted war against numerically
tasks that require the secretary of defense's decisions superior forces and, second, be able to conclude the
are in the DoD plan. The joint chiefs of staff, the conflict on terms favorable to this country and its
uniformed services, and the defense agencies all de- allies. To accomplish these goals, the military estab-
velop their own planning systems, consistent with lishment places great confidence in the capacity of this
DoD guidance. The entire mobilization planning pro- nation to redirect its civilian economy to expand and
cess will eventually be linked by a mobilization plan- sustain military power through the readiness of its
ning management system. transportation system, war reserve stocks and strate-

Of course, mobilization planning is only one small gic stockpiles, personnel, and support base.
part of the planning process. Of the several unified Ready Transportation System. The United States
commands with geographical responsibility (the Eu- must maintain civil and military land, sea, and air
ropean Command IEUCOMI, the Central Command transportation systems that not only fulfill thenation's
ICENTCOM],theSouthernCommand [SOULHCOM], peacetime economic and military needs but are also
and the Pacific Command [PACOMI), a large part-of capableofmeetingandsustainingamobilizationsurge.
the headquarters responsibilities is to prepare the Constant study and planning must be conducted to
operation plans for the most probable war scenarios in ensure that new transportation facilities are provided
their regions. These plans are comprehensive: they and old systems rehabilitated in a manner that will
address not only tactical operations but also the enhance the nation's wartime mobilization transpor-
deployment, movement, and sustaimnent of troops and tation demands. The United States must have suffi-
materiel. Many military operations plans require per- cient ground transportation to transport personnel
sonnel and maternel esources greater than the active and materiel to ports of embarkation within CONUS,
forces can field. This is where mobilization plans come and sufficient air and sea assets to transport them
into play: plans to mobilize reserve units. field war- OCONUS to the area of conflict.
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War Reserve Stocks and Strategic Stockpiles. The Levels of Mobilization
United States must maintain enough zur reserves (mili-
tary equipment) and strategic stockpiles (raw materials The magnitude of the emergency governs the level
thatarenotproduceddomesticallyinsufficientquantity of mobilization. As authorized by law or congres-
to meet wartime demands) of critical resources in peace- sional resolution, and when directed by the president,
timetolastfromthetimethatinitialstocksareconsumed the DoD mobilizes all or part of the armed forces.
until the industrial base can convert to wartime footing Concurrently, the DoD and other federal agencies
and sustain the needed flow of weapons, ammunition, marshall the national resources necessary to sustain
equipment, and other essential implements of war. the armed forces.

Personnel Resources. The United States must pro- Selective Mobilization. For a domestic emergency,
vide adequately for manned reserve components that eithercongressor thepresident canorderexpansion of
are thoroughly trained and ready, with little or no the active armed forces by mobilization of reserve
notice, to engage in hi,,h-intensity warfare. It also component units or individual ready reservists (IRRs),
needs enough pretrained individuals to fill active- and or both, if necessary to protect lives and federal prop-
reserve-component units to wartime strength and to erty and functions, or to prevent disruption of federal
provide casualty replacements until the draft and the activities. A selective mobilization normally would
training base can provide trained personnel to sustain not be associated with the requirement for contin-
the wartime forces. gency plans involving internal threats to the national

Ready Support Base. Mobilization, deployment, security.
and sustainment depend on an effective support base Partial Mobilization. For a contingency operation
inCONUS. TheUnitedStates'scapabilitytoconvertto or war plan, or upon the declaration of a national
a wartime footing must be continuously assessed, and emergency, congress or the president can order aug-
remedial action must be taken where necessary to mentation of the active armed forces, short of a full
ensure the most-rapid conversion to a wartime pos- mobilization, by mobilizing up to I million members
ture. The support base includes of the ready reserve for up to 24 months.

Full Mobilization. Full mobilization requires that
"* support from federal agencies (such as the congresspassapubliclaworjointresolutiondeclaring

Selective Service System), war or a national emergency. It involves the mobiiiza-
"* expansion of the CONUS transportation, tion of all reserve component units, all IRRs, all skel-
"* expansion of the CONUS medical base, eton units within the existing force structure, and the
"• expansion of the personnel system, material resources needed to support and equip the
"* expansion of installations, expanded foice structure.
* support to and expansion of the training base, Total Mobilization Total mobilization involves
"* industrial expansion, and expanding the active forces by organizing or activat-
"• increased capabilities of the reserve component. ing, or both, (a) additional units or personnel beyond

the existing force structure and (b) all the national
The Mobilization Process resources needed, including production facilities to

complement and sustain such forces. The last time that
Premobilization the United States was totally mobilized was during

World War Ii.
Premobilization is a general term, apparently with-

out specific definition. Premobilization can be consid- Legal Basis for Mobilization of Reserve Components
ered to reflect a state of readiness only after a degree of
mobilization has been achieved. Military planners Theauthority toordermobilization resides with the
think of the U.S. Army as always in a state of president, the congress, or both. The secretary of
premobilization. If international conditions or na- defense, on the advice and recommendation of the
tionalemergencieswarrant, thepresident oftheUnited service secretaries and the joint chiefs of staff. recom-
States can activate the Presidential 200K Call-up. This mends that mobilization authority be granted to sup-
authorizes that individuals of the selective reserve- port a contingency (a situation for which no specific
up to 200,000 members from all services--be mobi- plan exists), an operation plan (a pian previously de-
lized for up to 90 days to meet the requirements • veloped by an unified command and approved by the
military contingency. Premobilization does not ha NationalCommand Authority),orothernationalemer-
a direct impact on the industrial base. gency. The secretary of defense directs the mobiliza-
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tion of reserve component units and manpower Phases of Mobilization
through the respective military departments.

For ease in describing the process, the phases of
Extension of Appointments, Enlistments, and mobilization can be described as (a) peacetime plan-
Periods of Service (Stop Loss) ning and preparation (premobilization), (b) alert, (c)

mobilization, (d) deployment, and (e) sustainment. As
Stop loss is the process by which the period of a continuous process, mobilization can proceed at a

active-duty service of any member of the armed forces deliberate pace from peacetime preparation to mobili-
of the United States is extended involuntarily for the zation (M-day), deployment (C-day), and the begin-
duration of a national emergency or declared war plus ning of the contingency operation or hostilities (13-
6 months. There are three principal situations in which day). The pace would be dictated by the deteriorating
stop loss might be invoked: international relations. Alternatively, the process can

proceed at an accelerated pace, collapsing the interval
First, stop loss is automatically invoked and between peacetime r1anning and preparation and D-
immediately effective if congress declares war day. In theeventofa surpriseattackon the United States
ora national emergency. Enlistments are auto- or her NATO allies, the process would proceed rapidly
matically extended. Reserve-component offic- and D-day would precede or coincide with M-day.
ers are appointed for an indefinite period and
are held at the pleasure of the president. If Alert, Mobilization, and Deployment
congress is in session, the president must re-
quest congressional authority to extend enlist- On receiving the order to mobilize, the army alerts
ments in any situation other than a congres- the active force and simultaneously begins the selec-
sionally declared war or national emergency. tive, partial, or full mobilization of reserve-component
If congress is not in session and the president units, manpower, and materiel within the approved
decides that the national interest so requires, force. The force, or portions of it, can augment an
the president may authorize the secretary of established theaterof operations such as the European
defense to extend, for not more than 6 months, commands or, alternatively, can augment an emer-
any individual's military status that expires gency force such as the ral t - deployment force (RDF)
before the 30th day after congress next con- in contingency operations. In any case, under the
venes. (This process occurred during Opera- general supervision of headquarters, DA, and using
tion Desert Shield.) more than 50 available mobilization stations as neces-

* Second, the joint chiefs of staff will recommend sary, active- and reserve-component units are brought
that stop loss be invoked for active-duty and to combat-ready status and are then deployed by air
reserve components when an involuntary mo- and sea to areas of operation. The services are respon-
bilization of reserve components is being sible for providing healthcare support to the active
executed. Exceptions to this policy would mobilization stations. An already active medical unit
be a presidential call-up of the national guard can provide this support, ora reserve medical unit can
in a domestic emergency or a 90-day order beactivated and assigned the task. Thismedical support
for operational missions. Both these excep- is addressed in detail in the mobilization plan.
tionsenvision a very short term of active duty. The initial resources sustain the deployed force until
State governments, however. may call up reinforcement and resupply can be affected, until the
national guard units for local and state emer- emergency is resolved, or until the industrial and train-
gencies. ing base assume a wartime footing. Active-component

* Third, the need to draft soldiers through units that are n pacinthe theater of operations are
the Selective Service System must be consid- called forward deployed initts. Other active-component
ered in consonance with the mobilization of units, most of them CONUS-based, are earmarked to
reserve components. Currently, the Military support oneormoreoperational plans. Reseive-compo-
Selective Service Act provides that individuals nent units that are ordered to active duty can be ear-
can only be inducted as a result of an act of marked either to support one or more operational plans
congress.' or to become part of the CONUS base.
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THE MOBILIZED INDUSTRIAL BASE

Current mobilization and operations plans prima- facturers of every type. Mobilization, if required to-
rily address the AMC's and AMEDD's support of day, would be characterized by
deployed combat and combat-support units. It is
possible that detailed documentation of contingency , radicalchangesin thequalitative and quantita-
plans for AMC installations during total mobilization tive nature of processes and products;
do not exist. Few if any plans describe how AMEDD * the use of old, out-dated, and possibly unsafe
will support the mobilized industrial base. What is production processes;
known is tnat (a) mostof the army's medical assets will * the development of new, untested methods
be either deployed within the combat zone orassigned and products; and
to CONUS medical facilities to care for evacuated * majordemographicalterationsintheworkforce.
casualties and (b) AMEDD personnel assigned to
the AMC installations will be responsible for support- Changes in Industrial Processes
ing the industrial workforce. If plans to support the
mobilized industrial base-especially in the fields of Upon mobilization, AMC's government-owned,
preventive medicine and occupational health-are in- government-operated plants and government-owned,
adequate, thenmedicaisupporttotheseinstallationsis contractor-operated plants would increase produc-
likely to be inadequate. Inadequate medical support tion as rapidly as possible. Full production would
could well make the difference between a healthy, require the lengthening of workshifts to as much as
efficient workforce and an unhealthy, inefficient two 12-hour shifts, 7 days per week. Production
workforce;itcould, potentially,evenmakethedifference would also be increased significantly by adding key
between effective industrial operations that provide production lines. Anumberof theplants already have
needed materiel supporttothewarfighters-and defeat. floor space designated for these additional lines, and
To provide this support wemust know two things: what the production machinery is kept in storage.
the mobilized industrial base will look like and what Increased production would be accompanied by
AMEDD can do to protect the health of the force. four important occupational health concerns. First,

Of this entire volume, the sections that follow were engineering controls already in place (especially ex-
perhaps the most difficult to prepare. The difficulty haust ventilation) are probably designed for current
was due, primarily, to the lack of pertinent, authorita- production levels. Increasing the rate of production or
tive sources of information. Only two fairly adequate the number of lines might exceed the capability of the
sources were found: (1) the transcript of a U.S. Army controls to maintain airborne levels of potentially haz-
Preventive Medicine symposium held in September, ardous substances within acceptable limits. Second,
1987, which dealt with occupational health support for increasing the number and length of workshifts would
the mobilized industrial base; and (2) the report of a place workers at increased risk from both safety haz-
survey conducted by USAEHA industrial hygiene ards (tired workers are more likely to be careless) and
personnel at an inactive army ammunition plant in toxicological hazards (the workers are exposed for
1988. What follows isnota factual, detailed discussion longer times). For example, during World War II, the
of what the mobilized industrial base would be, nor push for increased production in ammunition plants
what specific occupational health program services led to increased exposure to toxic hazards (such as
would be required. Rather, it is a general discussion of TNT) and significant increases in job-related diseases
those factors that are likely to be important for consid- from that exposure. Third, stored equipment is less
eration if AMEDD is called upon to support a fully likely to have up-to-date safety features, and equip-
mobilized industrial base. rment operators would be less likely to be adequately

For purposes of this discussion, the term industrial familiar with its operation. And (ourth, increased
mobilization refers to the conversion of peacetime pro- production and increased numbers of shifts would
ductioncapabilitiestofull-scaleproductionof military require a larger workorce, m-st of whom would be
items. Industrial mobilization would affect not only inexperienced and possibly inadequately trained,
the AMC industrial base but also private-sector manu- thereby increasing their risk of injury.
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Mobilization would also have an impact on private- The Expanded and Inexperienced Workfctce
sector manufacturers. Forexample, automobile manu-
facturers in ,he United States have agreements with Total mobilization will change the nature of the
the United States government that they will produce workforce, much as it changed during World War II.
military vehicles if requested. A mobilized automo- Obviously, the size of the workforce would have to
tive plant might begin to produce tanks. Some indus- increase dramatically to staff additional shifts, new
trieswould beasked tomakeeven moreradicalchanges productions lines, and newly opened plants. Most of
in production. For example, seven complete plant- these new employees would be inexperienced and
equipment packages for the production of cannons are require job training. The degree of urgency for the
stored at various locations throughouttheUnited States. product would be the primary factor influencing the
Duringmobilization, thesepackageswouldbebrought time available to assure adequate job training. A
out of storage and set up at private-sector factories. largely untrained, inexperienced workforce would be
Such radical changes in product would be likely to likely to experience significant injury and illness rates
pose significant risks to the workforce. if the occupational safety and health staff are not

The AMC maintains a number of mothballed am- sufficiently prepared and vigilant.
munition and other production plants. These plants The demographic characteristics of the workforce
would probably be reopened if the United States were would also be changed. The selective service draft
to enter into a protracted, full-scale war. The occupa- would probably be reinstituted, and during its initial
tonal health concernsassociated with reopening older stages, young, healthy male.; would be entering mili-
facilities are addressed in detail later in this chapter. tary service and not be available to the industrial

base. A large number of older men and women, not
Developm,-,t of New Technology and Products necessarily eligible for the draft, would probably vol-

un :eer for military service, which would remove this
The drive for increased production has always led population from the industrial base also. Thus, demo-

to advances in technology and modernization of facto- graphically, theremainingindustrial workforcewould
ties. Whenanadversaryemploysnewweaponssystems, be older, less healthy, and contain more women who,
nationseitherperish orrespond by developingsimilaror at least temporarily, would be additionally burdened
better weapons and adequate defenses. Often, the need by being single heads of households.
to develop new technologies quickly overrides the r,.Ad
to assure that safe and adequate processes and products Medical Support of the Mobilized Industrial Base
are developed. For example, in response to Operation
Desert Shield, the AMC stepped up the development All thecharacteristicsof the mobilized industrial base
of, and prepared to manufacture and deploy, more than described above would affect the need for quantitative
40 new major items. One of these was a lightweight, aadqualitativechangesinthemedicalsupportprovided
chemical-protectionovergarment,developed in response by the AMEDD. Ideally, every AMC installation would
to the possibility that chemical weapons would be used have an up-to-date mobilization plan, as is required by
in a hot, desert environment. Army Regulation (AR) 700-90, The Army Industrial Bave

Fortunately, processes were in place to thoroughly Program.' Inluded in this plan would be a detailed
review the products efficacy and safety before the gar- discussion ef anticipated changes in both processes and
ment was purchased and deployed (the HHA process, the workforce. Attached to this plan should be the HSC
which is the subject of Chapter 6, Heafth Hazard Assess- clinic's plan for supporting the mobilized installation.
ments). Had the garment been fielded without an Unfortunately, th.1s is probably not the case.
HHA, we would have learned quickly that not only did Although the nature of the occupational health
it not provide adequate chemical protection, but in the services provided might change, the greatest impact
desert heat it also provided no heat-stress advantage, would probably be in the amount of services needed.
Specifically, lightweight protective clothing needed to Each HSC clinic has what is known as a mobilization
meet two requirements: (1) the protection provided Table of Distribution and Allowances (TDA), which
needed to equal or exceed the currently fielded Battle describes required staffing levels. Because the plan-
Dress Overgarment and (2) the garment needed to pro- ning at AMC and HSC has not been well coordinated,
vide at least a 20% reduction in heat stress in the desert some TDAs for clinics are likely to be inadequatL, if not
environment. The recommended garment did neither. wholly unrealistic-.
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"* The mobilization mission at one AMCCOM has a mobilization TDA that is exactly the same
installation requires that it increase its patient as its peacetime staffing.
load up to 3-fold. Its mobilization TDA calls for
increasing medical officersby five. However, the Clearly, if total mobilization were tobe implemented
sameTDA increases the clerk typists by only tuw. under theseTDAs, it is highly probable that healthcare

"* Another HSC clinic, which could also be ex- services provided by the installation medical facility
pected to increase its workload up to 3-fold, would be substantially inadequate.

U.S. ARMY ENVIRONMENTAL HYGIENE AGENCY MOBILIZATION STUDY

To ascertain the potential for occupational health Survey Findings
problemsduringmobilization, theUSAEHAconducted
a survey of an inactive US. Army ammunition plant To project problems in mobilization, the USAEHA
in May 1988.6 The survey is included in this textbook had to make several assumptions before reaching
because it is the only report of its kind available. The any conclusions. The agency assumed that the ammu-
findings that follow may or may not be representative nition plant's mission during mobilization would
of the problems that exist throughout the army's in- continue to be the manufacturing of metal parts
dustrial base, or even at plants similar to tie one for various types of ammunition. Of course, pro-
surveyed. Even so, the report offers interesting in- duction rates would increase during mobilization
sights. from an 8-hour workday and 40-hour work week

Although the plant was classified as inactive, three to a 10-hour workshift with two shifts per day. To
production lines were in operation at that time. The adequately protect workers from overexposures,
primary mission of the plant was tomanufacturemetal permissible exposure levels (PELs) had to be calcu-
parts for various types of ammunition, which most lated to compensate for the increased production rate.
recently had consisted of 40-mm and 60-mm projec- The agency also assumed that federal and DA occu-
tiles, 81-mm mortar bodies, and grenade bodies. The pational safety and health regulations would not
secondary missions included the operation and main- be waived during mobilization. These assumptions
tenance of active and layaway facilities; the procure- directed the USAEHA to make several discoveries
ment, storage, and issue of necessa.y supplies and relating to (a) personal protective equipment (PPE),
materials; and industrial preparedness and mobiliza- (b) the respiratory protection program, (c) the hazard
tion planning. communication program, (d) the asbesto s manage-

The process flow of individual production lines was ment plan, (e) the hearing conservation program,
divided inlotwomajorareas-mortarshells/casecar- and (P occupational health and industrial hygiene
tridges and grenade bodies--although the production support.
processes were very sim, ar. The metal bar stock was
first cut into billets, blasted with an abrasive material, Personal Protective Equipment
and then heated in an induction furn.,ce. The billets
wer then surface-treated in processes such as acid The survey reported that those who worked on the
picklingoralkalinecleaningbefore theypassed through active production lines were provided dpplicable PPE
a series of progressive forging operations. The metal such as safety glasses, steel-toed shoes, and hearing
parts then progressed through metal-machining and protection. If mobilization weretooccur, theincreased
heat-treating operations before the final painting, in- workforce would also require PPE, the assignment of
spection, and packaging phases. In addition to the which presumes medical evaluations and clearances
process outlined, the greaade-body production line and necessitates a formal training and fitting pro-
included machining operations with chlorinated oil, gram.7 Without the services of adequate planning and
wet-vibratory debuiving, and nondestructive testing, support personnel such as occupational health profes-
such as ultrasonic crack testing. The USAEHA survey sionals, the potential for -mobilized workers to be as-
team ascertained the potential health jiazards associ- signed tasks without first receiving proper PPE, train-
ated with each phase of the ammunition production ing and fitting instructions, or medical evaluation
process (Table 2-4). increases.
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TABLE 2-4

ANA.LYSIS OF HAZAROS IN AN AMMUNIrTION PLANT

Operation Potewtial Health Hazard

Abrasive Blasting
Blasting parts with steel shot Total rrjisance dust

Total respirable dust
Various metals and oxides
Noise

Dip-Tank Cleaning
Treating parts it- H3,*04 solution H3PO 4 mist

Surface .reparztion
Surface iTeating parts in H2SO 4 or NaOH H2SO4

NaOH

Plating
Treating parts in H2CrO4 solution H2CrO 4 mist

Metal Finishing
Vibieting parts in abrasive stone and weak alkaline water solution Various metals and oxirles

Noise

Painting
Painting parts (electrostatic, brush, or roller) with lead and chromate pr.-ner, top Chromates

coat (lacquer, enamel), and drying in oven Lead
oin;e

Various solvents
Forging (Ccid or Hot)

Forging parts w.ith hydraulic presses Noise
Heat stress
Oil mists

tHeat Treating
Annealing parts in liquid-propane gas furnace containing an N, atmosphere, and NOx

may also contain various salts of CaC12, Ba, Na. or K Heat stress
Co
Soluble Ba compounds
Asbestos
Crystalline silica

Induction Heating
Heating parts in electric furnace Heat stress

Machining
Machining parts using cutting fluids Noise

Oil mists
Metal Ox

Shearing
Shearing or cutting metal bar stock Noise

Part Lubrication
Coating parts with graphite lubricant Graphite

Phosphate coat
Coating parts with Zn3(PO4)2 or Na3PO 4  None noted

Nondestructive testing
Ultrasonic testing of metal parts None ncted

Source: US Army Env-ronmental Hygiene Agency. Industi.,l Hygiene MaNhhir.on 'urwvy. Rirwtwnk Army Ammuniton Plant.
Rirmrbank. Calif. Aberdeen Proving Ground, Md: USAEHA: 1988. Survey 55-71-0033-891.
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Respiratory Protection Program was unfortunate because this document would have
aided significantly inesti-nating the resources required

The ammunition plant maintained a respiratory for a hearing conservation program (for example, the
protection program, which would require drastic ex- type, amount, and cost of hearing protective devices
pansion in resources on mobilization. However, if necessary; and the r-imber c. potentially exposed
engineering controls similar to those on active produc- workers requiring training and medical surveillance).
tion lines were io be operational throughout the facil- The accumulation of noisedata to establish a historical
ity, respirators would probably not be required. Prior record of noise levels must be accomplished over time,
to this determination, sampling would be imperative as inactive lines are activated. In the interim, extrapo-
to document airborne contaminant exposure levels. lations can be made beh.,een similar active and inac-
No comprehensive airborne sampling had ever been tive operations to predict hazardous noise areas.
conducted to demonstrate workplace exposures. Dur-
ing thesurvey, thelocalexhaust ventilation systemson Occupational Health and Industrial Hygiene
the inactive production lines were found to be either Support
absent or not in operable condition due to frozen
bearings, removed belts, or disconnected electrical The agency discovered that lhe contract behteen
power. Much of the equipment had been cannibalized the ["A and the contractor, as well as the industrial
or removed and placed in storage. readiness plan (IRP), the industrial preparedness plan

(IPP), and the mobilization master plan (MMP) lacked
Hazard Communication Program stipulations for industrial hygiene and occupational

health services.?0

In accordance with Occupational Safety and Health
Adirtinistration (OSHA) regulation 29 CFR 1910.1200, Survey Recommendations
Hazard Communication, emp!oyers are required to fully
inform every employee who is potentially exposed to Based on -urvey findings and predicted mobiliza-
a workplace hazard of ali that is known about that tion requirements, the agency provided several rec-
hazard.' T.his is theessence of hazard communication. ommendations for the ammunition plant to help pro-
The ammunition plant contractor had ensured that the tect both contractor and government personnel, and to
air-pollution-control technician provided plant work- ensure regulatory compliance. Although government
ers with hazard communication training. However, just contractors are obligated to adhere to federal regula-
as the respiratory protection program would require tions, the USAEHA maintains that all applicable U.S.
moreattention during mobilization, so the hazard com- Army regulations, as specified in the recommenda-
munication program must also expand with increased tions that follow, be incorporated in the contract:
workforce and production rates. To maintain compli-
ance with OSHA's hazard communication standard, * Addresstheavailability, procurement, and issue
frequent training must be conducted both as new of applicable PPE, and required training, fitting
workers enter the we: kplace and as increased produc- and medical evaluation of personnel in mobi-
tion increases the possible hazards. lization plans and timetables, as required by

Title 29, Code of Federal Regulations (CFR),
Asbestos Management Plan Section 1910.132(a), Personal Protectiry Equip-

mcnt"; and AR 385-10,TzecArmy Safety Program.7
No written asbe-stos management plan was avail- * Perform industrial hygiene evaluations and

able at the plant during the survey. Although material document air sampling of the inactive produc-
suspected of containing asbestos was observed within tion lines, once they are activated for mobiliza-
both active and inactive areas, it appeared to be con- tion or premobilization, to identify theneed for
tained and nonfriable. However, suspect asbestos- PPE and engineering controls, as maintained
containing material found outdoors on above-ground by Title 29, CFR, Section 1910.1000(e), Air
steam and water lines was damaged and friable. Contaminants?-; AR 40-5, Prewu'nlir•e Medicine",;

and Technical Bulletin, Medical (TB MED) 502,
Hearing Conservation Program Occupational and Environmental Health Respira-

tory Protection Program."
No mastr list or diagram of hazardous noise areas • Perform occupational noise evaluations of in-

within the,Plant was availableduringthesurvey. This act, production lines, once they have been
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activated for mobilization or premobilization, cialists. However, manpower for contract personnel
to establish a master list and a diagrarm of includedasafetyand healthadministratorandanurse.
hazardous noiseareasand toevaluate PPE and Surprisingly, the plan did not identify the need for an
engineering controls, as maintained by Title occupational health physician, an occupational health
29, CFR, Section 1910.95(c) and (d), Hearing nurse, industrial hygiene support, or even clerical
Conservation'5; AR 40-5'3; and TB MED 501, support for the safety office.'"
Occupational and Environmental Health Hearing
Conservation."6  Occupational Health Manpower Indicators

* Establish an asbestos-management program
to preclude both worker exposure and asbes- Theamount and typeof occupational health profes-
tos-fiberreleaseintotheenvironment,asmain- sionals necessary to support mobilization are partly
tained by Title 29, CFR, Section 1910.1001, As- dependent on the installations populati mn (Table 2-5).
bestos, Tremolite, Anthophyllite, and Actinolite .; The occupational health professionals necessary to
and TB MED513, Occupationaland Environmen- support mobilization of an ammunition plant include
!al Health Guidelines fr the Evaluation and Con- occupational health physicians, occupational health
trol of Asbestos Exposure.'" nurses, optometrists, and industrial hygienists. Quan-

"* Modify the existing contract between the DA tifyingtheexact numberof occupational health profes-
and the contractor to include occupational sionals necessary ta support operations also depends
health snpport, as maintained by AR 40-5."3 on other variables, including (a) the estimated

"* Maintain engineering controls that protect the workforce, (b) the occupational health regulations in
workers' health. effect, (c) the production and control processes, and (d)

"• Modify the AMCCOM 319-R, Current or Back- the requirements for raw materials and end products
log of Deficiency Identification and Industrial Pre- (the finished products).
paredness Measure of the IPP,"' to include a more Workforce. The composition of the workforce de-
specific breakdown of occupational safety ard termines the amount of time per worker required of
health deficiencies into two separate categories: each occupational health profession. Industrial opera-
occupational safety and industrial hygiene. tors, for example, will require more preemployment

"• Modify the IPP mobilization manpower re- medical screening than a clerk-typist, whose physical
quirements to include clerical support for the condition to withstand the physical and chemical in-
government safety office, and staffing require- sult of the metal-working industrial environment is
ments for industrial hygiene, optometry, occu- not a determinant of the ability to perform clerical
pational health nursing. clinical laboratory X- duties. Likewise, the industrial hygienist will spend
ray technicians, and occupational health more time with industrial and production workers
professionals. than with administrative personnel.

"* Modify the responsibilities of the government Occupational Health Regulations. Occupational
safety office and the contractor's health and health regulations tend tobecomemorenumerousand
safety administiation office in the IPP to in- cornplex; there is no indication that this trend will
clude industrial hygiene services, slacken in the future. The more stringent and numer-

ous the regulations become, the more occupational
Survey Implications for Mobilization Preparation health support will be required to maintain existing

programs such as hazard communication, medical sur-
According to the USAEHA, occupational health veillance, evaluation of engine,.ring controls, and PPE,

support is absolutely neces.sary during mobilization. and any programs dictated by future regulations.
The need to maintain a viable workforce to meet pro- Because these regulations cannot be waived during
duction quotas, while complying with federal and DA mobilization, the numberof occupational health profes-
health and safety regulations, requires a professional sionals needed to maintain the regulations' directives
staff supporting a comprehensive occupational health are a factor in determining manpower requirements.
program. The survey found potential occupaticnal P.roduction and Control Proctsses. Productionand
health problems that are common for recently mobi- control processes at an ammunition plant may range
lized depots and army ammunition plants For ex- from inactive productiote lines with cannibalized or
ample, the ammunition plant's industria! prepared- malfunctioningengineeringcontroistoactiveproduc-
nessplanindicatedthatsafetyandhealthmobilization tion lines with adequate engineering controls. The
manpower requirements- for government personnel condition of theproduction and contro!pro'essesalso,
included a chief safety manager and two safety spe- in part, determine the level of occupational heafth
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TABLE 2-5

OCCUPATIONAL HEALTH PROFESSIONALS REQUIRED PER AMMUNITION PLANT

Installation Population Increase
Position Installation Population Determining Additional Position

Part-time occupational health physician' < 2,000
Full-time occupational health physician' > 2,000 3,500
Full-time occupational health nurse > 350 75- 1,000
Part-time optometrist~t < 10,00
Full-time optome.rist~t > 1O00."
Full-time clinical laboratory/X-ray techniciant > 2,500
Full-time industrial hygienist? > 1,000 1,OCO - 1,250
Full-time industrial hygiene techniciant > 7A0 750 - 1,000
Full-time clerk/typist > 1,000

"Source: Zenz C, ed. Occupahwnal Medtant, Prinapk,, a.and Pradcwal AFphrations. Chicago: Year Book Medical Publishers, 1984:77--82.
Source. Brow•n ML Ocrula1:eair Hitih Nursing, Pnninplr-s, atf Prarhces. New York. Springer Publishing Co; 1981: 224-226.

tSource USAEHA unpublished data.

suFport necessary. With continuing developments in inspection of the industrial facility to determine
new end products and manufat-turing techniques, the the occupational health hazards and requirements.
level of occupational health support will be influenced This process would include a facility walk-through,
by the production and control processes.existngat the where the industrial hygienist-with a list of raw
time of mobilization, materials, intermediate products, final products,

Rao Materials and End Products. Like production byproducts, and hazardous materials-scrutinizes
and control processes, 'he types of raw materials and product flow, equipment placement, and every other
end products affect the level of occupational health aspect of the industrial operation. Occasionally, all
support required. Manufacturing a new end product machinery is in place and operable, but at other times,
means changes in raw materials and processing tech- some of the equipment is in storage or is inoperable:
niques, which, in turn, alter the types of contaminants then the industrial hygienist must attempt to visualize
generated. The types and levels of health hazards it as a fully functioning operation with all its equip-
associated with the raw materials and contaminants ment in place. Nevertheless, the industrial hygienist
generated in manufacturing help to determine occu- must first determine the adequacy of engineering con-
pational health manpower requirements. trols to protect workers from occupational exposures

and then, if necessary, select the necessary PPE. While
Mobilization Duties the facility is b4Kng readied for production, occupa-

tional health professionals need to (a) provide new
Not only are occupational health professionals nec- employees with preemployment medical evaluations

essary, the USAEHA also suggests that they be incor- where baseline data are required, (b) train and fit-test
porated into the mobilization workforce as early as for necessary PPE, and (c) ,rain for chemical hazard
possible. If full-time occupational health setrices are communication, as authorized by OSHA.
not necessary at a specific installation, or are time and Once the facility is operational, it will still take time
cost prohibitive, the USAEHA recommends using in- for the occupational health professionals to assimilate
dependent, -)r fee-for-service, occupational health the specifics of the industrial operation. Industrial
professionals from the local community. It is also hygiene personnel, far example, will require firsthand
imperative to consider, even before mobilization, the knowledge of the operation's physical-agent sources
clerical and technical suppot, equipment, analytical such as noise, vibration, and heat energy; and chemi-
and chemical laboratory support, X-ray capability, cal-agent sources such as gases, mists, and vapors.
installation trarsportation,and otherservicesand sup- This know!edge is necessary to evaluate the effective-
ports necessary for occupational he.-lth professionals ness of existing engineering controls, develop abate-
toaccomplish theirjobs. Even beforeoperationsbegin, ment actions, and analyze administrative controls to
an indus.ral hygienist should make a preoperational further reduce exposm-re.
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SUMMARY

The U.S. Army must be able, at a moment's notice, what they do. Only through a full understanding of
to defend the nation and support its foreign policy; the both worksite and workers can cost-effective, appro-
army must also be able to mobilize and deploy its priate occupational health services be provided.
reserve component. This mission cannot be taken Should the United States ever ago-in be totally mobi-
lightly. The U.S. Army operates one of the largest lized for war, the armv's industrial base will also mobi-
industrial bases in the nation, most of which is under - - lize. This meansthatgovernment-owned and -operated-_
thecommand and control of the AMC. Divided into 10 plantswilldramaticallyincreaseproductionmothballed
subordinate commands, the AMC has more than plants will be brought into production, and private-
100,000 employees, and operates more than 40 indus- sector industries will begin to produce military equip-
trial installations throughout the world. ment. All these actions will result in a workforce that

The responsibility for providing adequate medical is substantially increased, inexperienced, and demo-
support to the army's industrial base falls squarely on graphically different-a workforce quite likely to be
the shoulders of AMEDD. Adequate support can only exposed to newand moresignificant job-related hazards.
be provided if the services are based on a thorough IfAME9Dis t fulfill its mission ofprovidingadequate
evaluation of installation needs. Medical personnel occupationalhealthservicesandprotectingthehealthof
must understand the organizational structure of the army workers, we must anticipate the needs of the
army's industrial base and the nature of the industrial mobilized industrialbase, know how torespond to those
processes. At the installation level, assigned medical- reeds, and develop superior occupational health plans
staff personnel must know who the workers are and and programs that ensure adequate ser-ices.
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INTRODUCTION

Soldiers are considered to be military employees; injuries regardless of the cause. Department of the
when they perform work that is separate from their Army (DA) civilians are eligible only for job-related
combat duties, they frequently encounter potentially health services and emergency and palliative treat-
hazardous exposures that are similar to civilian indus- ment. Although the Army Medical Department
trial exposures. When soldiers are thought of in this (AMEDD) provides all of the healthcare to soldiers
context, the military mustaddress thepotentiallyharm- (including employee health services), the only services
ful effects of the work that soldiers do, and the condi- that are available to civilian employees are those spe-
tions under which they work, just as these are ad- cificallyprovidedinthecontextofoccupationalhealth.
dressed for civilian employees in the federal Before 1974, assorted health clinics, occupational
government and private-sector work force. health sections, and nursing offices were established

Employee health programs and services focus on by most army installation commanders to provide
two interrelated aspects: (1) to prevent orreduce nega- health services to civilian employees of the army.
tive interactions between a job and an employee's Howeverin1974,theHealthServicesCommand(HSC)
health, and (2) to provide clinical services to employ- was activated and all of the installation clinics, nursing
ees. However, diffPrences exist between military and offices, and occupational health sectionsand programs
civilian employees in both their eligibility for health were incorporated into the local HSC activity. The
services and the manner in which the services are responsibilities for managing all the aspects ofcivilian
provided. Soldiers are eligible for health services at a employee health weregiven to army Preventive Medi-
medical treatment facility (MTF) for all illnesses and cine Services within the various HSC activities.

LAWS, REGULATIONS, AND GUIDANCE

Several laws and regulations protect the health and * the referral of employees to private physicians
promote the effectiveness of all federal employees- and dentists, and
militaryandcivilian-including(a)PublicLaw79-658, * preventive programs related to health.
(b) the Occupational Safety and Health Act (OSHAct)
of 1970, and (c) DA regulations. Technical guidance The Occupational Safety and Health Act
does not carry the same weightasa law ora regulation;
it is professional advice published to aid occupational The Occupational Safety and Health Act of 1970
health providers and managers. (Public Law 91-5%, 29 United States Code 651 et seq.)

succeeded Public Law 79-658 in addressing occupa-
Public Law 79-658 tional health for federal employees. This law requires

that all employers provide a safe and healthy working
The first law that authorized health services for environment for all of their employees. Although the

federal civilian employees was Public Law 79-658, law originally exempted federal employees (both
entitled Health PromotionforGovernment Employees (also within and without the Department of Defense [DoDD.
known as5 United StatesCode7901,1946 asamended). later provisions included them. For example, Executive
This lawauthorized,but did not require, federalagen- Order 121% (Occupational Safety and Health Programs
des to establish health-service programs to promote for Federal Employees) and Title 29, Code of Federal
and maintain the physical and mental fitness of their Regulations Part 1960, Basic Program Elements for Federal
employees within the limits of their appropriations. Employee Occupational Safety and Health Programs state
Public Law 79-658 limited employee health services to that (a) OSHAct applies to all federal government

agencies and (b) the Occupational Safety and Health
"* the treatment of on-the-job illnesses, Administration (OSHA) requires federal agencies to
"* the treatment of dental conditions that require establish an occupational safety and health program.

emergency attention, Department of Defense Instructions (DoDls) also direc
"* preplacement and other job-related health- implementation of the occupational safety and health

maintenance examinations, program for military and civilian DoD employees.
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Federal Employees' Compensation Program injury, and (c) allows for the injured employee to
choose a physician.

The Federal Employees' Compensation Act was Under the Federal Employees' Compensation Act,
passed in 1916; it provides compensation benefits to an employee's regular pay can be continued for up to
federal civilian employees for disabilities caused by 45calendardaysaftera traumatic injury whendisabil-
personal injuryordiseasethataresustained while job- ity, medical treatment, or both, occur. (A traumatic
related duties are being performed. The 1916 Act also injury is defined by the Office of Workers Compensa-
provides for the payment of benefits to the employee's tion Programs as a wound or other condition of the
dependentsifthework-relatedinjuryordiseasecauses body that is caused by an external force, including
the death of the employee. The provisions of the Act stress or strain.) After the entitlement to continuation
and information concerning the administration of the of pay is exhausted, the employee may -apply for
workers' compensation program are contained in Title compensation if additional time is needed to recover
------------- -0,Co of ,l Regulations.' from the raumatic injury

The Office of Workers' Compensation Programs of The Federal Employees' Compensation Act also
the U.S. Department ofLaborisresponsibleforadmin- entitles an employee to choose among all licensed
istering workers' compensation programs for federal physicians in private pracriceorphysiciansata federal
civilian employees. However, two divisions of this medical treatment facility. Under this stipulation, the
officeactually administer theprogram: (a) the Division termphysiciansalsoincludespodiatristsdentistsclini-
of Federal Employees' Compensation administers the cal psychologists, optometrists, and chiropractors;
program forappropriated-fundemployees (that is, those each medical officer must practice within his or her
employees who are primarily paid from the monies specialty as it is defined by state law. In an effort to
that Congress appropriates to run the agency); and (b) reducecivilian workers'compensation claims, thearmy
the Division of Longshoremen's and Harbor Workers' encourages injured civilian employees to be evalu-
Compensation administers thecompensation program ated initially at a federal MTFand to be treated there if
for nonappropriated-fund employees (that is, employ- the resources are available. These government facili-
ees-generally civilians-who work for activities that ties are staffed by active-duty medical officers and
create their own income by providing services), civilians, and include hospitals of the army, navy, air

force, and Veterans Administration. However, when
Workers' Compensation for Appropriated-Fund an employee chooses to be treated by a private physi-
Employees ciarn, the staff of the Employee Health Program should

monitor the progress of treatment and perform a fol-
The Civilian Personnel Office at miiitary installations low-up examination when the employee returns to

is usually responsible for administering the workers' work.
compensation program at the local level for appropri- The workers' compensation program also provides
ated-fund employees. However, commanders, super- medical care benefits. These benefits include the ex-
visors, safety personnel, physicians, and nurses all aminations, treatments, hospitalizationsmedications,
play a role in administering the pregram. The DA's appliances, supplies, and transportation that are nec-
main objective for the program is to provide-as essary to obtain adequate medical care.
promptlyas possible-all of thebenefits to which an ill
or injured civilian employee is entitled. The army also Workers' Compensaf ion for Nonappropriatfd-Fund
isconcerned that employees who haverecovered from Employees
their injuries, either partially or completely, return to
work. All army installations are required to establish The Nonappropriated Fund Instmumentalities Act
a light-duty program to accommodate those injured of November 1958(now known as United StatesCode
employees who may not be able to work at their 8171-8173) provides workers' compensation coverage
regularjobs, but who may perform ight-duty tasks. In for nonappropriated-fund employees under the
addition, procedures must be established to bring Longshoremen'sand HarborWorkers' Compensation
long-term disabled employees back to work.2  Act. Workers' compensation benefits are provided by

The workers' compensation program has other ben- a seif-insured workers' compensation program man-
efits for the appropriated-fund employee. It (a) pro- aged by the U.S. Army Central Insurance Fund.3 The
vides for the medical care necessary for the treatment services that are provided to nonappropriated-fund
of job-related injuries or illnesses, (b) contains a stipu- employees are similar to those that are provided to
lation for thecontinuation of pay followinga traumatic appropriated-bfnd employees under the Federal Em-
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ployees' Compensation Act. However, the army MTF an occupational health program document, (c) stand-
responsibilities are limited to providing initial and ing operating procedures (SOPs), and (d) medical di-
emergencycarewithoutcharge;referraltocommunity rectives for occupational health nurses.
medical resources occurs if and when further medical
care is required as determined by the physician. Installation Occupational Health Regulations

Workers' Compensation Claims Procedures The installation occupational health regulation,
based on the documents in Exhibit 3-1 and published

Employees and federal agencies must use specific army policies, defines policy and instructions as they
forms and procedures to initiate claims for traumatic apply to that particular installation.5 At a minimum,
injury, occupational disease, recurrence of disability, this regulation should define the extent of the occupa-
and death.4 Most of the forms include a statement of tional health program, the eligibility for its services,
the purpose of the formn, directions for completing and and the responsibilities of (a) the occupational health
submittingtheform, thepartyresponsibleforitsprepa- staff to provide employee health services at the local
ration, the date by which it must be submitted, and to level., (b) all installation occupational health partici-
whom it must be submitted. pants such as the safety and civilian personnel officers,

and (c) the employees who receive the services.
Regulations and Guidance Applicable to During the development of the regulation, the draft
Employee Health must be passed through all the activities and divisions

that have a designated occupational health responsi-
The primary Employee Health Program laws and bility. After the local regulation is published, it must

regulations are listed in Exhibit 3-1. Other publica- bekeptcurrent through periodic reviews and updates.
tions that pertain to the program are listed in the Eithertheoccupational health physicianortheoccupa-
recommended reading at the end of this chapter. tional health nurse or both must contribute to any in-

To ensure effective management of the Employee stallation directive that involves occupational health,
Health Program, the staff must also develop and main- from its initial development through thestaffingstages.
lain administrative documents. A good administra-
tive structure is basic to providing effective employee Program Document
health services and managing the program.

In addition to the laws and regulations that have Commanders of Medical Centers (MEDCENs) and
already been discussed, otherarmy directives include Medical Department Activities (MEDDACs) are re-
(a) an installation occupational health regulation, (b) sponsible for publishing an occupational health pro-

EXHIBIT 3-1

PRIMARY EMPLOYEE HEALTH PROGRAM REGULATIONS

Department of Labor, Occupational Safety and Health Administration
Title 29, Code of Federal Regulations, Part 1910, Occupational Safety and Health Standards

Department of the Army and the Health Services Command
Army Regulation 40-5, Preventive Medicine
Army Regulation 40-3, Medical, Dental, and Veterinary Care
Health Services Command Regulation 40-30, HSC Operating Program-Prcventive Medicine Program for MEDCEN/

MEDDAC
Health Services Command Regulzation 10-1, Organizations and Functions Policy

Office of Personnel Management
Federal Personnel Manual, Chapter 339, Medical Qualification Determinations
Federal Personnel Manual, Chapter 792, Federal Employee Health and Counseling Programs
Federal Personnel Manual, Chapter 810, Injury Compensation
Federal Personnel Manual, Supplement 293-31, Basic Personnel Records and Files System

Publishcd annua1!y
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gram document that identifies the preventive medi- Medical Directives
cine services that are available.6 The document should
include the program objectives, target dates for the Medical directives are the physician's written or-
accomplishment of each objective, methods to achieve ders to the occupational health nurse for administering
the objectives, and an evaluation plan. As an adden- treatment in the physician's absence. Directives must
dum to the Preventive Medicine Services general pro- include the steps to follow in providing emergency
gram document, good management practice dictates care and must list the treatments of occupational and
that the employee health staff develop and review the nonoccupational illnesses and injuries. Written medical
Employee Health Program section of the document directives are required to assure that emergencies are
annually. The Employee Health Program plan and properly handled in the absence of a physician, to
objectives must be consistent with the overall i "stalla- direct medical care for minor incidents that do not
tion and MTF mission, priorities, and resources. require the services of a physician, and to authorize

Frequently, the manager of the Employee Health other nursingstaffactivitiessuchas, ',angingadressing.
Program willbecalled upon to(a)defend theprogram The written medical directives must include in-
against reductions in thebudget, personnel, and space; structions for the occupational health nurse to admin-
(b) justify requests for more resources; and (c) assure isteronlynoncontrolledpharmaceuticalsasaone-time
the commander that the Employee Health Program is dose (when a nonprescription drug is the treatment of
helping to accomplish the installation's mission. An choice). The drugs, selected from a list of only
up-to-date, meaningfulprogramdocument, represent- nonprescription drugs, are authorized by the local
ing both a plan for the future and a report on past Therapeutic Agents Board. Instructions- for prescrip-

'rformance, will be invaluable in these situations. tion drugs are not included in medical directives
The successful development and management of a because it is not within the purview of usual occupa-
continuing Employee Health Program depends not tional health nursing practice to administer prescrip-
only on the quality of the program document but also tion drugs in the absence of a physician.
on the extent to which it is followed. Medical directives should be consistent with the

anticipated requirements foremployeehealth services
Standing Operating Procedures and the capabilities of the nursing staff. Thus, the

physician should coordinate with the occupational
ThebasicmanagementtoolsfortheEmployeeHealth health nurse manager and supervisor to prepare the

Program, SOPs consist of a written set of instructions directives. The physician must sign and date these
and detailed step-by-step operational procedures for directives.' Occupational health nurses who partici-
accomplishing an organization's specific tasks. An pate in the preparation of medical directives should
SOP is an internal document and includes only the cosign them.
steps that employees in the immediate organization Clinical guidelines require periodic review and re-
perform. SOPs assist in training new employees and vision of the directives both as medical knowledge
serve as continuity tools in instances when regular increasesandasotherchangesoccurattheinstallation.
personnel are absent, enabling others to carry on the At a minimum, the occupational health physician and
operation. To be of value, SOPs must be used by the nurse must review the medical directives annually,
personnel for whom they were intended and updated and indiiate this review with their signatures and the
at least annually, review date.'

ORGANIZATION OF THE ARMY'S OCCUPATIONAL HEALTt[ PROGRAM

The army operates more than 130 individual Em- an Army Heaith Clinic (AHC), which is located at an
ployee Health Programs. These programs' missions installation without a hospital and has no Preventive
and structures vary from installation to installation Medicine service. HSC Regulation 10-1, Organization
becauseeachimniallation hasspecificempioyee-health and Functions Policy, prescribes the organization and
needs. There are, however, a few basic designs for the functions of AMEDD activities under the corn-
these programs. mand Headquarters, US. Army Health Services Com-

ThepositionoftheEmployeeHealthProgramwithin mand; HSC Regulation 40-5, Ambulatory Patient Care,
an organization depends on whether it is collocated further defines the operations of the AHCS and occu-
with a MEDDAC or MEDCEN, both of which include pational health clinics. Compliance with these regula-
a hospital and a Preventive Medicine service, or with tions allows the Employee Health Program to operate
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within either the Preventive Medicine Service or the The staff of an occupational health section usually
health clinic system. consists of one to three civilian occupational health

nurses, a clerk, and often an industrial hygienist, de-
Preventive Medicine Service Employee Health pending on both the size of the population that is to be
Program served and the health services that are required. The

occupational health nurse serves as the Employee
In thoseinstallations th1at haveanarmy hospital, the Health Program manager, except when a full-time

occupational health section of the Preventive Medi- physician is assigned to the section.
cine Service conducts the Employee Health Program Physician's assistants with 2 years of postgraduate
(Figure 3-1). Often the occupational health section has training in occupational health are assigned to several
no clinical capabilities, but it manages all the adminis- of the larger U.S. Army Forces Command (FORSCOM)
trative aspects of occupational health for both civilian installations, where they serve as program managers
and military employees who work at the installation, for those employee health services thatare provided to
The staff of the collocated MEDDAC or MEDCEN soldiers.
performs all of the prevenitive and clinical services for In the absence of a full-time physician, the chief of
patients, includingtreatment.and examinations. How- the Preventive Medicine Service (if he or she is a
ever, atinstallations whereamobileoccupational health physician), or a physician who is assigned to the
vehicle (MOHV) is assigned, the staff of the occupa- MEDDAC or MEDCEN in another capacity, may pro-
tional health section uses the vehicle to provide pre- vide occupational medicine support. This type of
ventive services at the worksite (Figure 3-2). support is most commonly found at FORSCOM and

BENEFICIARIES HEALTH SERVICES COMMAND

Civilian Employees

Regional MEDCEN or MEDDAC

Clinical Guidance
- Division, Primary Care and

Community Medicine

Staffing: -

Physician OCCUPATIONAL Specialized Laboratory Tests
Two or More Nurses HEALTH
Administrative Staff SECTION

S Preventive Medicine Service

TTechnical 
Gu;dance

CCommand 
and Control

Missi"on

i O cpainal Health

Fig. 3-1. The typical organizational structure for occupational health sernices on a larger army Training and Doctrine
Command (TRADOC) or army Forces Command (FORSCOM) installation with a post U.S. Army hospital.
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BENEFICIARIES HEALTH SERVICES COMMAND

Active-Duty Soldiers
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SClinical Guidance Regional MEDCEN or MEDDAC
S.......... i

Command and Control A Divisloa, Primary Care •nd
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Sta•ng: " I
One to Two Physicians ARMY HEALTH Radiologlca: Services •._
Two or More Nurses CLINIC[ .0 Slx.•ltzed LaboratoryTr'•
Adminis•ative S•tff Labo•ton/Services
Support Staff j
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Fi8. 3-3. The •'pJcal organizational structure for a U.S. Army health clinic at an installation without a post U.S.A.,'my hospital,
whe.,'e primary care is the predominant healthcare mission.

cated at small installations such as the U.S. Army employee health services provided, and availability of
Natick Research Development and Engineering Cen- the resources.
ter, where most workers are civilian and few military All Employee Health Programs require at least one
medical beneficiaries are in the area. full-time civilian occupational health nurse, either a

Occupationalhealth nursingofficesaresimilartooccu- full-time or part-time physician, and clerical support.
pafional health clinics but they lack a full-time physi- DA Pamphlet 570-557 provides guidance for deter-
cian (Figure 3-5).7 These occupational health nursil•g mining staff requirements.° The pamphlet defines the
offices are usually organizationally a part of the Pre- civilian or militarystaffinglevels that thearmy recom-
ventive Medicine Service; most are located in leased mends for the Employee Health Program, regardless
federal office buildings in and around Washington, D.C. of the program's administrative structure.

Army Regulation (AR) 611-101 describes the corn-
Health Program Staffing missioned officer's qualifications according to thespe-

cialty skill identifier (that is, a two-component numeric-
According to regulations of the army and the Office alpha description that identifies the skills needed for a

of Personnel Management, EmployeeHealth Programs particular job).m For example, an active-duty occupa-
must be adequately staffed.• The size and experience tional medicine officer is a 60-D. The Office of Persomlel
of the staff of an occupational health section (or Era- Management Handbook X-118 describes the qualifica-
ployee Health Program, occupational health clinic, tionsforeachcivilianGeneralSchedule(GS)jobseries."
occupational hc-alth nursing office) de3•end on the The Civilian PersonneJ Office provides guidance
populat,.'on to be served, type of installation, range of and establisheslocalprocedures forailcivilian person-
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SENEFICIARIES HEALTH SERVICES COMMAND

Miitary and
CivaiiAn

Employees

Regional MEOCEN or MEODAC

* Division, Primary Care and

Stafing --A00WCommunity 
Medicine

Two or More Nurses HEALTH Laoratory Sevie S',ecalized Laboratory Testing

* Preventive Medicine Service
Technical Guidance
Command and control

Occupational Hralt

Fig. 3-4.The typical organizational structure for a US. Army occ-ýp~ttonal health clinic at an installation without a post US.
Army hospital, where occupational healih is the predornirant healthcare mission.

net administrative requirements. For example, a job The Occupational Health Physician
description must accurately specify the fuid--ions of
each posi lion Both the Civilian Personnel Office and Either a military or civilian physicidn may fill the
the job supervisor are -.esponsible for preparing each position of occupational htzlth physirian; however,
civilian employee's job description. The C~vilian Per- their qualifications are different. While the MEDDAC
-onnel Offi1ce defines the t'chnical aspects of the job or MEDCEN credentialing committee must approve
des-ription and the supervisor defines the ioý func- both military and civilian occupational health physi-
tions and supervisory controls. In aid ition. perfor- cians for clinical privileges as an occupatianal health
mrance standards, which arm based on the duties cdelin- physician,1 2 civilian physicians. must also meei the
eated in the -ob description,are required forall civ-.!13n Office of Personniel Management's arinimum qualifi-
staff members. The supervrisor defines the acceptable cations for the position. in addition, training or prior
level o- performanace for major duties, and these stan- experience in the field of occupational health is de:sk-
dards are used 3s a basis for evalvatig an employee's able for occupational health physicians.
job performdriace. Whelther a mi);tary officer or a civilian, the occupa-3

Once professional and tecbnical personnel are as- tional health physician can be assigned as a part-timec
signed to the occurktional J' aith a-ea. they are re- or full-ti-me member of the Emplcyee Health Program
sponsible for maintaining tl- ~r wnicti-rent licensurz staff. Usually a military physician is assignued part-
and cert~hcation according to legal and professional tiime occupattiorAlhcalth duties. (This arrangemnent is
requirements. Each individual is responsible for his or usually foundJ at rORSCOM and TRADQ)C Lnstalla-
her own confinv~ing education. lionts.) This pa-t-time participation is seldom ad-.quate
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Military and
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Fig. 3-i.7hec ognztonal structure of U-5.Armyocupzatinal helh nursingoffices inthe Washington, D.C., metropolitan area.

because provid ing accupati onal medicine supporc for paci ties (for example, as manag~rs of the Occupational
the Employee Health Program is added to the Health Program for soldiers or, infrequently. as man-
phiysician's primary ass!gnment as a medical officer at agers of the overall Occupational Health Program for
the MEDDAC or MEDCEN. civilians and military personnel) when assigned to the

MEDDAC at FORSCOM installations.
Thie Occupational Health Physician's Assistantt

The Oc~stpational Health Nurse
The MEDIDAC or MEDCEN credentialing commit-

tee must approve the military or civilian occupa- Occupational health aurses are civilian registered
tional health physician's assistant for clinical privi- nurses who meet the minimum qualifications as man-
leges.' "' Once physician's assistants have been ap- dated by the Office of Personnel Management.
proved to practice, they must be supervised by a MEDDAC or MEDCEN clinical privileges are not re-
physician.'" quilred for occupational health nurses who practice

In recent years the army has provided additional within the usual limits of occupational health nursing.
ee'ucation-.i master'sdlegreeirt occupal ional health- In addit. -iP. to thebasic nursing preparation, the nurse
toselected military physician's assistants. Theoriginal -should haie, specialized training sucha.s formal aca-
purpose of training physician's assistants in occupa- demicprogramsorshort courses in occupational health.
tional health in thearmy was to provide health scn'izes These educational progrdms should emphasize man-
at the unit level to ensure soldiers' combat readiness. agemnent principles; industrial texicologv; the cause,
The role of the military occupational health physician's prevention, control, and trt~atment of occupational
assista3nt has yet to be clearly defined; however, diseases; the principles ot industrial hygiene and epi-
physician'f assistants have functionied in various ca- demiology; the concepts and practices of job-related
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medical surveillance; and the legal and regulatory technicians. occupational health technicians, labora-
aspects of occupational health. tory technicians, and X-ray technicians) need to be

assigned. MEDDAC or MEDCEN optometric and
Ancillary Staff audiometric technicians may also provide significant

support totheprogram. Dependingon thetechnician's
The organization of the occupational health section level of education, he or she could manage selected

determines whether ancillary personnel (such as li- elements of the occupational hea.th program such as
censed practical nurses, nursing assistants, medical hearing conservation.

MEDICAL RECORDS MANAGEMENT

Medical records and reports include (a) occupa- outpatient treatment records should be maintained,
tional medical records tcumulative individual medical by personnel trained in record keeping, in an MTFarea
records), (b) workers' compensation records (medi- designated for medical records.
cal), and (c) administrative reccrds and reports. The The Federal Personnel Manual Supplement 293-31,
occupationai medical record (civilian employee medi- Basic Personnel Records and Files System, is the major
cal records and the military outpatient treatment regulation that pertains to civilian employee medical
records are types of cumulative individual medical records; AR 40-66 applies to outpatient treatment
records) and administrative reports are required by records; entries into all occupational medical records
the Employee Health Program are made in accordance with AR 40-66." This regula-

An occupational medical record is the chronologi- tion contains guidance on recording injuries and in-
cal, cumulative record of information about the devel- cludes a requ'rement to identify occupational injuries
oping health status of an employee with respect to his or illnesses as occupational in the medical record.
or her employment. Occupational medical records TheReportofMedicalHistory(SF93)isusedtocbtain
must contain personal and occupational health histo- a health history from all civilian employees and to
ries, employee exposure records, and the healthcare initiate a medical record on employment. (Exceptions
professional's written opinions and evaluations dur- can be made for transient nonappropriated-fun•d e-
ing the course of employment-related examinations, ployeessuchasfood-handlers.)Oncethern-iwdkcalecord
diagnoses, and treatments. In the military outpatient is initiated with the SF93, it is to be kept in the termiral
treatment recods the occupational health record con- digit series folder, Alphabetical ond Terminal Digit File
si3ts of entries that are related to the soldier's work- for Treatment Record (DA Form 3444). or in the Employee

Medical Folder (SF 66-D). When an employee either
Occupational Medical Records transfers to ancther federal agency or is separated

from federal service, the civilian employee medicOI
Civilian employee medical records and outpatient record is transferred or retired in the SF 66-D. If 1he

treatment records (for military personnel) serve as the civilian employee medical record ias been maintained
occupational medical record. The purpose of any med- in a DA Form 3444 during the indiidual'6 employ-
ical record is to document a complete medical history ment, the persounel responsible for, maintaining the
of the patient and his or her care. medicolegal support civilian employee medical record must ensure that a
for the therapy that was given, and a basis for research signed Privacy Act Statement-Health Care iKecords (DoD
and education. In instances when a civilian employee Form 2005) is transferred or retired wiit% the record.
,us dual status-such as a retired military member or In general, only standard forms (that is, !hose forms
the dependent of a retired or active-duty military that are authorized by H-ISC, DA, and DoD) are used in
member-that employee will also have both a civilian medical records. The lfTF commander must approve
employee medical record and an outpatient treatment any locally-developed form or overprint before it is
record. Each record will be marked or coded clearly to placed in the medical record. irt addition to standard
indicate this dual status and to facilitate the identifica- forms, a copy of the Office eo Workers Compensation
tion and reporting of job-related injuries and diseases. forms related to medical trea-mewnt must be main-

The M TF commander is the official custodian of the tained in the medical record.c' These foram-s :nclu.de
medical records at the facility, but the chief of the
patient administration division acts on behalf of the * Federal Ern"p.ve's Notice of Traunatic In-
commander in matters that involve medical records. jury and Claimn for Continuaion of Pay/Coin-
Both the civilian employee medical records and the O .ion (CA-D).
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Federal Employee's Notice of Occupational reporting requireinent- at.! met. While the staff of the
Disease and Claim for Compensation (CA-2), Employee Health Program may or r.ay not actually
and compile these periodic reports, they should be aware

* Request for Examination and/or rreatment of the data that are required and the purpose for their
"(CA-16). collection. The primary MTF reports that require

occupational health data include the Army Occupa-
When a civilian employee separates irom fderal tional Health Report (DA Form 3076); the Medical Sum-

service or transfers to inother federal agency, the mary Report (MSR), RCS (Requirement Control Sym-
civilian employeemedical record is usually forwarded bol): MED-302; the Management Indicators for
to the Civilian Personnel Office in the SF 66-D. The OxupationalHealth(MIOH)FeederReport(RCSSAOSA-
Civilian Personnel Office retires the record to the Na- 220); and theCommand health report. Two additional
tional Personnel Records Center when an employee reports to which Employee Health Program personnel
separates fr6m federal service, and forwards it to the may contribute include the Special Telegraphic Reports
gaining agency when an employee transfers. [RCS MED-16(R4)1 and the Log of Occupational injuries

Transferringand maintaining job-related X-ray films and IllnesseN..
requirespecial procedures. If it is8!.½. x Il in.orsmaller, The installation, MEDDAC personnel, and higher
the film is placed in the medical folder (SF 66-D) and headquarters (HSC and the US. Army's Office of The
retired or forwarded as part of the medical record. Surgeon General [OTSGI, and the installation's major
However, if the job-related X-ray film is larger than 81 command) review and evaluate the Employee Health
x 11 in. (such as a roentgenogram of a patient's chest Program using the data in DA Form 3076, which the
and torso), it must be maintained separately from the Employee Health Program staff must prepare and
SF 66-D. When an employee separates .-om federal submit biannually.' DA Form 31076 contains informa-
service, the large filmsare maintained in theiroriginal tion about Employee Health Program staffing, the
state at the last employing agency for 30 years bey. mnd civilian and military population at risk for potential
the termination of employment. The medical record health hazardsin the work environment, and thenum-
must also contain a notation on the radiologist's find- ber and types of occupational health services that the
ings, the location of the radigraph, and how it can be Employee Health Program provides. DA Form 3075 is
obtained. If the employee is transfernng to another used to collect these data. Instructions for completing
federal agency, the large filnms are simply forwarded to both DA Forms 3075 and 3076 a.,: en the reverse sides
the gaiaing agency.";-" of the forms.

Like any othez medical record, the civilian em- TheMED302Reportisoneof thecomponentsof the
ployee medical records must be main;ained in strict DA medical information system that the MTF, inter-
confidence. However, OSHA regulation .,llow the mediate headquarters (such as MEDDACs or
employc, %iL or her n.-nresentati:e as dinsignat-d iii MEDCENs), The U.S. Army Surgeon General, and
writing. and O&4HA re . ntaivcs (ctompliano. ofri.- other government agencies use for evaluating budget
ers and National inst'tutel fot O-cupational Safety and tequests, planning programs, controllingmanagemcnt,
H-ealth !NICOS', 1 p.rsonn-i) to examine or copy medi- analyzing manpower requirements. making authori-
tal recwrds or mnedxcal informatior. that bears directly zations, and planning facilities. Each army MTF must
on the empivyet's exposure to toxic materials and submit the MED302 Report every month to provide a
harmful plhysical.-agents suchaslr-diationa-ed noise..'" timely and accurate medical summary of the services
This access is strictly limited and does not include that the entire &nF provides. A deficiency of this
access to any health information that is unrelated to report is that it does not fully recognize the workload
exposure. of the preventive medicire services, but concentrates

only on the services that are provided to ill patients.
Medizal Reports for the Employee Health Program The chief of the patient administration division usu-

ally requests specific data from the Emp*oye- Health
The MIT commander is responsible for submitting Program staff to formulate this report.

several recurrent reports that require occupational Local program managers and higher headquarters
health data. The chief of the patient administration use the specific data in the MIOH Fetder Report when
division is responsible for establishing procedures for they analyze and review occupational health in tile
retrieving data for all required iepo•tsand must coor- army. The repcrt reflects the numbers of occupational
dinate with 'the chief of the Employee Health Program health staff, the population at risk, and the program
to identify and ensure that all omcupatiortal health evaluations that have been performed. Data concern-
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ing the Industrial Hygiene and He, iig Conservation Special Telegraphic Report of Reportable Death. 9 Preven-
programs are provided, in addition to data regarding tive medicine personnel have used the MED-16 report
the Employee Health Program. All MEDCENs and extensively to document outbreaks of infectious dis-
MEDDACs that providt health services for active- ease. However, it isequally important to notify higher
duty soldiers and civilian employees must prepare headquarters of c:,tbreaks of injury or disease, or
art MIOH Feeder Report for their health-service area unusual occupation-related health events, such as one
biannually.'8  or more cases of overexposure to ionizing or nonioniz-

Each month, every installation's Medical Authority ing radiation, or if two or more persons have beeit
(that is, thesenior physician assigned to the MEDDAC removed from their jobs as a result of abnormal job-
at the installation) is required to provide the installa- related medical surveillance tests. The submission of
tion commander with the Command health report.; anyof these reports requires liaison amorng!Preveittive
Although there is no specific format required for this Medicine staff (including the Eimployee Health Pro-
report, it summarizes the congilomerate health status gram staff), the patient admirnistration division, and
of the command and the people who comprise the other medical staff.
command. The Command health report provides All federal agencies are required to collect

occupational injury and illness data aid to record
" information regarding health conditions within these in the OSHA Log of Federal Occupational lnju-

the command; tiesand Illneases.'O-' Althoughtheinstallation'ssafeh,
"* recommendations for, or descriptions of. ac- officer usually has the primary responsibility for eol-

tions taken to improve health conditions; lecting data and maintaining the log, coordination
"* advice to higher headquarters regarding the with theoccupationalhealthstaffand thelocal Federal

support needed to implement the recoom- Employees" Compensation Act Program administra-
mended actions; and torisessential toensurethatthedata arecomplete. The

"* information regarding outstanding accom- safety office should reFort all of the following in the
plishments, new developments, and trends. log:

The Special Telegraphic Reports [RCS MED.16(R4)] 0 occupational illness,
are unique reports that provide epidemiological data * job-related injuries that resulted in death or
and the resuits of epidemiological investigatiors on disability,
selected health conditions, disease outbreaks, deaths, * job-related injuries that caused e iiployees to
and attempted suicides. These reports include the lose timeat 9vork (otherthan the dayon which
Special Telegraphif Report o.if Selected Condition, the Spe- the injuries occurred), and
cial Telegraphic Report of Reportable Outbreak, and the & job-related injuries that required medical care.

MEDICAL SURVEILLANCE

The two principal missions of occupational health * primary prevention, which is ori.?nted to pre-
in the army are not distinctly separate, but they are venting the risk;
very different (1) reducing negative job-health interac- * secondary preveittion, which is oriented to
tionsispre~vitiveand applies tl thegeneral population of reducing or pre-c,.ting the exposure; and
workers-, as well as to the individual worker; and (2) 9 tertiary prevention, which is oriented to reduc-
providing healthcare services is clinical and applies to ingor preventing -term impact of the health
the individual employee as a patient. These elements effect.
of the Employee Health Program can be discussed
separately. A basic tool for the preventive aspects of When using medical surveillance as a primary or
occupational health is ntedical survefllance. Job-related secondary prevention tool, we view the individua! as
medical surveillance in th: fieldof occupational health an employee. When we use medical surveillance for
consists of systematically and periodically collecting tertiary prevention, we view the individual both as an
and analyzing health data on groups of employees for employeeand asa patient. Thesurve ;anceresultsare
the purpose of early detection of the increased risk, or used for the diagnosis and treatment of the clinical
the actual presence, of negative job-health interac- condition and to indicate that a change (for example,
tions. Medical surveillance can be used to achieve light dcty) is needed in the workplace.
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Primary prevention is defined as size of the workers' pupils before and after they en-
tered the chamber. BZ exposure causes mydriasis;

a means of preventing the occurrence of illness or while mydriasis is not in itself incapacitating, it is
injury; for example, by immunization against infec- one of the most sensitive indicators of exposure. Not
tious disease and by using safety equipment to pro- until a worker was actually seen with mydriasis one
tect workers in hazardous occupations.- afternoon was it learned that the procedures used by

the workers to decontaminate themselves after their
It seeks to -educe or eliminate risk through interven- workshifts mightbeinadequate. Not realizing that her
tion before exposure to that risk. Thus, when the risks hands could have been contaminated, the worker
that are associated with a particular job and the health passed her hands over her hair and over herevesas she
chracteristics of the employee that place the em- showered, transferring the BZdirectly. The amount of
ploiee at increased susceptibility to those ris.s can be BZ was so small that only direct contact with her eyes
determined, then medical surveillance can be used to could have caused her pupils to enlarge. Therefore,
identify those employees who will be at the greatest showerinrprocedureswerechanged;theworkerswere
risk, and prevention can be directed at these employ- instructed to assume that their hands were potentially
ees. Of course, prevention cannot beeffective until the contaminated, and to wash them first. In this instance,
data from surveillance are used to enforce a change, medical surveillance was an effective secondary pre-
thereby reducing the occupational risk. vention tool; it did net Frevent exposure, but it de-

Primary prevention seeks to reduce or eliminate the tected the physiological effect of exposure before an
risk by avoiding exposure. For example, it can be as Important clinical event occurred.
simple as performing glucose-6-phosphate dehydro- Tertiary prevention includes both the detect.on and
genase (G6PD) tests on all who might be exposed to treatment of an illness, or the rehabilitation of an
nitrate-containing compounds, such as the explosives injured or ill person, sufficiently early in the course to
RDX and M6 (a propellant used for artillery). Expo- decrease the long-term impact that the iflnessorinlury
sure to nitrates can cause methemoglobin to form; may have on that individual. Medic-al surveillance is
the G6PD enzyme converts methemoglobin back to a tertiary preventiort too! when it is used to (a) docu-
hemoglobin. Individuals with the genetically deter- ment that the job has already affected an employee's
mined G6PD-enzymedeficiency (suchas thoseoflM•edi- health or (b) demonstrate that an employee is not fit for
terranean heritage) may be unable to make the conver- duty after an event has occurred.
sion rapidly enough to prevent signs of methemo- The following example demonstrates medical s'ar-
globinemia. Therefore, a one-time preplacement sur- veillance in its primary, secondar./, nd tertiary pre-
veillance forG6PD levels can prevent the worker from ventioa roles. Carpal tunnel syndrome (CTS) is a
being e'-posed,and thus avert the risk of methemoglo- condition associated with certain repetitive-motion
binemia by taking preventive action based on the occupations such as keyboarding. A medical surveil-
findings, lance program for keyboard operators could include

S-condaryprevvition includes both detecting delete- disqualification of any individual who reports previ-
rious health effects and intervening before an illness ously existing CTS on' preplttaement history. For this
become., clinically appaient, with the goal of retard- job, exclusion serves as primary prevention. Th•e pro-
ing, halting, or reversing the progress of the illness, gram would also include limited annual histories for
Medicalsurveillancecan beused" secondary preven- all keyboard operaors to detect the eazoiy - .-y toms of
!ion to detect job-related health effects prior to the CTS. Any positive findings (for example, subc!nical
ons.t of clinical disease. Surveillance becomes a sec- tingling irg the fingers' would be followed up by ac-
ondary prevention tool only when the data collected tions lodetermine workplace practk:es and to rule ont
areusedltoguideinterventionsthatareeffective. Other clinical disease. This medical surveillance program
than in hearing conseTration, there have been no sys- serves as secondary prevention when it has detectt\4
tematic efforts to conduct medical surveillance for subclinical findings and the Employee Health Pro-
soldiers, with the exception of the routine physical gram staff has taken action to prevent further exp•-
examinations required to remain on active duty. sure. The same program serves as tertiary prevention

During the deinlitarization of the chemical agent when a worker presents with clinical signsof CT'Sand
BZ (oneof theincapacitatingchemical warfareagents), the actions taken in the workplace are done to prevent
the workers were enrolled in a very strict medical further exacerbation of the cond;tion
surveillance program to assure that early signs and Medical surveillance is prospective and ongring irt
symptoms of exposure to BZ would be detected. Ira- rature. Effective, efficienw, and ^economical job-related
potant to this program was the measurement of the medical sure!lance must encompass (a) thedes-iqgnof
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thesurveillanceprogram, (b) the performanceofmedi- TABLE 3-1
cal screening, and (c) the use of the surveillance data. MEDICAL SCREENING VERSUS MEDICAL
The occupational healthcare professional must fully SURVEILLANCE
understand that medical surveillance and medical
screening are two different concepts (Table3-1). M edi- Characteristics
cal screening is the one-time determination of the Characteristics
presence or absence of a health characteristic in an Screening Surveillance
individual or a group at risk. Medical screening is
cross-sectional and periodic. Only rarely have one- Cross-sectional Prospective
time abnormal screenings demonstrated job-health Singular Longitudinal
interaction.

Lead exposure and its medical indicators illustrate Focuses on absolute values Focuses on trends
the concepts of medical screening and medical surveil- (normal or abnormal)
lance. Blood-leveldeterminationisanexce~lentscreen-
ing tool for lead exposure because an elevated value of
lead in the blood is related both to exposure and to surveillance for these employees is limited to periodic
lead's biological effects. Therearetwoactionlevelsfor screening to ensure that the workplace remains safe
lead. The first is the environmental exposure (cur- and the employees remain healthy.
rently, .0 gg/m 3 as a time-weighted average), which
deternines when blood-lead screening must be initi- Group 2
ated. The second is a blood-lead screening level of 60
;1g/dL, which requires removal from the lead expo- The second group of employees are these whose
sureand more frequentscreeninguntil theindividual's health or fitness status must be sufficient for them to be
blood lead level drops below 40 Mg/dL. able to (a) perfo-rm their work safely and effectively, or

Clearly, screening for lead is effective in situations (b) wear the personal protective equipment (PPE) re-
where excessive exposure to lead, ard elevated blood quired ata worksite. For example, a driver should not
levels of lead, occur. One-thie, normal blood levels of have any condition that could incapacitate him while
lead are of little use. However, if screening is con- he transports h-azardous cargo. Thus, medical stan-
ducted over time (for example, 5 years), even though dards for this job might include the absence of ir, ulin-
measured workplace levels of lead do not exceed the dependent diabetes mellitus, and a medical surveil-
action level, slowly rising normal levels can be de- lance program would screen the driver for diabetes.
tected. Stei.s can then be taken to cotrol lead expo- (Discrimination against the medically handicapped is
surebeforeanyirndividualworkerisadverselyaffected. not at issue here, if it has been documented that the
Careful screening together with directed actions con- medical condition will indeed comproa-,e the job.)
stitute effective medical surveillance. Therefore, de- The key to designing medicei surveillance for these
termining a blood level ef lead is medical screening, eoployees is to maintain clearly defined medical stan-
whereas comparing blood lead levels over time, dards. In the army, the staffs of Employee Health
whether the results are normal orabnorm-al, is medical Programs do nt have the authority to publish medical
survei!lance, standards, especially if employees must meet these

standards if they are to retain their jobs. The sole
I Dtermining the Nee! f-or Surveilance authority for medical standards belongs to the Office

of Personnel Management through the Civilian Per-
Designing an effective ssurveillance program and sonnel Office. However, phys;cans should work

tailoring it to a gien group of workers begins with closely with personnel officers to ,evelop medical
de' teTrining (al te reason for the surveillznce and (b) standards when appropriate.
the health characten=tos that should b-. menitored. Performance-related imedical standards thataddress
For these purposes, all employees can be divided intc requirred capabilities are. preferred to s !ciftcaion-re-
three b,"sc groups, hlted medical standards, which require documenta-

tion of the absence of specific results of screening tests.
Group I For example, a medical -surveillance program should

be designed to ensure that employees who are. re-
The first group of employees perform j,•ts that quired to wear respiratory protective equipment are

require minimal physical exertion ana havc ;it'tle po- physically capable of doing so. Disqualifying factors
tential for exposure to job-related hazards. Medical for wearing a respirator safely could include wearing
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a beard (which would compromise the seal) and ab- • Theassumptionthataworkermighthavebeen
normal or borderline pulmonary function. exposed does not mean that a biologically sig-

An appropriate performance-related medical stan- nificant dose will also have been received.
dard ( uld state that any employee required to wear a * The assumption that a biologically significant
respirator (a) not wear a beard and (b) have no evi- dose has been received does not necessarily
dence of compromised pulmonary function. In this mean that the dose will have been sufficient to
case, the occupational health physician might decide cause a negative health effect.
that heorshewill determinethe presenceorabsenceof * Likewise, theassumption that a negative health
compromised pulmonary function, especially in a effect has occurred does not mean that an ap-
younger population, merely by talking to and observ- propriate screening test also exists.
ing the employee periodically.

On the other hand, a specification-related medical The level of exposure sufficient to trigger concern
standard could indicate that pulmonary function for a group of employees is sometimes difficult to
tests must be performed annually, and that an em- determine. However, if an obviously uncontrolled
ployee with an FEVI (forced expiratory volume in 1 exposure is occurring, preventive medicine dictates
sec)lowerthan7O% of that expected fortheemployee's that action be taken to alleviate the exposure witiaout
age group would be removed from the job. This screening forhealth effects. Whereuncontrolledexpo-
specification-related medical standard requires sure has not been documented, the probability that
unnecessary testing and also raises insurmourtable health effects can be demonstrated through surveil-
quality assurance, medicolegal, and ethical difficul- lance is very low. Basing the need for surveillance on
ties. Fortunately, few published medical fitness stan- the assumption that any exposure will cause negative
dards exist. The army's Employee Health Program healtn effects is neither cost effective nor sound prac-
staffs have the opportunity and the responsibility to tice of occupational medicine.
work closely with management in developing local Other factors further complicate surveillance de-
medical fitness standards that are tailored to indi- sign. We cannot assume that all subjects in a given
vidual installations, population will be exposed identically; aiso, we can-

not assume that they will respond to exposure identi-
Group 3 caily. For example, in an army ammunition plant, two

workers standing side by side at av assembly line may
Thisgroupofemployeesworkswithpotentialchemi- be exposed to completely different levels of propellant

cal, physical, or biological hazards and require med- for so simple a reason as a difference in the air flow.
ical surveillznce for the following reasons: Even if they were exposed identically, the two might

not demonstrate the same toxic effects. Nitroglycerin
"* to meet requirements where workplace expo- unintentionally inhaled or ingested in the workplace

sures exceed one of the federal exposure stan- has exactl) the same biological effect, vasedilation,
dards, as nitroglycerin taken as a prescribed medication.

"- to detect exposure-related health effects early, One workermightbeverysusceptibledueto hiscardio-
"* tomonitorthepffectivenessofthecontrolsand vascular status, while a coworker could be completely
"* to monitor the extent of the exposure. unaffected.

Once an exposure justifies medical surveillance,
Several acceptable means exist for tailoring job- other assumptions must be made cuncerning the ef-

related medical surveillance for this groupof employ- fects on health. First, most toxic substances affect
ees. Medical surveillance can be based on job titles, specific organ systems in specific ways. Often the
worksitvs, or documented exposures and individual toxicity of the substance depends on the route of
susceptibility. exposure, a."iheal&h effectsvaryvith theleveland the

duration of,.e,*osure. Standard toxicology textbooks
Designing Medical Surveillance u-ually list all theeffets on -•ezlth that awe associated

w•,h a given poison. If. frestaffoftheEmployee HeAlth
A medical surveillance program that is based solelý Program desigmanscreeming pz r= to demonstrate

on the assumption that exposute has occurred is un- the absence of evc'v torc e~fect a particular agent
likely tobec(.st effective. Numerous factorsconaribute might cause, tre stair uiill,Ll et.ect, be trying.o proue
to determining the need for and content of medical a negative. Such a pagramw .libe nerffher coae:ffK-
surveillance: tive nor useful.
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Instead, the occupational health physician must use Medical Surveillance Screening Tools
professional judgment to determine the organs most
likely tobe affected if a negative job-health interaction Four medical screening tools are available: (1) the
has occurred. The OTSG has accepted criteria for deter- interim history, (2) a limited physical examination, (3)
mining the most likely sentinel toxic effects, including diagnostic laboratory screening, and (4) biological

monitoring. The effectiveness of these tools is measured
" the health effect on which the OSHA permis- by their sensitivity, specificity, cost, acceptability, ease

sible exposure limit (PEL) or the American of use, accuracy, and reproducibility (Table 3-2). Few
Conference of Governmental Industrial Hy- screening tools meet all criteria for widespread use.
gienist (ACGIH) Threshold Limit Value (TLV) Figure 3-6 provides a visual presentation of the
was originally based, relationships among sensitivity, specificity, and posi-
.iny health effect demonstrated to occur after tive predictive value. Sensitivity is the percentage of
exposures to airborne levels up to twice the positive test results in a population that has the char-
PEL or the TLV, and acteristic being tested (true positives). Specificity is the

"* any health effect in animals, if the exposure percentage of negative test results in a population that
was up to twice the PEL or TLV, and if other does not have the characteristic being tested (true
related chemicals are known to cause similar negatives). Positive predictive value depends on the
health effects in humans. specificity of the test a=.d the prevalence of the condi-

tion in the population. Quite simply, positive predic-
Some employees may require job-related medical tive value is the percentage of true positives amaong all

surveillance to meet minimum medical standards, as positives. However, in the case of job-related medical
in the case of the second group of employeesdescribed surveillance, positive predictive value and true posi-
above, and due to potentially hazardous exposures, as tives must also take into account the specific etiology
in the case of the third group. Although it makes good of the specific effect (that is, the job-relatedness). A
sense to conduct all required surveillance concurrently, patient's liver-function test may beabnormal, but when
the occupational health practitioner must assure that considering the patient as an employee, this abnor-
the principles outlined for both groups of employees mality is relevant to occupational health only if the
are applied. abnormality is caused by a job-related exposure.

To expand further on this example, liver-.function
Determining the Screening Content tests can be demonstrated to have very low positive

predictive value for job-related medical surveillance.
After the need for medical surveillance has been Assume thata worker population hasa5% prevalence

determined, the content of the surveillance must be of job-related liver disease, and that liver-function
designed. tests have 100% sensitiviiy. Also assume that liver-

TABLE-3-2

STRENGTHS AND WEAKNESSES OF MEDICAL SCREENING TOOLS*

Interim Medical Limited Physical
History Examination Laboratory Procedures BiologicallMonitoring

Sensitivity + ++ -+

spedcfidty + +/- _ +

LowCost ++ ++ +/- +/-

Acceptability ++ ++ +/- +/-

Ease of Performance ++ ++ +/- +1-

Accura•- c.-- +/- ++ ++

Reproducibility +/- +/- ++ ++

"Assume.sadequate €inical skitll and state-of-Ihe-art technology
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Fig. 1-6. A visual representation demonstrating the mathematical relationshipsamong px-sitiveand iiegative test results and
disease pr-esence or absence. Th e relatiornships are dependent on test sensitivity and specificity and on disease prevalence.
Figure. Courtesy of David F. Cruess, PhD, Professor, Department of Preventive Medicine and Biometrics, F. Edward -H~ert
School oc Medicine, Uriformed Services University of H'ealth Sciences, Bethesda, Md; 1993.

function tests have a soecificity of 90%. The results of whoreportchangesinalcohol.toleranceand areknowxu
100 liver-function tests in this population would be 5 to be exposed to hepatotoxins) is another.
true positives and 10 false poiieThe positive The most valuable medical screening tool, is the
predictive value would be tru"e positives outof a total interim occupational and medicai history, which is
of 15 positives, or 33%. This example does not include used throughout the employee's participation in the
the prevalazce-of non-job-related liver disease (cer- Employeel-Health Program. In most cases, the interim
tainlv Pot an uncommor entity), which would reduce history constitutbs the only screening necessary for
the positive predictive value for job-related disease medical surveillaance because the army's workforce is
even further. Using low-specificity screening (such as releatively healthy and job-telated illnesses are rare. A
liver-function tests) often results in expensive, time- well-constructed interimt histor y can
consu~ming follow-up. Obviously, selecting a more
specific screening tool is one solution to this problem. - confirm information about an individual's job,
Beinigveryspecfifcinthepopulationselected forsaxeen- * confirm tE'ýemployee's useof pesonal protec-
ing (that is, doing liver-function tesison those workers tive devices,
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"* confirm exposure history, tests, this information-because it is so broad and
"* determine possible changes in health status, nonspecific-may or may not be valuable. Many
"* determine the need for further screening, medical personnel conclude, erroneously, that because
"* establish an appropriate relationship with the thelistsare published byexperts, physiciansare there-

employee, fore obligated to perform all the tests listed for each
"* observe the employee for signs of decreased specificexposure. However, theguidelinesaddressall

fitness, and potential exposures; professional judgment is essential.
"* provide the employee with job-specific health The only professionals who can determine which tests

education. are necessary are the physidan, the nurse, or the
physician's assistant, who have talked lo the employee,

A limited physical examination directs the physi- visited the employee's workplace, and determined the
cian to look for specific findings that the interim his- possible healtheffects forwhich adiagnosticscreening
tory or published medical standards have already test is indicated and available.
suggested. By limiting the examination to target or- Biological monitoring includes all of the same char-
gans, the specificity increases and the examination acteristics as diagnostic laboratory screening and can
becomes useful for medical surveillance. But simply alsomeasurea toxicagentoritsmetabolitesinabodily
instructing a physician to administer an examination fluid. Biological monitoring can be an excellent medi-
wvith emphasis on a specific organ system does not cal surveillance tool because of its high specificity, but
alh-ays direct the physician sufficiently. For example, such monitoring is available for very few occupational
published medical surveillance guidance for workers hazards(forexample, for lead,blood lead; forbenzene,
who are exposed to isocyanates recommends an an- urine acetone; and for polycyclic aromatic hydrocar-
nual examination "with emphasis on the respiratory bons, specific DNA adducts). Audiogramscanalsobe
system."z3 Such guidance is inadequate. If the exam- used as medical surveillance tools tomonitorforexpo-
ining physician is unaware that isocyanates are pul- sure to noise.
mortary sensitizers that cause job-related asthma, he
or she may examine the patient an Monday morning Timing the Screening
(before exposure has oxcurred) an-.d note normal find-
ings on chest atuscultation. But if the physician had Thetimingofmedicalscreeningisessential. Screen-
been advised to listen for whe•_zing after exposure to ing is conducted before job assignments are made,
isocyanates, the examination could have been con- periodically during employment, and on termination
ducted after the worker was expc3ed on Wednesday of employment. It also can be conducted in conjunc-
afternoon. This examination, directed toward a spe- tion with the preplacement examination in order to
cific finding, might also be quicker and easier. just provide baseline data for comparison with future sur-
examining the chest is compleiely different from spe- veillancedata, and to document thepreexposure health
cifically listening for wheezing after an exposure to a status. Periodic medical screening is conducted at
known pulmonary sensitizer. routine intervals and should always include an in-

Diagnostic laboratory screening tests are the third terim history. The content of periodic screening need
medical screening tool. For laboratory screening to be not always include the entire spectrum of screening
effective, the test's specificity is of paramount impor- tests, but the appropriate tests should be selected
tance. Abatteryoftestsona groupof employeesbased based on the interim history, the latency period of the
on their job description, or on the presumption of most likely health effect, and the time required for
exp-•ure, can be costly (the cost of initial and follow- physiological or physical changes to be of sufficient
up testing) and quite Rikey will not discirminate be- magnitude for detection.
tween true positive results (which could indicate a job- To determine the appropriate time of the day or the
related heal th effect) and false poitive results (which week for screening, the occupational health physician
are either spurious or have nothing to do with the job). must consider the reason for the screening. For ex-
Diagnostic laboratory screening is not able to deter-t all ample, in searching for long-term cumulative effects,
of tne sentinel target organ effects on healtb (such as or in documenting fitness to work, screening might
most early cancers), and one-time screening values, best be conducted early in the day and early in the
reb,rdless of whether they are normal or abnormal, week, to decrease the likelihood that test results will
are .;iten useless. reflect transient effects. Hearing tests, for example, are

Even though published medical survei!lance grid- done after a A8-hourquiet period (such as a weekend).
a:nce (for example, DoD Manual 6055.5-Mi for specific However, if acute effects are being sought, or if the
hazards includes a comprehensive list of laboratc7y extent of exposwie is being documented, screening
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both later in the day and later in the week may be more mend a job change.
appropriate. Thus, the easiest way to ensure that When published medical standards do not exist, the
screening is appropriate is to (a) conduct the initial staff must use their professional judgment about the
interview at any convenient time, and then (b0 conduct possible relationship between screening results and
further screening at a specifically appropriate time. the job. However, if surveillance results indicate that

the job has affected an employee's health, then the
Using Medical Surveillance Results staff cannot assume that only one employee is at risk.

They must assume that a sentinel event has been
The success of a medical surveillance program de- detected and vigorously pursue surveillance of the

pendson how thecollected data are used. Whetherthe potentially at-risk population. In addition, the staff,
data show normal or abnormal findings, the results tcgether wxt. the industrial hygienist, safety officer,
must be used to prevent any negative job-health inter- and engineer must intervene at the job site to
action. Normal medical screening results. Lfzr ex-
ample, can be used as a basis for comparisor with .* subb-itInonhazardous substances;
future screening, for altering the content of future -reduceexposure with,engineering controls;
screening, fordocumenting that the employee is fit for * reduceexpesure with administrative controls;
work, and for ensuring that control measures aread- • limit infternhdosesfiy using PPE, and;
equate. * when neces•ry, remove employees from the

Abnormal screening results require more action. job.
First, the physician, physician's assistant, or nurse
must inform the employee of the results and recom- Far too oifn, occupational health staff are unin-
mend appropriate medical follow-up. If,afterthe first- fornvo. The-'y equate medicaLsurveillance with occu-
level screening, a diagnosis or relationship to the job patiorm health. Furtnermo-e, they equate medical
canno, be determined, the staff must conduct more screening wzth rredical surveillance. While both are
comprehensive testing until a negative job-health re- dearly very important to the Employee Health Pro-
lationship is either verified or eliminated. Further- gram, if they are. not (a- performed with insight and
more, when abnormal findings demonstrate that an planning and (iW) followed up with prevention-ori-
employee is unfit for work, according toeitbei-medical ented actions, ncito•nyae-time and money wasted,but
standards or physical requirements, the staff must thejob-related healtheffects.thatare occurring may be
work with the Civilian Personnel Office and mecoim- undetected tuntil it is too late to help the workers.

OCCUFATIO NAL H EI CARESER VI

A numberof EmployeeHealth'Progravis, inciuýEng Freventive!MedidcriServices
those for medical, dental, and veterinary pessanne
provide preventive medicine services bassed or. the The. EIrp lye He af.Ir rogram for Healthcare
concept of surveilIhice, inz:iuding (a) the-Employee Wzrkmez
Health Program for healthrare workers, (b) health
education, (c) heal.f, promision, td) admmistrave Due to the wide range of potential healih hazards
medical examinations, (e) mrmirng absences due to pre.sent in healthcare facilities, healthcare personnel
illness, (P) job-related insizmations, ýg) reproduc- must also be included in the installation's Employee
tive-system suzveillance, (hWsmeillance oi personnel Health Program. Compared to the total civilian
with chronic diseases or physxai di&sabilitics,,,azrd (i) workforce, hospital workers have a higher rate of
epidemiologi.al studies- workers' compensation claims for sprains and strains,

Other health semvicesareclinm_. includrig taimner- infectious and parasitic diseasess, dermatitis, hepatitis,
gency treatment o? .1nessardr.mp-y and (b) preven- mental disorders, eye diseases, influenza, and toxic
tion and conl'rol offcohanddrugabuse. All orthese hepatitis."'
preventive rneasarei,.nerateagrmtrdcalofinferma- Some of the health hazards encountered in the
tion about the en ._wee's health staus that must not healthcare environment differ from the hazards at
only be documented nrecoirsand.reports but also be installations, but the Employee Health Program for
used to support the ultrmate goai of deprevention of healthcare personnel is the same as that for other
negative job-health fiteractions. workers. Furthermore, the same staff provides em-
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ployee health services to both populations. The pro- immunizations, monitoring absences due to illness,
gram attempts to achieve two objectives: first, to pro- and pregnancy surveillance, which are discussed later
vide a safe and healthy working environment; and in this chapter. Monitoring absences due to illness is
second, to assist the employee in maintaining optimal especially important in controlling the spread of infec-
health and efficiency in his or her job. tions from healthcare personnel to patients, and to

Infectiousdiseasesarea majorconcem forhealthcare identify and document the occupational diseases that
personnel. Not only can infections be transmitted to are transmitted from patients toemployees. The trans-
healthcarepersonnel, butthroughthem,secondarytrans- mission of infections signals that prevention mecha-
mission to patients can also occur. Close coordination nisms may not beoperating optimally and may dictate
with the infection-control nurse and the infection- that an epidemiological investigation be initiated.
control committee, continuing education, and envi- Healthcare personnel are at risk for potential expo-
ronmental control, are required in the MTF. Strict sure to chemical, physical, and biological hazards. As
compliance with regulations and with the guidance of in any other work area, the industrial hygienist must
the infection-control program is essential. These regu- developa comprehensive health-hazard inventory that
lations include identifies the hazards in the MTF. (These hazards are

addressed in Chapter 4, Industrial Hygiene.)
"* DoD6055.5-M, Occupational Health Surveillance

Manual; Employee Health Education
* U.S. Army Environmental Hygiene Agency

(USAEHA) Technical Guide 143, Evaluation of Job-related health education, which trains employ-
OccupationalExposuretoEthyleneOxideinHealth- ees about the health hazards associated with their
Care Facilities, which will be published in Tech- occupations, is mandated by law and is primarily the
nical Bulletin Medical (TB MED) 512; responsibility of supervisors.' They need the sup-

"* USAEHA Technical Guide 149, Guidelines for port of several disciplines--safety, nursing and medi-
the Preparation, Administration, and Disposal of cine, industrial hygiene-and the civilian and military
Cytotoxic Drugs; personnel office training staff to adequately train their

"* TB MED 510, Interim Guidelines for the Evalua- employees regarding the diverse hazards of the work
tionandControlofOccupationalExposureto Waste environment.
Anesthetic Gases; and The nurses and physicians educate the employees

"• AR 40-14, Control and Recording Procedures for regarding the health consequences of workplace haz-
Exposure to Ionizing Radiation and Radioactive ards. The information they provide should include the
Materials. signs and symptoms of exposuie to each hazard, the

appropriate emergency medical treatment for acute
Employees who work in hemodialysis units, blood exposure to each hazard, the required medical surveil-

banks,andbiologicallaboratoriesfacesignificanthealth lance for each hazard, and the necessity for PPE or
risks as the result of occupational exposures to blood clothing for each hazard. The Employee Health Pro-
and other potentially infectious materials that contain gram staff may provide job-related health education
blood-borne pathogens. Blood-borne pathogens in- individually during job-related health evaluations, or
clude the hepatitis B virus, which causes hepatitis B, to groups of employees who are exposed to the same
and the human immunodeficiency virus (HIV), which hazards. Documentation of the education is required
causes the acquired immunodeficiency syndrome in the occupational medical record.5
(AIDS). Hepatitis B is the major infectious occupational job-related healtheducationalsoencompassesother
health hazard in the healthcare industry. Both the hepati- areas that need the support of the Employee Heelth
tis B virus and the HIV virus can lead to a number of Program staff. These include
life-threatening conditions including cancer. (Therisks
associated with these blood-borne pathogens are dis- * orientation and guidance of supervisors re-
cussed further in Chapter 5, Health Hazards to garding their responsibilities for employee
Healthcare Workers.) OSHA is currently developing health,
an exposure standard for occupational exposure to * orientation of employees to the services that
blood-borne pathogens. the Employee Health Program provides, and

Cer tain aspects of the Employee Health Program - modification of the work practices that can be
are important to healthcare personnel because they changed by health education to prevent injury
can help prevent nosocomial infections, including or illness.
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Physicians and nurses also provide general health Small-Group Counseling. The occupational health
education to assist the employee to achieve optimal nurse may conduct small-group counseling sessions
health. This education is usuaily given at the time that on specific problems or habits that affect employee
the employee receives healthcare or approaches the health. Before planning these programs, i.. sential
employee health staff with questions or problems. to perform a needs assessment (that is, to determine the
Small-group sessions may address specific conditions perceived medical needs and interests of the employ-
or habits when a group of workers is identified to have ees). Small-group counseling programs require their
a common problem and help is requested. Group participantstomakealifestyleorabehavioralchange.
education may be especially effective in dealing with The programs must be designed to help individuals
health problems or habits such as diabetes (or other adopt positivehealth-related behaviors, such assmok-
chronic diseases), obesity, and smoking. ing cessation, stress management, and good nutrition,

Healthcare personnel may distribute educational to help them attain a higher level of well-being. The
pamphlets to employees as a supplement either to planners of these programs should optimally utilize
group sessions or to individual education. This will availableMTFs, installations,orlocalcommunityhealth
help to reinforce the training provided. They may also resources such as the American Heart Association or
publish health information asarticlesof interest within the American Cancer Society.
the installation, which can be disseminated to the Mass Screening for Diseases. Another voluntary
employee population. health promotion activity that the Employee Health

Program may perform is mass screening fordiseases--
Health Promotion either single-disease or multiphasic-disease screen-

ing. Single-disease screening may detect one medical
The U.S. Army Health Promotion Program, an in- condition such as high blood pressure, while

stallation command program, is designed to promote multiphasic-diseasescreening offers testssuch as those
and maintain the physical well-Keing and fitness of for blood sugar, hearing, and vision. In planning a
both military personnel and civilian employees.2- Al- mass screening, coordination with the MTF and oiher
though civilian employees are encouraged to partici- community resources can be advantageous. In addi-
pate in fitness and exercise programs, only employees tion, the following questions need to be considered:
in jobs with physical fitness requirements, like
firefighters. will be granted regular time off from work & Do the prevalence and seriousness of the dis-
to participate in physical fitness training, ease or condition justify the cost of interven-

The commander may approve up to 3 hours of tion?
administrative leave per week to allow other civilian * lstheprocedureapp:opiiatetothehealthgoals
employees to participate in command-sponsored physi- of the age group. and is it acceptable to the
cal fitness exercise training, monitoring, or education. population?
These activities must be an integral part of a total 9 Is the procedure relatively easy to administer,
fitness program and be limited to 6 to 8 weeks in easy to interpret by heafthcare professionals,
duration. Employees may, however, participate in and available at reasonable cos'?
these programs in their off-duty time. * Are resources available for follow-up diagno-

The physical fitness program responsibilities of the sis or therapeutic intervention?
Employee Health Program staff are minimal. They 9 Will appropriate referrals be made as indi-
may provide maedical examinations for the employees cated?
in jobs that have physical fitness standards in order - Is there an evaluation of the mass screening
to determine their ability to participate in an exercise program's effectiveness?
program. The occupational health nurse may refer
employees or may seek consultation from the health Health Maintenance Examinations. While health
promotion program staff for certain programs such maintenance examinations can be offered to civilian
as nutrition or smoking cessation, in order to provide employees, they are not a requirement for the job;
these in the Employee Health Program. however, employees are encouraged to participate.

The EmployeeHealth Program servicesincludehealth The examinations should be tailored to specific health
promotion activities such as (a) small-group counseling, goals and professional health services that are appro-
(b) mass disease screening, and (c) voluntary health priate for different age groups, rather than performing
maintenance examinations. All health promotion ac- identical tests and examinations for the entire em-
tivities for civilian personnel are the lowest priority ployee population. Regardless of the scope of the
and are offered only when the resources are available, examinations, appropriate follow-up is crucial.
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Administrative Medical Examinations physical fitness standards, potentially hazardous duty
exposures, or when the examination is required by the

A basic premise of employment by the federal gov- employing agency.-" The local Civilian Personnel Of-
ernment is that employees must be fully qualified to ficer determines the positions that require preplace-
perform the essential duties and responsibilities of ment health evaluations. Generally, most wage-grade
their positions safely and efficiently, without undue positions are considered arduous or hazardous and
risk to themselves or others. However, employees require a preplacement examination.3 By compari-
need to have only the minimum physical abilities that son, GS positions are considered light duty and do not
are necessary to fulfill this requirement. The purpose require a preplacement examination, except for a few
of performing an administrative medical examination occupational series."
is to determine the employee's physical and mental The local occupational health physician determines
ability to perform the job. Management needs this the specific content of preplacement examinations.
information to make employment decisions: virtually The physician must consider the duties and require-
all employment-related decisions involving an mentsof the position includingenvironmental factors,
applicant's health status are made by management, legal and regulatory requirements, and any other fac-
notbyphysicians. Theroleoftheexaminingphysician tors that are directly relevant to determining the
in employment decisions is limited to determining the applicant's ability to perform the job safely and effi-
stability of the individual's medical condition and ciently. Additionally, if the applicant is assigned to a
whether the individual meets the medical require- work environment that is potentially hazardous to his
ments of the job. or her health, the occ ipational health physician must

The Office of Personnel Management has estab- administer baseline s.-reening tests and examinations
lished medical standards and piuysica! requirements for a (an audiogram for noise exposure or an electrocardio-
few specific jobs.7 Medical standards describe (a) the gram fornitroglycerinexposure) that arespecificto the
minimum health status or fitness level that has been hazards. All assessments should include
determined to be nr.cessary for safe and efficient per-
formance and (b) the medical conditions that are con- • a personaland family health history, including
sidered to be disqualifying for certain jobs. Physical a reproductive history fer both men and
requirements differ from medical standards in that women, and a smoking and alcohol history;
they describe the physical abilities that an employee * a detailed work history, including thelength of
must have to perform the tasks included in a job, such employment in each job and the nature and
as the ability to lift 50 lb. duration of exposure to hazardous conditions;

The types of physical examinations that are admin- and
istrative include (a) preplacement examinations, (b) • a general medical history.
periodic examinations. (c) fitness-for-duty examina-
tions, and (d) disability retirement examinations. Certain forms must be completed to document the

PreplacementExaminations. Preplacementexami- administration and findings of the preplacement ex-
nations (that is, examinations that are performed be- amination. TheSF78,CertificateofMedicalExamination,
fore the employee commences working) enable the and theSF93, Report of Medical History, arerequired for
occupational healthphysician to assess theemployee's all appropriated-fund applicants who are required to
physical abilities and limitations with respect to job undergo a preplacement examination. Similarly, DA
requirements, and to document baseline data for fu - Form 3437, Certificate of Medical Examination, and the
tureusein theevaluationofpotentialworkplaceexpo- SF 93 are required for nonappropriated-fund appli-
sures. Preplacement examinations also identify sus- cants. The Civilian Personnel Office usually forwards
ceptible individuals who might be at higher risk for the SF 78 and DA Form 3437 to Employee Health
developing diseases related to specific occupational Program staff members, indicating the specific job's
exposures; forexample, people of Mediterranean heri- physical requirements and environmental factors.
tage can develop hemolytic anemia after being ex- Although theOfficeof Personnel Managementdoes
posed to reducing agents, whereas their similarly ex- not requirea preplacement examination forapplicants
posed but non-Mediterranean coworkers will not. This for positions with duties that are usually sedentary or
helps to ensure that employees' job placements are only moderately active, these applicants must coin-
safe. plete forms prior to employment to establish their

Office of Personnel Management policy limits man- medical qualifications. Appropriated-fund applicants
datory preplacement medical examinations to person- must complete the SF 177, Statement of Physical Ability
nel who are applying for positions that have specific for Light Duty Work and nonappropriated-fund appli-
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cantsmustcompleteDAForm3666,StatementofPhysi- * the agency's obligation to consider informa-
cal Ability for Light Duty Work. Even though a tion from the individual's physician.'
preplacement examination is not required for light-
duty workers, Employee Health Program personnel Theemployeemustsubmitmedicaldocumentation
must obtain a general medical history for these appli- when a change in duty status, working conditions, or
cantsusingtheSF93,ReportofMedicalHistory. Baseline any other benefit or special treatment for medical
screening, such as for blood pressure, vision, and reasons is requested. Theagencyrequestingthemedi-
hearing, is recommended if resources are available. cal examination or documentation must pay the rea-
Additionally, hazard-specific baseline screening tests sonable costs that are associated with obtaining the
must be done if the light-duty applicant will be as- examination or information. Should the employee
signed to a potentially hazardous work environment. request the examination while in the process of apply-

Periedic Examinations. The purpos-e of adminis- ing for a benefit or special consideration (such as
trative periodic examinations is to verify an employee's extended sick leave or reassignment), the employee is
continuing ability to perform the job. However, the responsible for paying the cost of the examination.'
purpose of periodic job-related examinations is to The supervisor is responsible for making requests
determine the effect of the job on the health status of for fitness-for-duty examinations through the Civilian
the employee. Although the Office of Personnel Man- Personnel Office. The Civilian Personnel Offike then
agement specifically requires that only a few positions forwards all background data that pertains to the
have periodic examinations, it is good occupational request to the Employee Health Program staff. This
health practice to perform annual examinations on all information is essential for the physician to make a
employees whose positions have medical standards valid medical determination.
or physical requirements&ý Several ARs address
periodic examinations, including AR 42D-90, Fire Pro- Monitoring Absences due to 1llness
tection; AR 190-56,The Civilian Policeand Army Security
GuardProgran;andAR600-55,MotorVehicleDriverand Supervisors and the Civilian Personnel Office are
Equipment Operator Selection, Training, Testing, and responsible for absentee personnel. However, the
Licensing. Employee Health Program staffshould contribute sig-

The administrative periodic examination requires nificantly to keeping employees healthy and present
that the Employee Health Program staff mecord the on thejob, to minimizethecostof the timelostbecause
results. For appropriated-fund civilian employees, ofabsencesduetoiUness. Medical monitoringensures
either the SF 78, Certificate of Medical Examination, or that the employee is well enough to perform his job
SF 88, Report of Medical Examination., is used to re- safely, but it is nota means to monitor the use of sick
cord results. The results of administrative periodic leave. At no time should the Employee Health Pro-
examinations for military personnel are recorded only gram staff be requested or used to check on suspected
on SF 88. malingerers when they are out of work on personal,

Fitness-for-Duty and Disability Retirement Ex- sick, or workers' compensation leave. The identifica-
aminations. Fitness-for-duty and disability retire- tion and control of the abuse of leave benefits is a
ment examinations determine the employee's contin- supervisoryand Civilian PersonnelOfficeresponsibil-
ued capability to meet the physical or medical ity. Management, employees, and unions should un-
requirements of a position.'7-v A federal agency may derstand this for the monitoring of absences due to
offer a medical examination that includes a psychiatric illness to be effective.
evaluation or psychological assessment, or it may re- The requirement and responsibilities for monitor-
quest the employee tosubmit medical documentation ing absences due to illness must be included in the
in any situation in which it is in the government's installation occupational health regulation so that the
interest to obtain medical information that is relevant medical aspects can be implemented. The medical
to an individual's ability to perform safely and effi- monitoringofabsencesduetoillnessincludesevaluat-
ciently. Whenever an agency either orders or offers a ing, treating, or referring employees who become iU or
medical examination, or requests medical documenta- are injured during duty hours. The purposes of this
tion, the employee must be informed in writing of the service include the appropriate disposition of ill em-
following: ployees, the staff's provision of health education, and

the staff's increased awareness of the types of health
* the reasons for the examination, problems in the employee population. The monitor-
* the individual's right to subimit medical infor- ing program also increases the staff's capability to

mation from his or her own physician, and detect sentinel job-related health effects by knowing
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the reason fer employees, absences from work. (Man- nel provides those who are at risk with appropriate
hou-s can also be conserved if palliative treatment is immunizations and chemoprophylaxis. An OTSG
provided forminorillnessesorinjuriesand employees policy letter mandates hepatitis B immunizations for
are able to quickly return to their jobs.) all active-duty members of AMEDD."2 This policy

"The Employee Health Program staff should evalu- letter also advises that civilian healthcare personnel at
ate the health status of civilian employees who are risk should individually be encouraged to be Immu-
returning to work afteran absencedue to illness.5 This nized, unless immunization is specifically mandated
evaluation is essential whether or not the absence was in their work agreements or job descriptions. In addi-
occupationally related: it ensures that the employee is tion tohepatitis Bimmunizations, the Employee Health
well enough to work. The results of the evaluation Program may provide
may reve;l that the employee cannot return to his or
her regular job, but is able to perform some other type * rubella, tetanus, and influenza immunizations
of work. The occupational health physician can then for medical and dental personnel;
recommend work limitations. An evaluation after an • rabies prophylaxis for veterinary staff and ani-
absence due to job-related illness is also essential to mnal handlers;
document the accident or illness accurately in the * specific vaccinations for the staff who work
occupational health record. with pathogens in research and medical labo-

The occupational health physician and the Civilian ratories; and
Personnel Officedetermine theduration of the absences * tuberculosis screening for high-risk dental,
and theillnessesthat requirean evaluation forall person- medical, and veterinary personnel
nel except those who are off due to job-related cases,
personnel in patient-care positions, and personnel who The staff provides or arranges for appropriate im-
handle food. These employees are requird to report to munimations, chemoprophylaxis, and other preven-
the staff for evaluations after any fi.nss.& As a rule, rive measures against communicable diseases such as
instructing all other employees to clear through the tetanus, rubella, and tuberculosis. Beforedetermining
Employee Health Program after a nonoccupational ab- which immunizations and chemoprophylaxes should
senceduetoillnessthatislongerthan5workingdayswill heoffered tocivilian personnel, theoccupational health
meet the medical monitoring objective without physician must assess the specific biological hazard
overburdening the Employee Health Program staff. and the potential effectiveness of a vaccine to control

Monitoring absences due to illness includes per- theproblem. Theoccupationalhealthphysicianshould
forming medical evaluations when they are necessary use the current Recommendations of the Immunization
in support of the Federal Employee's Compensation Practices Advisory Committee, which is published by the
Act claim cantroversions (that is, legal actions that are US. Public Health Service, Centers for Disease Con-
taken when the employer does not agree with the trol, as a reference in making these determinations.
employee that a compensable illness or injury has Immunizations for military personnel must comply
occurred). Medical evaluations are also necessary for with AR 40-5 62e and guidance from the OTSG.
employees who are expected to be absent from work The staff may also offer immunizations that are not
for 2 or more weeks due to a job-related illness or job-related. For example, influenza immunizations
injury.5 These evaluations may require only a review are offered to civilian personnel in an effort to reduce
of medical reports or they may call for an appropriate absenteeism due to illness.
examination. Theoccupational health physician should
request specialty consultation when it is indicated. Surveillance of Employees Exposed to Reproductive

Hazards
Immunizations

Surveillanceminimizesoccupationallyvengendered
Some occupational settings may increase an risks to the health of the pregnant employee and her

employee's risk of infection. For example, the poten- fetus, and to the health of the reproductive system of
tial for increased exposure to biological hazards exists the male employee. Therefore, this surveillance must
in hospitals, medical and dental clinics, animal-care include both male and female civilian and military
facilities, child-care centers, biological research labo- employees, because the biology of reproduction dem-
ratories,and waste-disposal facilities. Employeeswho onstrates clearly that both males and females are at
travel to foreign countries in an official capacity are risk from workplace hazards to the reproductive sys-
also considered to have an increased risk of infection, tern,m' and is emphasized for nursing, dental, medical,

The immunization program for healthcare person- and veterinary personnel.
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In addition to evaluating pregnant women for po- Program staff need not periodically follow up this
tential exposures to chemical, physical, and biological initial evaluation. However, the interviewer should
hazards, exposures to nosocomial hazards (such as advisetheemployeeduringtheinitialevaluationthatthe
cytomegalovirus, herpesvirus, and rubella) in the MTF occupational health nurse should be contacted imme-
must also be evaluated. Pregnant women should diately if anychangesoccurin herworkenvironment.
avoid unnecessary or regular contact with patients Coordination between the Employee Health Pro-
who either have hepatitis or who could be carriers of gram staff and the pregnant employee's attending
the hepatitis virus: maternal infection with hepatitis B physician is essential. The occupational health physi-
virus in the latter stages of pregnancy may cause cian is familiar with the demands and exposures of the
significant illness and death to the newborn. job, but the attending physician might be unfamiliar

A pregnancy surveillance program is the responsii- with the potential hazards that are present in the
bility primarily of the occupational health nurse, in employee's work environment. When questions that
accordancewithguidelinesthattheoccupationalhealth are related to the safe job placement of a pregnant
physician develops. The NIOSH Research Report isan employee arise, a dLcussion will lead to a more valid
excellent reference for pregnancy surveillance.3 mutual decision as to whether the employee may

One of the first steps in implementing a pregnancy continue to work in her present position or will require
surveillance program is for the occupational health a transfer for job accommodation.
nurse to coordinate with the Civilian Personnel Office The coordination between the employee's physi-
and supervisors in instituting a policy and procedure cianand the EmployeeHealth Program staffcontinues
that ensures that civilian workers contact the Em- even after the employee's pregnancy. While the
ployee Health Program staff assoon as they know they employee's attending physician must clear the
arepregnant. The program formilitarywomenshould employee's return to work after maternity leave, the
be coordinated with the obstetrical or gynecological occupational health nurse must also evaluate the em-
nursing staff or the community health nurse. ployee. The occupational health nurse should evalu-

Work areas or occupations that contain potential ate the pregnancy outcome and document the results
hazards to the reproductive system must beidentified in the employee's medical record.
through the health-hazard inventory developed by the
industrial hygienist. All female employees who are of Surveillance of Employees with Chronic Diseases or
childbearing age and all male employees who are Physical Disabilities
assigned to these areas must not only be informed that
potential hazards to their reproductive systems exist, Surveillance of personnel with chronic diseases or
but also be informed of the effects of those hazards physical disabilities ensures that the employees& opti-
during their preplacement, periodic, ard termination mal health status is maintained and that no adverse
examinations." Any historyof infertilityshould alsobe effects result from interactions of the job with the
evaluated from an occupational standpoint. Women chronic illness or disability. If this surveillance is
must be provided information on the availability of effective, these employees can ren-ain active members
job accommodation or transfer in the event of preg- of the workforce.
nancy, if this is necessary to protect the mother or her The staff should identify employees who have
fetus. In addition, the potential hazards to the repro- chronic diseases or disabilities that may affect or be
ductive system that are identified and the education affected by their work assignments. This can be ac-
and counseling thatare provided mustbedocumented complished by
in the individual's occupational medical record.

When an employee contacts the Employee Health * reviewing SF 177, Statement of Physical Ability
Programstaff toinform themof herpregnancya nurse for Light Duty Work;
or physician must interview the employee and docu- * reviewing SF 93; Report of Medical History;
ment a health and work history. The staff must deter- * performing preplacement, periodic, and re-
mine at that time if the employee may continue work- turn-to-work examinations; and
ing safely in her current job. In addition, the staff must * performing mass screening programs.
obtain and record data in thenemployee's occupational
medical record. These data include the expected date Once employees with chronic diseases or physical
of confinement, previous pregnancies, home expo- disabilit.es have been identified, standard medical
sures, hoursof work, and otherpertinent information. p.actice dictates that they be medically evaluated to

If the environment is safe, the Employee Health determine their work capabilities and to ensure safe
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job placement. If the evaluation indicates that the a detailed study involving sampling and laboratory
employee is unable to perform all of his or her job analysis of suspected agents, medical examinations
duties, the Employee Health Program staff should and tests, and a literature review. Frequently, investi-
notify the employee's supervisor. gations require the assistance of the supporting medi-

The frequency of follow-up evaluations varies de- cal center. If the MEDCEN's capabilities are limited,
pending on the employce's specific condition. A fol- epidemiologicalconsultationisavailablethroughcom-
low-up evaluation may consist of either a telephone mand channels from the USAEHA and the Walter
call by the Employee Health Program staff to the Reed Army Institute of Research.'
employee to inquire about the health status and to
offer counsel, or a visit by the employee to the em- Clinical Services
ployee health service.for further evaluation and coun-
seling. During these evaluations, the employee should Clinical services are also provided to civilians who
inform the staff of any changes in his or her condition. work for the army, including (a) emergency treatment

The staff should document medical evaluations in ofillnessesand injuriesand (b)alcohol and drug-abuse
theemployee'smedicalrecord. Documentationshould prevention and control programs. (The latter is in-
include clinical data regarding the disease or physical cluded in this section because it can be clinically rel-
disability, its current treatment, and the name of the evant; however, the cause is not considered to be job
employee's personal physician. DA Form 5571, Master related.)
Problem List, is used to document current diagnoses
and medications used currently or recently. The staff Emergency Treatment of Illnesses and Injuries
should update this information whenever the em-
ployee is examined or counseled. Civilian employees are generally not eligible for

definitivediagnosesand treatmentsofnonoccupational
Epidemiological Investigations of Occupational injuries and illnesses under the Employee Health Pro-
Illnesses and Injuries gram. However, thereare two exceptions to this. First,

in an emergency, the civilian employee will be given
Epidemiological investigations must be conducted the medical attention that is required to prevent the

after a suspected or proven occupational illness has lossoflifeorlimb, ortorelievesufferinguntilheorshe
occurred and after excessive numbers of occupational can be cared for by a private physician. And second,
injurieshavebeenidentified. 5Forexample,CTSamong civilian employees may also be treated for minor
workers in specific job categories such as clerks and disorders, including first aid or palliative treatment,
computer operators has recently been a topic of con- when the employee would not reasonably be expected
cern (Figure 3-7): to seek attention from a private physician. This re-

duces absences due to illness by enabling the em-
CTS results from repetitive flexingand bendingof the ployee to complete the current workshift before con-
wrist, which causes tendons to swell, increasing pres- suiting a private physician. However, requests for
sure in the carpal channel and pinching the median recurrent treatment of the same nonoccupational dis-
nerve-.U ordersarediscouraged. If continued care is necessary,

the employee should be referred to his or her private
Theassociation between theillness or injuryand the physician.

potential presence of an unhealthy or unsafe work Minor treatments or services for nonoccupational
environment is evaluated in an epidemiological inves- conditions, such as administering allergy injections,
tigation. Inquiries must extend beyond individual monitoring blood pressure, and changing dressings,
casesto theidentification ofthetotalpopulationat risk. can be provided at the discretion of the occupational
for the same illness or injury. The investigation must health physician in charge. Requests for allergy injec-
be coordinated with the industrial hygienist and other tions must be submitted in writing and signed by the
preventive medicine personnel as needed, safety offi- employee's private physician, and the employee must
cials, andotherpersonne! whomayhavearesponsibil- provide the medications that are required. These
ityoraninterestintheriatureandthemagnitudeof the services are provided so that lost work time can be
problem. avoided.

Epidemiological investigations range froma simple Arrangements for emergency medical care during
review of the individual's work and health history nonduty hours of the MTF should be made for those
with an evaluation of the exposure at the worksite, to employees who work hours otherthan the normal day
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"Gradual numbness of fingers while driving

Atropliy of Ihenar
muscles cue to long-
standing compression Palmaris longus tendon
of median nerve /Median nerve

Flexor retinacuturri

Ulnar artery and nerve

(Flexor dhgilorum
in Jsuperlicials lendon Flexor carpt
ulnar radialis tendon
bursa Flexor digilorum

ýVrolundus tendon Flexor pollicis longus
Iyrolundu tendon in radial bursa

&Hamae bone T'apozium bone
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Fig. 3-7. The section through the wrist at the distal row of carpal bones shows the carpal tunnel. Increase in size of the tunnel
structures caused by edema (trauma),inflammation (rheumatoid disease),ganglion,amyloid deposits,ordiabeticneuropathy
may compress the median nerve. The person with carpal tunnel syndrome will develop atrophy of thenar muscles due to
long-standing compression of the median nerve, will oftentimes experience gradual numbness of the fingers while driving,
and may be awakened at night by tingling and/or pain in the thumb, index, and middle fingers. Reprinted with permission
from Netter FH. The CIBA Collection of Medical Illustrations. Vol 1, Nenius System. Part 2, Neurologic and Neuromuscular
Disorders. West Caldwell, NJ: CIBA-Geigy; Slide 3485; 212.

shift. Firefighters or guards who are appropriately diers who are enrolled in the ADAPCP by their corn-
trained may provide emergency care, or employees manders. Medical services and clinical support for
might be referred to nearby community hospitals or soldiersbeing treated inADAPCParetheresponsibili-
physicians. ties of the MEDCEN-MEDDAC commander. While

civilian employees are eligible for the program, their
Prevention and Control of Alcohol and Drug Abuse enrollment is voluntary. Employees with an alcohol-

or drug-abuse problem are encouraged to seek assis-
The U.S. Army Alcohol and DrugAbuse Prevention tance and counsel from ADAPCP.? In the program

and Control Program (ADAPCP) is an installation for civilians, the functions of the Employee Health
command-sponsored program that addresses alcohol Program staff include initial counseling, referring em-
and other drug abuses and related activities in a single ployees to treatment resources, and performing the
program. Military employees are not just eligible for initial medical evaluationsofemployeeswhoenterthe
the program; participation is mandatory for all sol- program.
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SUMMARY

The U.S. Army operates over 130 Employee Health tive medical examinations, surveillance of employees
Programs worldwide for its military and civilian em- exposed to reproductive hazards, monitoring of ab-
ployees. Although these progranm' administrative sences due to illness, surveillance of personnel with
structure, professional staffing, and areas of emphasis chronic diseases or physical disabilities, job-related
are quite diverse, they all are based on the same set of immunizations, health education, epidemiological in-
laws, DoDIs, and ARs. All have the same basic mis- vestigations, and health-promotion programs. The
sions: to prevent negative interactions between the job clinical elements include treatment of job-related ill-
and the workers' health and to provide job-related, nesses and injuries, palliative treatment of minor ill-
clinical healthcare services. " nesses, and alcohol- and drug-abuse programs. Be-

The health program for the army's civilian employ- cause military personnel receive routine healthcare
ees is composed of (a) preventive medicine services through MTFs, job-related medical surveillance is the
and (b) clinical services. The preventive elements oniy Employee Health Program element that is usu-
include job-related medical surveillance, administra- ally provided to soldiers.
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INTRODUCTION

From its inception, the U.S. Army has led in devel- AIHA and ACGIH alsodefinean industrialhygienist as
oping and using new technologies. This leadership
has certainly been true concerning the recognition, a person having a college or university degree or de-
evaluation, and control of potential health hazards at grees, in engineering, chemistry, physics, medicine, or
army worksites. Keeping up with the diverse mix of related physical and biological sciences who, by virtue
potential hazards associated with army operations in ofspecialstudiesand training,hasacquiredcompetence
the field and in garrison has allowed army industrial in industrial hygiene. Suich special studies and training
hygienists to maintain a nationally recognized role in must have been sufficient in all of the above cognate

siencestoprovidetheabiities(l)torecognizetheenvion-
both the identification of hazards and theimplementa- mental factors and !o underand their effect on man and
tion of controls. Soldiers in fighting units are corn- hiswell-being;(2)toevaluateonthebasisofexperience
monly exposed to hazardous materials; industrial hy- and with the aid of quantitative measurement tech-
gienistsrecognizeand help tocontrolthese potentially niques, the magnitude of these stresses in terms of
hazardous occupational exposures. Controlling even ability to impair man's health and well-being;and (3) to
such common chemical hazards as degreasing sol- presc'be methods to diminate, control, or reduce such
vents or carbon monoxide helps to ensure that sol- stresses when necessary to alleviate their effects.''
diers' health is in a state that maximizes their ability to To meet thescope of the definition, a fully competent
project combat power. Similarly, identifying and con- indust he s eop e an inti plinary edu-
trolling noise hazards helps to protect a sentry's hear- industrial hygienist requires an interdisciplinary edu-
ing acuity. The ability to recognize subtle enemy cationcoveringnot only thebasicsciences, toxicology,
approach signals such as breaking twigs or jingling ergonomics, and physiology but also real-world expe-
rifle cartridges helps keep entire units safe. At the ience with plyple and the occupational hazards they
army's industrial base installations, industrial hygien- encounter daily. Army industrial hygienists are gen-isshelp to prevent the loss of experienced civilian eralists; when they couple their scientific knowledge
istsonel to have the loss o potentialian with the art of industrial hygiene, they perform true
personnel who have been exposed to potentially haz- peetv eiiei h ry lmntn aadardous materials during the production and repair of preventive medicine in the army: eliminating hazards
ammunition and other equipment. before they cause harm. In this chapter, the term

Both the American Industrial Hygiene Association industrial hygienist denotes a qualified professional;
(AiHAVand theAmericanConferenceefGovemmen- the broader term industrial hygiene personnel inciudes
tal Industrial Hygienists (ACG1H)2 have defined in- members of the profession and supporting technical
dustrial hygiene as personnel (technicians). The U.S. Army's military

industrial hygienists are either Environmental Science
t.at science and art devoted to the recognition, evalu- Officers (68N) or Sanitary Engineers (68P); army civil-
ation, and control of those environmental factors or ian industrial hygienists are classified by the Office of
stresses, arising in or from the workplace, which may Personnel Management (OPM) as general schedule
cause sickness, impaired health and well-being, or (GS) 690 or general manager (GM) 690; industrial
significant discomfort and inefficiency among work- hygiene technicians are classified in the general OPM
ers or among the citizens of the community.s' series as GS 640, Health Aide and Technician.

HISTORY

The U.S. Army became seriously involved in indus- those efforts continued only until the war's end.
trial hygiene during World War I, when workers in Duringtherapidexpansionofwarmaterielproduc-
military gas-mask manufacturing plants needed pro- tion in the late 1930s, the army's chief of ordnance
tection not only from chemical agent gases but also requestedmedicalcareforcivilianworkers.Thesurgeon
from typical industrial--chemical and physical-haz- general of the army responded by providing the medical
ards: varying (and various) gas concentrations, sol- care for hundreds of thousands of ordnance workers.
vents, dust, and noise.3 Both government- and con- However, full identification, evaluation, and control of
tractor-operated factories received industrial hygiene worksite health hazards was not empiasized until the
evaluations from the army during World War I, but United States became involved in World War If."
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Soldiers who operated the weapons systems and various conditions of firing gave convincing
who were exposed to potential hazards of the ord- proof of the hazard. This led to development
nanceitself alsoreceived support from theArmy Medi- of a compact fan to provide the necessary
cal Department (AMEDD). An interdisciplinary team exhaust ventilation. The report recommend-

of physicians, engineers, and scientistsat theArmored ing installation of such fans [had previouslybeen disapproved I on the grounds that the
Force Medical Research Laboratory, formed in early tank already had too many gadgets!tha't

1942 at Fort Knox, Kentucky, did pioneering work on

heat stress, exposure to toxic gas from weapons firing, During the laboratory's 3 years of operation, re-
the relationship of fitness and fatigue to performance, searchersat theArmored Force Medical Research Labo-
ergonomic,,and human factorsengineering. Working ratory produced 130detailed reportsof this natureand
in cooperation with other health professionals, indus- ratore
trial hygienists studied cquipment systems, predicted recommended many improvements to reduce potential

adverse health effects and therefore improve the sol-potentia ihazardsand formulted protectiveresponses, diers' fighting capabilities. This laboratory heralded
as the following examples from that era demonstrate: AMEDD's current interest in the interdisciplinary

* Because dehydration had decreased their abil- medical consideration of the human component first

ity to function,a tank crew in the Pacific theater during the design and development of at-my systems.6

In October 1942, the Department of the Army (DA)failed to engage the enemy, even under the established the U.S. Army Industrial Hygiene Labora-

pressure of war.' Industrial hygienists did not

respond to the actual medical event-in this tory at TheJohns Hopkins University toconduct occu-

pational health hazard surveys and investigations inexample, treating soldiers suffering from de- army industrial plants, arsenals, and depots.'; Work-
hydration. Theers at these facilities had potentially hazardous expo-included attempting to predict and preempt sures to militarily unique and common maintenancethe hazard. For dehydration from heat, in-. ue omltrl nqeadcmo aneac
creased water intake based on predicted need, operations at their worksites. This new laboratory
crease onthirs intake ofasedonprerl tedhniuesed, concentrated on four technical and scientific areas:not on thirst, is one of several techniques used field survey, chemical sampling analysis, engineering
to protect soldiers and prevent performance
degradation. Othersincludeincreased airflow design, and medicine and toxicology.

with cooler or drier air to cool by convection Throughout World War II, personnel at the U.S.
and evaporation, and enforcing wvork-rest Army Industrial Hygiene Laboratory developed and
cycles to reduce metabolic heat loads, applied industrial hygiene technology to the new and

* General officers were convinced to support greatly expanded army operations. While the Indus-
t g eh t a trial Hygiene Field Surveys Section did its work at the

gunner and loader by a test-firing of 75-mm production and repair plants, the Chemistry Section

shells in an M-4 tank. After four of the planned developed new and improved methods to sample and

10 rounds had been fired, the ammonia levels analyze worksite hazards, the Engineering Designand
reached "00 ppm. Thegenerals, weepingcopi- Development Section conceived innovative controlsouslr and ready to quit the test, realized first- forindustrial hazards,and the MedicalSectionbecame
hand the importance of exhaust ventilation: more involved in toxicological evaluation of fungi-

cides, insecticides, repellents, flame retardants, and

other items with military and industrial applications.
The M. tank of 1942 had no ventilation pro- The Industrial Hygiene Field Surveys Section and the
vided to specifically meet the needs of the
crew. Engine-cooling air was drawn "nto the Engineering Design and Development Section of this
turret and through a heat-exchanger to the laboratory are the specific forerunners of today's U.S.
enginecompartment. But in a stationary tank Army Industrial Hygiene Program.
with the engine not operating, the men re- The Industrial Hygiene Field Survc,,s Section used
ceived noexchangeair. Since the75-mm gun early, portable, direct-reading instruments to deter-
released considerable carbon menoxide and mine carbon monoxide and benzene exposure levels.
ammonia as the gun breech opened after When potentially hazardous exposures at production
firing, there was a clear toxic gas hazard that facilities involved particulate mattersuch as toxicdusts
needed to be corrected. This had not been
done, i think, because it was usual to practice or vapors from chlorinated solvents, theseearly indus-gun-e, wit thinkbeturreit hasuualtch pr e trial hygienists collected air and bulk samples to begun-fire with the turret hatch open ....

ISlystematic measurements of carbon mon- analyzed by the Chemistry Section. They developed
oxide and ammonia concentrations under the principle that recommendations tocontrol hazard-
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ous exposures had to be as practical, fully described, of worker protection were U.S. Army policy!s
and inexpensive as possible, and could interrupt nei- When compared to World War 1, fatalities caused
ther operations nor individual productivity." Simple, by occupational diseases were extraordinarily low
low-costcontrol tactics to reduce the numberof people during World War It. T1 fact that industrial hygiene
expysed evolved from this principle: physica'ly mov- personnel identified hazards and recommended con-
ing all personnel unrelated to the operation to other, trol requirements undoubtedly played a significant
less hazardous locations; isolating essential opera- role in reducing the rates. In 968,000 man-years of
tional personnel from the hazards (by enclosing the operations in explosives manufacture, therewereonly
operations); and using less hazardous techniques such 28 occupational disease fatalities: 22 from trinitrotolu-
as wet grinding or sanding to keep airborne toxic dust ene,3 from oxidesof nitrogen, 2fromcarbon tetrachlor-
levels low. ide and I from ethyl ether. This was a rate of .03

Because most situations required some additional fatalitiesper 1,000man-years, orx'vedeathsperbillion
exhaust ventilation, the Engineering Design and De- pounds of explosives produced. In addition, there
velopment Section prepared originaldesigns, reviewed were 2.4 lost-time general illness and dermatitis cases
the Field Surveys Section's ventilation proposals, and per 1,000 man-years of operations. Dermatitis ac-
conducted performance tests of existing ventilation counted fortwo-thirdsof lost-timecases, and themore
systems. Much of the work involved controlling car- serious systemic illnesses had a rate of 0.8 cases per
bon monoxide from internal combustion engines, fir- 1,000 man-years of production. However, these rates
ing-range lead fumes and dust, metal fumes from were "only a small fraction""4 '' of the World War I
welding operations, toxic pigments from spray finish- experience. The 44 members of the Army Industrial
ing, pneumoconioses-producing dusts from abrasive Hygiene Laboratory helped achieve such low rates of
blasting, acid mists from plating, and solvents from occupational illness during World War II that they
degreasing! Intcrestingly, over 60% of the exposures firmly established the utility of industrial hygiene and
studied were in these categories, occupational medicine in the army.

Ammunitionloadingplants-whereopenhandling The U.S. Army Environmental Hygiene Agency
of very toxic explosives was commonplace-were the (USAEHA), which operates 31 diverse occupational
most hazardous facilities that the laboratory personnel and environmental health mission programs, evolved
evaluated. Workers routinely handled compounds from this small World War II laboratory. As installa-
such as trinitrotoluene; arnatol; pentolite; tetryl; RDX tion-level industrial hygiene operations became rou-
(research department explosive, also called cvclonite: tine and shifted to the medical units---such as Medical
hexahydro-1,3,5-irinitro-1,3,5-triazine); lead- oxide; Department Activities (MEDDACs) and Medical Cen-
mercury fulminate; and nitroglycerine. In high-explo- ters (MEDCENs)-that provide installation medical
sives and chemical manufacturing plants, workers support, the USAEHA concentrated more and more
were also expo.-ed to acids. nitrocellulose, diphenyl- on highly specialized hazards such as chemical agent
amine,and ethyl alcohol;and at arsenalsand ammuni- demilitarization, ammunition production, and
tion depots, to solvenis, paints, and chemicals related healthcare-facility operations. The USAEHA also
to the repair, maintenance, and renovation of ord- developed a consultant role in defining and respond-
nance materiel. Although these early army industrial ing to industrial hygiene issues having armywide
hygienists were certainly concerned about the very impact,such asdetermining the medical requirements
hazardous explosives compounds, relatively few ac- for respiratory protective equipment in militarily
tual exposures to toxic explosives occurred. Much of unique environments, and developing many technical
the credit for this rests with the representatives from and draft policy documents for new or chaiging haz-
the Office of The Surgeon General assigned to the ards (eg, composite materials like Kevlar, asbestos use
Safety and Security Division, Office of the Chief of and disposal, lead hazards, and cumulative trauma
Ordnance, who ensured that the public health aspects disorders).

THE INDUSTRIAL HYGIENE PROGRAM

The U.S. Army Occupational Safety and Health along Major Army Command (MACOM) lines and is
Program is divided at the DA level into occupational executed by MACOM safety and operating personnel
safely and occupaiional health. The US. Army Occupa- at the MACOM and installation levels. The US. Army
tional Safety Program, (defined in Army Regulation Occupational Health Program is a medical program
JARI 385-10, The Army afrty Program') is structured (defined inAR 40-5,PreventivcMcdiciore') thatisstruc-
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3. MEDCEN/MEDOAC suppoit anl msta~atiorls and units in U~ei geographical area
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Fig. 41. Organizational relatiortshipsbetween the U.S. Army'sOccupational Health Program and various installations. Red:-
The Department of the Army (DA) staffs develop army policy related to occupational safety and health. Blue. The Majur
Army Commands (MACOMs )are operating commands that follow DA policies, during their operations. that help ensure
that their personnel follow safe and healthful work practices. Health Services Command (HSC) also has additional
responsibility to provide medical support for the other MACOMs and thew. installations. That medical support includes
providing industrial hygiene and occupational healthcare services. Orange: The US. Army Environmental Health Agency
and US. Army Safety Center (USA.SC) act to develop depth and focus for the DA's occupational safety and health policies.
They draft new policies forDA staff coordination; help the MACOM implement the approved policies through consultation
and technical guidance; and perform oversight, investigation, survey, and study missions. Green: The various MACOM
staffs work their respective safety and health issues for the MACOM. In addition, the HSC preventive medicine staffs also
overseetheoccupational healthsupport provided totheotherMACOMsby HSC'smedical centers(MEDCENs)and medical
activities (MEDDACs). Yellow- Installation and tenant unit commanders and supervisors are responsible for the occupa-
tional safety and health of their personnel. Tart The installation unit safety staff and the MEDCENi-MEDDAC occupational
health personnel assist commanders and supervisors to meet that responsibility. The installation Director, Health Services,
is an ins-tallation staff position filled as an add ition~al duty by a MEDCEN or MEDDAC physician. This medical officer
provides advice to the installation commander regarding all medical issues affecting the post.
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tured along medical command lines and executed hazards is the primary mission of industrial hygiene, it
pnmarilyby MEDDACand MEDCEN personnel, who also supports ,-cupational healthcare personnel by
support;.il MACOMs and their installations (Figure4-
1). The list of the primary documents that form the * quantitatively defining the level of worksite
legal and regulatory basis of the army's Industrial exposures to hazardous materials, allowing
Hygiene Program is shown in Table 4-1. clinic personnel to (a) make informed patient-

Within the Occupational Safety and Health Pro- care decisions regarding medical surveillance
gram, the assigned responsibilities for occupational and (b) target the hazards most likely to cause
safety, industrial hygiene.and occupationalhealthcare health effects on workers;
are not easy to separate; each area of responsibility has * recommending controls for existing hazards,
proponentsandsupportingparticipants, andthereare which, when implemented, can eliminate or
interrelationships at several points (Figure 4-2). The greatly reduce medical surveillance require-
occupational health portion of the program is divided ments; and
into two main functional areas: industrial hygiene and c cperating the Health Hazard Infobnation Module
occupational healthcare (which incdudes both medicine (HHIM) of the Occupational Health Management
and nursing). Although the control of worksite health Information System (OHMIS), a comprehensive

TABLE 4-1

REGULATORY BASIS FOR AN INDUSTRIAL HYGIENE PROGRAM

Regulation Description

The Occupational Safety and Health Act of 1970, OSHAct, the basic law that requires safe and healthful working
Pub L No. 91-596 conditions for working men and women

Occupational Safety and Health (OSH) Program for Order that applies OSHAct standards to all agencies of the
Federal Employees, executive branch except military personnel and militarily unique
Exec Order No. 12196,26 February 1980 situations and equipment

Basic Program Elements for Federal Employee OSH Regulation to provide OSH Programs for federal employees
Prqgrans and Related Matters, promulgated by the secretary of labor as required by Exec Order
29 C'R, Part 1960, rev. I July 1967 No. 12196

Safety and Occupational Health Policy for the DoD, DoD Instruction that requires adherence to OSHA regulations
DoDI 10003,29 March 1979

DoD Hazard Communication Program, DoD Instruction that prescribes policy and practices fora comprce-
DoD1 60505,29 March 1999 hensive DoD Hazard Communication Program

DoD Occupational Safety and Health Program, DoD Instruction that provides policy, procedures, and responsi-
DoD13 6055.1,26 October 1984, rev. I1 April 1989 bilities for administration of a comprehensive DoD OSH Program
and 15 August 1989

Industrial Hygiene and Occupational Health Program, DoD) Instruction that establishes uniform procedures for recognizing
DoD1 60555, 10 January 1969 and evaluating health risks associated with chemical, physical, or

biological stresses at DoD worksites

Army Safety Program, Army Regulation that implements safety requirements of federal
AR 385-10, 23 June 1089 and defense regulations

Preventive Medicine, Army Regulation that implements occupational health requirements
AR 40-5," 19 June 1985 of federal and defense regulations

Army Industrial Hygiene Program, Bulletin that explains the organization and responsibilities of the
"7B MED 503," 1 February 1985 industrial hygiene portiow of the Army Occupational Health

Program

"Key documents for army installations
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Occupational Health

industrial Hygiene Occupational Healthcare

He Eh E

OS&H OS&H
OH OH

Responsibilities OS IH OHc Responsibilities OS IH OHc

Safety and health program coordination P P P Medical surveillance R S P

Occupational safety functions P R R Health education R P P
of AR 383-10

Hearing coservation R P P
29 CFR 1960 requirements (SAOSHI) P P P OR p

Personal protective tequipment P P P ai
Medical treatment R S P

Egonors S P S Pregnar.cy surveillance R P P

Epidemio!ogy R P r
Immunizations R P P

Inventory of dwmical, biological, R P R
and physictl hazards Illness absence monitoring S S P

1H surveys S P 5 Hazard communication P S S

OS&Il OcapationamSafety and HealC0 OR c-cupational ealth 05 Occupati5naI Safety;, IH: Indw-rial Hygiene CHc. Oc upaiona
Whcare (fch0es medkine and nursinp

P. Has pimny. respnslbilities; S: P.ovidtss pport; F Referral

Fig. 4-2. Occupational health's two major components-industria! hygiene and occupational healthcare-provide medical
support to an installation and its tenant units through the worksite and patient-care aspects of zhe Occupational Health
Program.TheStandard ArmyOccupationalSafetyand Health Inspection (SAOSHI ICFR 19601)specifies thatboth command
and supervisory personnel (the Occupational Health Program-installation interface) beinvolved with issuing and assuring
the correct use of personal protective equipment (PPE); communicating the hazards of a worksite to the operators (hazard
communication); participating in the annual worksite inspections; and performing other related activities in coordination
with supporting occupational safety, industrial hygiene, and healthcare personnel. Usually, commanders designate their
own safety officers to work with the supporting medica; urit to coordinate accomplishment and oversight of a comprehen-
siveprogramwith theparticipationof supervisorsand supporting medi"al units. The varioussafetyand occupational health
program participants are responsible for performing their own primary missions, supporting other participants, and, at a
minimum, ensuring that information regarding hazards is referred for action.
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hathdatabasethatprovidesexposureandother and prevention of these accidents. But a welder's
worksite data tooccupational healthcare person- increased body burden of lead from exposure to fumes
nel in an easily accessible and usable form. from metal coated with lead-containing paint, or a

painter's allergic sensitization and respiratory distress
Furthermore, the missions of occupational safety after exposure to epoxy resins and isocyanate corn-

and occupational health, especially the industrial hy- pounds in chemical agent resistant coatings (CARCs)
giene portion, appear, on the surface, to be similar. are industrial hygiene issues.
Confusion frequently exists as to where their mission The two missions intersect where there are dual
responsibilities and primacy lie. The primary differ- medical and safety responsibilities. Some situations
ences between their missions are that have both traumatic injury and systemic components.

For example, if acid bubbles out of a lead acid battery
"* occupational safety personnel are mainly con- on high charge and burns a worker's unprotected

cerned with the prevention and control of trau- hands, that is an occupational safety issue; however,
matic injury to personnel, and with accidents the worker's inhaling the acid mist that forms, and the
that result in loss of materiel; whereas consequent respiratory illness, are industrial hygiene

"* industrialhygienistsaremainlyconcerned with and occupational healthcare issues.
factors at the worksite that cause chronic or Personal protective equipment (PPE) also involves
acute illness, disease, or injury to personnel. dual medical and safety responsibilities (see Figure

4-2). For example, the issue and use of respiratory
In most instances, the distinction is clear. For ex- protective equipment has traditionally been the do-

ample, an overhead crane that drops a load of lumber main of supervisors and occupational safety person-
and injures several people, or a shorted electrical cir- nel. However, selecting the proper respirator requires
cuit that causes a building fire and electrical burns to a detailed industrial hygieneexposure evaluation, and
personnel are both occupational safety issues. Occu- the potential user must be medically evaluated before
pational safety personnel would focus on the cause being required to wear a respirator.

RECOGNIZING HAZARDS

Effective industrial hygiene personnel know and tain the pertinent information regarding the opera-
follow all the potentially hazardous operations on an tion, its personnel, and the potential hazards(Figure4-3).
installation. They must begin to learn as much as Injury and complaint logs from clinics, emergency
possibleabout an installation and its industrial opera- rooms, and duty officers also provide industrial hy-
tions, processes, and possible hazards as soon as they gienists with records of potentially hazardous loca-
arrive, and constantly track any changes. Thedevelop- tions for survcys. Chemical inventories and chemical
ment of this knowledge base will allow them to make purchase reque:ts, especially for newly introduced
valid comparisonsanddecisionsaboutchangestoany chemical compoundb, are excellent and frequently
of the operations. overlooked sources of information conceraing new or

changed industrial processes or worksite operations.
Sources of Information Hazard communication training and media reporting

have increased the level of awareness of potential
Industrial hygienists can gain information about an hazards from occupational exposures: installation

installation from (a) the HHIM; (b) injury reports and safety personnel, union representatives, super•visors,
complaint logs from clinics; (c) chemical inventories and individualworkersnowoftenreferpotentialprob-
and chemical purchase requests; and, certainly, (d) lem situations to industrial hygienists for survey.
referral from safety personnel, union representatives,
supervisors, and individual workers." The indus- Knowledge of the Installation
trial hygienist maintains the HHIM, a database of in-
formation about operations collected from the local In addition to these sources of information, the
installation, the USAEHA, or contractor surveys of industrial hygienist must become familiar with the
worksites. The database can be used to generate particular installation's mission, the operations !hat
virtually any type of report required to define existing support the mission, and the supervisors and produc-
conditions. Industrial hygiene personneldevelopand tion workers who compose the workforce.'- The
maintain an up-to-date HHIM using forms that con- intimate knowledge required is gained only through
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Figure 4-3a

HEALTH HAZARD INFORMATION MODULE; INDUSTRIAL HYGIENE SURVE
-For use of fs form, see HMM Users Guide

SECTION 1. 65;0OGRAPI4IC DATA L"1NOARLOC INSTALLATION N

5.3456 Ft. Lew-is 3516/Bay

LOCATKIODE 1 OPERATKONrVOOE

Vehicle maintenance / GS J Brake Repair / BKR

SURVEY DAT E EVALUATOR (Initals)
910401 1 7

MACOMCODE SUBMACOWCOOE SUPERVlSOR

FORSCOM / FC N/A CW3 Fxxxx

TELEPHONE/DSN NO. UNIT/ORGANIZATION RAC FREQUENCY (hS/ay)

DSN 584-9113 DEH / Motor Pool 3 8

NO. CIV(S) NO. MIL NO. CONTRACTOR(S) NO LOC(S) NO. OTHER

3 0 N/A N/A N/A

MSECTION 2. FACILFlYDATA-
LAB HOODS VAPOR DEGREASERS SPRAY BOOTHS

MAINTENANCE BAYS OPEN SURFACE TANKS VENTILATION UNITS

E ETO . SURV~'EY~ DATA=CNRL EURD SAU
CONTROLS PRESENT EVALUATIO UNIT COD _ _ONTO __REUIRE_ STATUS
LEV 50 FP?.' 150 FPM UNCON

- ~ I -II IIIIII

PERSONAL PROTECTIVE EQUIPMENT (R = REOUIRED; U = UTILIZED)
GLOVES RAUJ RESPIRATOR NIOSH TC NO. I MANUFACTURER .U.

AMo I AI _

C.O SURFACES I AB RAS'E "ASTW HOOD i
NOT SVNWACES OI SPOSABLE None 3J% 3M X
NOC AGMMT f FLU. FACE AIR FUR~Ygh {
O __ XIX I.QFACE A__ ______

SOsLV&T~S IPOWDEFEDAIRPURLW______-_______
SURGICAL. GLOVEt 1 I'4 FACZ AIR PI.WYMN I______I________

I.. I SEF CONTAdED I

MiStE I HEAR•NG BD RU . I HEAQ~fD. RW
eWDJ. / I CAMNA CAPS I AMINS i I COLD WEAT1ER WUOTMATS I

FUIACE i EARPLIUGS ,I X! CIM W I HARD HATS I
cOEucAt.-_ , te~tETS I OEAL VNE~ftE OMT
SAFMACT Z AMUFS I XL OT SLAT / I SAFTNCTrW SHOES XTX
WEnLDEG A I FEAPUG I WT ACR-UM nVMT.•U I sA7ETNODoNeUCO.ID • SI

JFýiAWt GWTW Uma I SAFETY Ia.TMAISS

AEHA FORMA 271-Rl (TEST) I JAN 92 (HSH84&.I

Fig 4-3a-c. These five pages are facsimiles of the documents used to conduct a typical industrial
hygiene survey using the Health Hazard Information Module (HHIM) database. The hypothetical
d.ata in Section 3, Survey Data, show that local exhaust rates are below standard, that noncertified
respiratory protective equipment has been used, and that hearing protection is required and used.
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Figure 4-3a (continued)

-SCTO 4. 1AARDINETR YATAM
CAS CODE HA7'.Ru DESCRIPTION PAC EPC

PO NOISECO Noise, continuous 2 D

12172-73-5 Asbestos (Amosite) I .

12001-29-5 Asbestos (Chrysotile) A

LAST NAME FIRST NAME MI SEX SSN CATEGORY

Fxx._ " John A M 003-04-0567 Ci v

Exx Mike B M 004-05-0678 Civ

IVXXX Keith C M 005-06-0789 Civ

SECTION 6. CO.MNT

0 NO CW ftSAf See MWlchd Shwee
PRIWAYACT • SrA11EMENT

Tle 5 US Cod. Sectb 301: Eec•Ave Oder 9397 •tozes ft us of your Socl SoomV MorM as a
rnJ*.r. The puipme ci tVhs uir*o .51 derily and modo V rsiag ead• DA cr-a~n an nmaynlloe expae

a.ha•rdousoqlce oroperabon. Teu wecs iniomM=aopeole is0wes evoses Nsay"vnnumear.

Disclore of y" Socal Secsty NumCM t M rroandty '*wever. nordsdonx. may 834* n wurwn prov:mn c propm

2

Fig. 4-3a. This hypothetical survey identified three civilian workers-jobun F., Mike F. and Keith W. (Section 5, Personnel
Data)-who were exposed to asbestos (Amosite and Chrysotile) and continuous noise from brake-repair operations (Section
4. Hazard Inventory Data). This operation has received a high-priority action code (PAC-1) for asbestos sampling and
evaluation, and a moderate code (PAC-2) for noise survey. The exposure potential codes (EPCs) show occupational
healthcare personnel that the asbestos e.xposure is contro!led (EPC-A) but that surveillanceaudiornetry is required for noise
exposure over 85 dBA (EPC-D) even though hearing protection is worn.
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Figure 4-3b

INDUSTR.AL HYGIENE AIR SAMPLE DATA 8 HR TWA

For use of this Torm see USAEHA TG 141; the proponent is HS.1fB-LO.
Retrn Adds (cooplete Address including Zip Code) Poidnt (nam,,AUTOWON)

USA MEDDAC George Sxxx DSN 931-4763
ATTN: PM SVC-IH Amicfad ekdk Swlne"rt * F..-Wic WA 9 960W7

Swrie Ceoicied By Dab CoIc.d Dab ShV Yes 0 No
Jay Jxxx 910401 910402 B&A Same No(*):

Pmje Nunmer Sa I A hmstaoat[n ARLOC

I (BLDV/AREA) O9@ri OndPMIbWl ( det~ai ls or reverse)

3516 / Bay / GS1 BKR

I ~~w CE Filter

AusociiedConnb (be specific) Istate NomNE if applicable)

None
Mmlyý DaW~ Anosite Asbestos, Chrysotile Asbestos

Swrq&V Dme
SwVI No. jFTLWO1 FLWO. FTLWo"

"PasiNo. 1234 5678

1k" On [0730 0731

Towd Tk (.,) 480......- - - - - A
Row Aft(LPM 2.0 2.N

Vodumps) 960 960

GAJ-Z PZ I BZ K

Ubomftoyft. AERA 1 AERA -2'jMSwpIo,;,m• O• ..-C ,CO 1|.O... .• 3

Amosite (f/cc) < 0.00 < 0.1 0

Chrysotile (f/cc) < 0.011 < 0.2 0

Comnt oo Ub:

Analyst initiaws Revi eBy elnieiabo We PAcuived DabOspce
CS TLh 910403 910404

AEHA FoiM 9-R. I Oct S4 (ReplcWs AEHA Form 9.1 Oc 80 wdis A obs).

Fig. 4-3b. Because asbestos is a known carcinogen, the industrial hygienist sampled the air immediately; no exposures in
excess of the health standards were found, although the local exhaust did not provide ihe generally recommended level of
control.
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Figure 4-3b (continued)

Caibraion lromrin

Caibrilo (L/min)

Pump No. w Post-Use Rolofneter Settin Date

1234 2.0 1.9 910401

5678 2.0 2.0 910401

Name ci Caibrakor
Jay Jxxx

Somne.of Contam•innt

Old brake lining

Operasn Emploees) Perfm:

Replace brake shoe lining

VentRation: [] .... [

PerSorW Protect" Equipment (check 1 f worn)

Respirutoy Proective Equipment Type: Disposable

[] ProMeve Clow" Type:

[]-Glo Type:___________________________.........................

[] ogrdgFa SNe:

Li Ear Protection:

0I r Safety goggles, safety conductive shoes

Fed NoMeWAdftonal Comments

2
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Figure 4-3c

BULK SAMPLE DATA
Fo- use of this form see USAEHA TG 141; the prcponent is HSHB-LO.

Return Address (co-lfete address including Zip Code) Poird of Contact (name/AUTOVON)
USA MEDDAC George Sxxx
ATTN: PM SVC-IH DSN 931-4763Ft.. Vý.;._ C W1A 996Q3

- insLetion Prdect Nu~ ARLOC

FL. Lewis 1" 31 415

Samples Coicted By Dale Collecled Dale Shoped
Jay Jxxx 910401 910402

Desatonm of Opeao Location iBLDG/AREAI

Brake re-lining 3516/BAY/GS

AssocAC, Cmplits (be specific) None

Associated Air Samples Nt yes, fig samplwwe nnts

IIJyes jJNo FTW01, FTLWO2
LaW Irftmaton

Trade NameNS Maniiaclrer
None

Address .... oMSS A•taeded

___ ___ ___ ___ _ [Yes [No

Aai Desed
Amosite and chrysotile Asbestos=C

Lab Use Sample Cosuw• Resuts Remark
Ody No. _ _ _ _

FTLW04 AmosiLe 509

FTLW04 Chr}ysoti2.L < 5.

Commemis to Lab:

Lab U" Orgy

AnaR" inBitiah 00) DAle DaReDceived
RS WJ 910403 910404

Prcedues Poened Commens

TEM

AEHA Form .. , I Oct 64 Mp:am AJEHA Fo.m a. I Oct 80 Mid•c is ob~o"•,)

Fig. 4-3k. Bulk samples were also collected to characterize the types of asbestos present. Te data elements tie together
administrative, exposure, and control information for a particular date. The ability to query the HHIM database allows
industrial hygienists to focus key program resources on hazards based on rational criteria such as exposure levels b" excess
of the standards, estimates of high exposures, the numbers of persennel affected, possible exposures to carcinogens, and so
forth. The identification and subsequent quantification of hazards and exposure levels allow industrial hygiene and
occupational healthcare managers to aim their limited resources at priority targets.
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daily contact with the workforce at the worksite. Only fats from skin, leaving it dry and susceptible to
through frequent observation can industrial hygien- cracking and secondary infections.
ists see a true picture of potential hazards. Irregularor Occupational acne and other less frequently
infrequent worksite visits are simple snapshots; they seendermatitidessuchasphotosensitivity, neo-
lead to false impressions of exposure potentials. plasms, and changes in pigmentation can be

associated with overexposure topetroleum,oil
Sources of Occupational Illness or grease, tar, and some chlorinated organic

compounds such as the chlorinated phenols.
To immediately recognize potentially hazardous

situations and substances, industrial hygienists must Theexchangeof information between the industrial
befamiliarwithabroad rangeof industrial operations hygienist and occupational healthcare personnel is
and processes, and know the typical routes of entry, useful when establishing other clinical diagnoses like
target organs, and actions of the chemical, physical, occupational lung disease, and when identifying
and biological agents of occupational illness. sources of exposure. Therefore, industrial hygienists

must be knowledgeable about the direct effects of
Chemicals chemicals on the respiratory system (eg, asthma,

pneumoconioses, and somecancers). Theseeffectsare
Chemicals typically enter and act on the body caused by vapors, gases, and aerosols (ie, particulates

through (a)direct action on theskin; (b) directaction on suspended in a gas, usually air; smoke and dust are
the respiratory system; (c) systemic illness via expo- solidaerosols, whereas mistand fogareliquidaerosols).
sure through skin contact, inhalation, or ingestion; or The relationship of the health hazard to the physical
(d) irritant or systemic action from the rare occurrence state of the chemical is discussed in the next section of
of physical injection of chemicals into thebloodstream. this chapter.
Experienced industrial hygienists realize that they Industrial hygienistsmustalsobeaivare thatchemni-
must also be familiar with the relationship of the cal changes caused by human metabolic processes can
chemical's route of entry and mode of action to the either toxify or detoxify certain chemicals, and they
operation and process involving the chemical, the must be able to make appropriate control recommen-
engineering controls and PPE available, the short- and dations (Table 4-2).
long-term exposure times, and the potential that an The least likely causeof overexposure to hazardous
average worker will have an adverse reaction to the chemicals is the physical injection ofchemicals into the
chemical. body. Although rare, instances have occun.ed where

Dermatitis is one of the leading indicators that high-pressure, compressedairfromairgunsorspray-
workers are overexposed to chemical hazards. Indus- paint apparatuses have injected pigments, solvents,
trial hygienists who know the typical classifications of and other chemicals through the skin (and potentially
dermatitides will be able to recognize the signs of into the bloodstream) of the worker.
chemical dermatitis and link the medical diagnosis to
hazardous operations."' Physical Agents

" Primary skin irritants cause direct injury after The main physical agents of occupational concern
sufficient contact. Strong organic and inor- for the typical army installation-industrial hygienist
ganic acids and bases are prime examples of include noise, radiation, temperature extremes, and
this group. Sulfuric acid in automotive batter- ergonomic stresses. Industrial hygienists measure
ies or sodium hydroxide in strong inorganic potential noise-hazardousoperations; noiseand hear-
cleaning solutions, for example, can cause seri- ing conservation are covered in Chapter 7, Noise and
ous dermal burns and ulcers. the Impairment of Hearing. Army industrial hygien-

" Allergic sensitizers do not cause visible effects ists need to identify and list radiation hazards in the
on first contact. However, for some people, HHIM so that occupational medicine and nursing
after continued exposure even very small personnel can schedule appropriate medical Eurveil-
amounts will cause dermatitis at the point of lance. However, health physics and the evaluation
contact o; even at other parts of the body. The and control of nonionizing and ionizing radiation
epoxy resins found in CARCs are skin sensitiz- have become specialized fields in the army. Although
ers commonly found on army installations, industrial hygienists have radiation training and pro-

"* Dryingagents, mainlyorganicsolventssuchas vide user support, many installations and medical
acetone, naphtha, xylene, and toluene, remove units have specialty Radiation Protection Officers as-
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TABLE 4-2

ENTRY AND ACTION OF TOXIC CHEMICALS (example exposures)

Potential
Exposure Route of Exposure Health Effect Recommended Control

Amalgam preparation Inhalation of Hg vapor Dementia Enclosed amalgamation
preparation

Local exhaust
Waste control

Firing-range cleaning Inhalation/ingestioi of Pb dust Colic Respirators
Palsy HEPA vacuum
Encephialopathy
Anemia

Laboratory prtchdures Ingestion/dermal contact with Bladder cancer Substitute reagent
benzidine dye

Metal-parts cleaning lnhalation/dermal contact Cirrhosis Local exhaust
with organic solvent Protective gloves

Pest-control spraying Inhalation/dermal contact Depressed erythrocyte cholinesterase Respirator
with carbaryl Protective clothing

Carbaryl: (l-napihyl N-methyl carbamate)
HEPA: high-effidency particulate air filters, which remove 99.97% of the aerosol particulates > 0.3 P

signed tododay-to-dayoccupationalsafetyand health and E represents the evaporative heat loss through
work related to radiation (seeChapter 15, Nonionizing vaporization of sweat.
Radiation, and Chapter 16, Ionizing Radiation). Measurement of air temperature, air velocities, ra-

The adverse effects of heat and cold are concerns of diant loads and humidity, and estimates of work rates
industrial hygiene personnel on army installations, and clothing insulation will enable trained industrial
Soldiers' field exposures are the concerns of the sup- hygiene personnel to evaluate potentially hazardous
porting preventive medicine unit. The US. Army heat or cold conditions. Because these environmental
Research Institute of Environmental Medicine conditions are interrelated, measurement tools were
(USARIEM) publishes results of their investigations developed thatintegrateseveralof thesefactorsforuse
into the effects of and response to these exposures."" in heat- and wind-chillindes (Figures4-4and 4-5).
Where temperature extremes do occur, the principles Industrial hygienists can use these measurements to
of identification, evaluation, and control are applied determine hazard levels and, in conjunction with -,e-
using established occupational health standards. view of the operation, can recommend engm"eerin&g,

The effects of heat and cold are associated with the work practice, and personal protection controls-7"
net heat balance between the working environment and Ergonomic stresses area recently expanding field of
the worker's normal body temperature (98.60F ±l°F). interest for army industrial hygienists and other pro-
The body's heat balance H, which is usually measured fessionals such as physical and occupational thera-
as either BTU/hour or kcal/hour in any environment, pists, occupational health nurses, occupational medi-
can be expressed in the equation cinephysicians, and safetyofficers. However, industrial

H = (±R) + (±C) + M - E hygienists evaluate worksite hazards and have the
medical background to appreciate the physiology and

where R represents the radiant heat gained or lost, C anatomy required for ergonomicevaluation. Treating
represents the heat gained or lost through convection existing back and repetitive-motion illnesses or train-
(transferred between the skin and air), M represents ing personnel in proper lifting techniques is not
the metabolic heat gained from varying work rates, enough; control of ergonomic hazards at their source
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Fig. 44. This Rcuter Stokes RSS-214 WKBGeT Wet Bulb
GlobeThermometer electronically recordr the wet bulb, dry
bulb, and black globe temperatures, then calculates a heat-
stress index that is used to determine the p"otection neces-
sary for the stresses of excessive heat Heat stress is the
subject of US Army Research Institute ov Environmental
Medicine (USARIEM)Technical Note9l- 1 ,SustainingHealth
and Performance in the Desert," which can be consulted for
further information.

Actual Temperature (OF)

50 40 30 20 10 0 -10 -20 -30 -40 -W0 -60

Wind Speed (mph) Equivalent Chill Temperature (F)

Cakn so 40 30 20 10 0-10 -2 -30 -40 --50 -40

5 48 37 27 16 6 -5 -15 -2 -36 -47 -57 -48

10 40 28 16 3 -0 -21 -33 -48 -58 -70 -43 -95

is 36 22 9 -S -10 -32 -45 -W8 -72 -85 -W9-112

20 32 18 4 -10 -25 -3W -3 -47 -W2 -96 -110 -124

25 30 15 0 -15 r--29 -44 -459 -74 -0-9 -104 -118 -133

30 28 13 -2 -18 -33 -48 -463 -79 -94 -109 --125 -140

35 27 11 -4 -20 -35 -51 -67 -82 -06 -113 -129 -145

40 26 10 -6 -22 -37 -53 -69 -5 -101 -117 -132 -148

Wind SPmeft > 40 WO haem Ute Dangr Incamig1 Dre Great D er
EAU adton eM ct (io <5 h widy ft n; (xpose fush nay freeze (expod leth may fem

grees hazud i form w**On I mi) wtlin 30 sec)
ta o oens of SIcuIty)

Fig. 4-S. Potential heat loss, skin cooling, and lower internal temperature can be increased by air movement. The wind-chill
index integrates windspeed and air temperature to estimateassociated riskof cold injury. The wind-chill temperature index
is the equivalent still-air (no wind) temperature that would produce the same heat loss on bare skin. A full description of
the medical aspects of militaryoperatlonsin thecold is the subjectof USArmy Research Instituteof Enviromnental Medicine
(USARIEM) Technical Note 92-2, Sustaining Health and Periformnce in the Cold. Source of chart. US Army Research Institute
of Environmental Medicine Technical Note 92-2. Sustaining Health and Perfonnance in the Cold: Environmental Medicine
Guidance for Cold-Weather Opermtions. Natick, Mass: USARIEM; July 1992:37.
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is vital. For example, to eliminate lifting from floor erinary facilities and their supportingagenciessuch as
level, industrial hygienists can recommend moving laboratories. For installations with personnel who
the storage of heavy parts to waist level; to ensure spend time outdoors, other typical biological hazards
proper wrist position during equipment assembly, can includesuch thingsas poison ivyinsectstings and
they can recommend tools designed to keep the wrist bites, and arthropod-borne diseases (eg, Lyme dis-
in a neutral position. ease). Protection is provided though training, avoid-

ance where possible, protective clothing, repellents,
Biological Hazards and preparation both to identify these outdoor expo-

sures and treat any personnel who report to a clinic.
Biological hazards found on army installations are Biological hazards to healthcare workers is the subject

typically associated with the medical, dental, and vet- of Chapter 5, Health Hazards to Healthcare Workers.

EVALUATING HAZARDS

Worksite exposures change as processes, person- industrial hygienist must first open both ends of the
nel, and work rates change; as existing controls .•ete- tubes and then pump known volumes of sample air
riorate through use; as buildings are modified; and through. Contaminants collect on themediaand react
evenasseasonschange. Thereforearegistyofworksite to produce a color change. Exposure levels are deter-
exposure levels must be maintained to (a) prevent mined by reading the length of the stain or the degree
hazard assessments based on single samples of poten- of color change. However, errors can occur due to
tial hazards and (b) providea usable record of increas- chemical interferences, the operator's faulty estimate
ing or declining exposure trends. of the stain reaction, and the quality or age of the

reagents.
Monitouing Methods Another frequently used monitorof exposurelevels

is the infrared spectrophotometer, which measures
Industrial hygienists use several monitoring meth- the attenuation of specific wavelengths of infrared

ods at worksites to quantify exposure levels. 2 ' The light as they pass through a gas or vapor sample
main types of monitoring employ direct reading (Figure4-7). Infrared spectrophotometers require fre-
instruments, indirect measurement (ie, collection of quent adjustment, must be calibrated with known
samples for later laboratory analysis), or both. Por- concentrations of contaminants, and are subject to
table, direct reading instruments are constantly being interference from chemicals with the same infrared
developed and improved; some in common use in- light absorbance spectrum as the target chemical's.
clude combustion meters, flame ionization detectors, Piezo electrical mass monitors measure aerosol
gas chromatographs, photometers, and certain gas- mass by comparing frequency changes in an oscillat-
diffusion badges. ing crystal exposed to the aerosol with another crys-

Dired Reading lnstnmoents. Instruments that regis- ta---one not exposed to the aerosol-used asa blank to
ter direct readings allow measurements of worksite ex- cancel out any changes due to temperature, pressure,
posures to be made in real time. They use analog or or humidity (Figure 4-8).2I
digitalmeters;strip-chartracordings;tapeprintouts;and Direct reading instruments have limitations that
color changes in impregnated paper, liquid reagents, or must be considered before and during their use:
colorimetric glass tubes filled with solid reagents. 2 '

Direct reading instruments can be used as * Although the coet of the least expensive direct
nonportable monitors to provide a continuous record reading instrument, a detector tube, iG rela-
of chemical concentrations over long periods.' They tively low ($5.00 each), more-acrurate and
can also be set to sound alarms if wo:-ksite concentra- -specificinstruruents(withelectronlcsandelec-
tionsexceed presetexvosure level standards. Portable trachemical cells) can cost more than $5,V00
instruments are used to identify sources of potentially each and can easily exceed $15,000 each.
hazardous exposures at the worksite, to determine if * i1anyinstrurientsreacttoclasses,, familiesof
exposure standards are exceeded, to check engineer- chem-rrals rather than to specific compounds;
irg controls, and to record expisure. in some, even completely different chemicals

Chemical detector tubes are narrow glass tubes, can cause interference (eg, water vapor will
sealed at each end, and filled with solid, finely granu- interfere with infrared analysis of ethylene
lated, reagent-impregnated materials (Figure4-6). The oxide on certain instruments).
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Fzg& 4-7. This N4IRAN 1132 infrared gas analyzer provides
sub-ppm measurement of a wide variety of gases and va-

- pors. This instrument or a variant is frequently used to
monitor for ethylene oxide and waste anesthetics in army
medical treatment facilities.

Fig. 4-8. This 131 Respirable Aerosol Mass Monitor Mode]
3500 uses the frequency changes of piczo crystals- to deter-

-- mine the mass of 0.01-10 It part: -les in air.
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"* Separate direct reading instruments to mea- that its volume or weight can be precisely determined
sure all the chemicals that might be present at in a laboratory.- 2'
a worksite may be difficult to carry. Aerosoiscontain liquid orsolid material suspended

"• Instrument, that use colorimetric techniques, in air. They include dusts, fumes, and smokes (solid
especiallythedetector tubes, candeviate_±50% aerosols) and mists and fogs (liquid aerosols). Aero-
from the t'ue values (results within ±25% are sols are defined by their (a) aerometric diameters and
acceptable, provided the error range is known (b) method of formation (Table4-3). Although aerosols
and is included in the hazard analysis). ofinteresttoindustrialhygienistshavediametersrang-

"• Direct reading instruments require frequent ing from 0.001 to 500 p, the diameters of aerosols that
calibration to meet published accuracy levels significantly affect the body enter via the respiratory
because electronic drift, vibration, pressure tract and generally range between 0.1 and no greater
and temperature fluctuations, reagent batches, than20p. Their size, density, shape, and other aerody-
and other factors can adversely affect the in- namic properties affect both the quantity of contami-
struments' accuracy. nant deposited and the respiratory site wherein the

contaminant will accumulate:
Theaccepted accuracy of various instrumentsranges

between±l%and±25%. Before making recommenda- e Aerosols with diameters larger than 10 p tend to
tions based on a single reading, industrial hygienists deposit in the nose and upper respiratory tract.
must carefully assess an instrument's capability, the * Aerosols with diameters approximately 0.5 to
worksite's situation, and any new risks that could ensue 10.0 p tend to be carried further and be depos-
from significantly changiLng an industrial procws. ited within the smaller respiratory passages.

e Aerosolswithdiametersof0.1 to0.spareinhaled
Indirect Measuremrnts and exhaled, but tend not to be deposited.

* Extremely small particles (< 0.1 p) are usually
Indirect measurement of airborne contaminants re- deposited in the smallest air passages after

quires that industrial hygiene personnel collect the collision with gas molecules in breathing air.
potentially hazardous material of interest and deliver However, these particles are so small that their
it to the laboratory foranalysis. Beforea samplecan be absolute quantity is minuscule, and they usu-
collected, the industrial hygienist must know (a) the allyhavenosignificant effecton human health.
physical state (eg, is it an aerosol or a gas or vapor?) of
the contaminant and (b) the proper sampling train (the Although gases and vapors are actually separate
combination of equipment, connected in series) neces- physical states, they are grouped together for pur-
sary to collect the specific contaminant in such a way poses of this chapter because industrial hygienists use

TABLE 4-3

TYPES OF AEROSOLS

Approximate Range
Type of Diameters (ji) Formation

Dust <I -> 500 Formed from solid materiais by a mechanical action such as crushing
or gnndieg

Fumes (colloids in air) 0.000; - 1.0 Formed by v'aporizing and cmdensing solids in air. such as when welding
or cutting nrt!ul

Smokes 0.01- 1.0 Produced by incomplete combmusion of carbon-containing material

Mists 0.5 - > 100 Produced from liquids by mechanical action such as bubbling. splashing,
or atomizing

Fop I -50 Fcrmnd from liquids that have vaporized and recondensed on rroimscopic
panicks of dust or fume. usually dense enough to obfcxurc vision

Adapted from McKew SB, Fulwlcr RD. Determmatmn of particles. !n. Pm'el CH, 1 tosey ADeds. The Indust ral Enz.-'nrxnt--fs Etutuatlm
and Ctmoi'4. Washington, DC: USDHEW, PHS, CDC. NIOSH: 1965- § B-7. PHS Publication 614.
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similar sampling techniques to collect them. Tlhe com- posed of (a) an air inlet device, which can be either a
mon synonymous use of the terms naporand ga:-Jsme- length of stiff or flexible tubing, ora part of the parficu-
times causes minor confusion. A substance is consid- late collector;, (b) a particulate collector;, (c) a means of
ered to be a gas if it maintains that state at room controhlingflow;(d)anairflowmeteringdevice;and(e)
temperature and normal atmospheric pressure; how- an air pump. The most common particulate collectors
ever, a vapor at room temperature is generally very use filters and cyclones (Figure 4-10).
close to changing in physical state from gas to liquid. Sampling trains for gases and vapors differ from
Industrial hygienists take an interest in these differ- those for aerosols in their collection devices-absorb-
ences because the entry and action of solid or liquid ersandadsorbers(Figure4-11). Absorptionisachemi-
aerosolized chemicals differs from their entry and cal process in which the collected gas or vapor reacts
action as a gas or vapor. The industrial hygienist must with chemicals in the collection device. Commonly
consider the context of use. For example, methylene used absorption equipment consists of impingers and
chloride in a paint-stripping preparation can cause fritted bubblers. These devices use liquid collection
dermal irritat!Dn if spilled on the skin; however, if media, each type of which provides different contact
inhaled in sufficient concentration, methylene chlo- times, bubble size, and contact surface. These factors
ride can quickly cause chemical anoxia. Failure of an cause thecollecting timeorsurfacearea orboth tovary.
industrial hygienist to consider these differences can In comparison, adsorption is a physical process in
cause a faulty evaluation of hazard potential. which the gas or vapor collected is trapped on the

In addition to understanding the physical state of collection media, but with no chemical reaction.
the contaminant, industrial hygienists must also un- Adsorbersareused in packed tubestocollectinsoluble
derstand the components of a proper sampling train or nonreactive gases and vapors. Tubes packed with
used to measure contaminant levels. Sampling trains activated charcoal and silica gel are the most common,
for aermsols and gases and vapors are similar, yet have but many other adsorbent materials are available for
distinct differences in their collecting media (Figure 4- specific collection techniques (Figure 4-12).
9). For aerosols, sampling trains are generally corn- Other methods are available for collecting samples

Patiwce Coetim Awodent Tutb
FOer Assa"~

RmC40rII

13-
Aeow M" Dsw4-]

Fig. 4-9 Both these sampling trains for chemical collection use an air-sampling pump without constant flow capability. Flow
control can be accomplished with valves or critical air-flow orifices. Control is required to ensure that the exact volume of
air collected can be calculated. Without precise flow control, clogged collection devices or variable air pump speed caused
by voltage fluctuations could cause z large.measurement error. Air pumps are necessary to power the sampling train. Flow
from the pump must be calibrated with the entire unit connected as if it were in actual use. This arrangement allows the
system to be adutsed to overcome the resistance to air flow found in each separate component of the sampling train. A
constant flow pump that uses electronic flow devices can be seen in Figure 4-11.
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Fig. 4-10. Particulate filters, left to right: cellulose ester;, glass
fiber;, polyvinyl chloride; a filter taken apart to show the
body, support pad, and filter disk; and a filter mounted in a
cyclone device that is used to separate out the respirable
aerosols. These particulate collection filterassembliesdiffer
according to the laboratory requirements for extracting the
hazardous material collected from the filter media.

*7 :- -- -

S. . -.... 72 ` -•

Fig. 4-11. This DuPont P4LC constant flow pump with its
sampling tube attached is a sampling train used to collect
many kinds of gas and vapor contaminants. A particulate
sampling train would have a filter o, filter/cyclone collec-
ti•on devie. Constant flow pumps use microprocessors to
"sense airflow and alter pump speed to maintain a known

-~ collection rate.

( I..'-''

Fig. 4.12. The midget impinger shown in the left back-
ground is used to collect contaminants in a liquid medium;
the midget fritted impinger shown on the right backgrond
breaks up contaminated gases into tiny bubbles, thereby
increasing the collection efficiency. The impinger shown in
the right foreground is designed to collect samples but not
leak into the pump. Collection tubes containing Firebrick,
activated charcoal, and silica gel, center foreground, tcp to
bottom, are used to collect various gases and vapors for
laboratory analysis.
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Fig. 4-13. This 3M Gas Badge, shown in front of its shipping
container, is used to monitor for exposure to ethylene oxide;
air pumps or other sampling-train components are unnec-
essary.

Fig. 4-14. Stainless steel, right, or glass, left, evacuation
- .containers have valves to control the collection of grab

"samples of worksite air into rigid containers of known
volume. The flexible collection bags, center, usually have
fittings that connect to air pumps, which fill thebag with the
air sample.

of contaminants that do not use elaborate mechanical exposure sampling must quantify actual exposures for
sampling trains. In all methods, samples are collected comparison with these standards to determine when
at a known rate so the air volume collected can be corrective action or medical surveillance is indicated.
related to the total amount of contaminant found by Identifying both the limitations inherent in the mea-
laboratory analysis. For example, gas-monitoring surement process and the potential adverse impact of
badges are available for many compounds and use measurement variables are essential for meaningful
diffusion through a membrane or into an orifice to exposure. sampling. Industrial hygienists determine
collect samples ata known rate (Figure4-13). Afterthe exposure levels by finding the amount of each particu-
collection period, the badge is sealed to prevent loss by lar chemical contaminant per unit volume of air, there-
diffusion and is sent to a laboratory for analysis. fore, the mass of the chemical, the volume of the air

InstantaneousorgrabsamplescoUectactualworksite sample, and the efficiency of the collection all subject
air;, the sample contains whatever contaminant exists this process to potential collection errors.
at the instant of collection (Figure 4-14). Evacuated Reported exposure levels are actually surrounded
containers, displacement colletors, and flexible col- by a range of possible values; the actual level lies
lection bags are used for collecting grab samples, within the range. For example, a laboratory might
which are then sent to a laboratory for analysis. report that it analyzed an air sample and fcund 125

ppm benzene. Taking into account the statistical con-
Assessing Measurements sideration of random and systematic errors found in

sample collection, handling, and analysis, the level
Exposurestandards havebeen developed formany should have been reported as 125 ppm ±10 ppm, with

physical and chemical ha.zards found in the work aconfidencelevel of 95%. Ifnumerousmeasurements
environment. The Occupatmnal Safety and Health havebeen taken, the meanand thestandard deviations
Adminiitration'spimisbleexposurelevels(OSHA's of the mean can be estimated very closely. Estimates
PELs) are regulatory standards that carry the force of are not nearly as good with fewer samples, and only
law. The ACGIH's Threshold Limit Values (TLVs) are broad confidence limits can be obtained (Exhibit 4-1).
consensus standards that do not carry the force of law. In nonstatistical terms, error in calculating the mass
Because both are applied by hygienists in their work, of a chemical is usually a function of (a) collection
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EXHIBTI 4-1

ERRORS IN MEASUREMENT

All exposure measurements can contain both random aid systematic errors; therefore, they are onlyestimates of actual values.
Random rrors occur by chance, sometimes highter and sometimes lower than the true value. Systematic errors always skew a
value either above or below the actual value. For example, a track coach repeatedly timing a runner with a highly accurate
stopwatch will err randomly due to the reaction timerequired tostopthewatch. If the coach uses an inferior watch thatrunseither
fast or slow, however, then the elapsed time measured will always be too slow or fast, and the errors will be systematic. Because
both random and systematic errors can occur concomitantly, ourgoals are to eliminate systematic error and to control for random
error.

Systematic Error

The more complex the measurement, the more likely that systematic errors will occur. Typcal errors that industrial hygienists
see include malfunctioning or inco:.rectly calibrated equipment, untrained or inexperienced operators, and errors in recording
data. For example, there is little chanceforerror whenading the numeric display on a digitalcarbon monoxide meter. However,
othersourcesofsystemicerrorcould exist with this meter. Istbeoperatorproperlycalibratingand operating the instrument? Are
the correct scales used and are the results recorded in the correct units of measurement? If not, then several sources of systemic
errm have contaminated this simple, direct measurement of carbon monoxide-exposure levels.

Aggressive quality-control and quality-assurance mewsres can eliminate these errors. Credentialed operators maintaining,
cahlbratin& and operating measurement equipment, and analytical laboratories participating in quality-control procedures such
as external proficiency testing and internal quality control will produce accurate results.

Random Error

Instrument operators introd uce random error when they read dials and meters, set flow rates, measure time, prepare solutions,
and perfcrm other tasks that require observation and reaction. The random error produced can neither be eliminated nor (for a
single measurement) predicted.

Probability theory predicts that in a series of measurements the results will be evenly distributed around the true value. This
central tendency is a fundamental principle of statistical analysis. It provides a powerful tool to develop measurement strategies
that will recognize random error and accurately estimate true values.

seconds Exhibit Figure I Exhibit Figure 2
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For example, 10 timed measurements cf air-volume flow (using a soap buW in a Buret moving from the O-mL to the 509-mL
points) can be represented as a histogram (Exhibit Figure 1). We intuitively understand that the true flow time is close to 30
seconds. This means the air-volume flow is close to 1.0 L/min. And, indeed, the mean of all the measurements is 30 secon&

However, more measurements produce a more-accurate estimate, and the more measurements taken, the more nearly correct
the estimate will be. Fventually. further measurement is not worth the effort. If several hundred measurements of the time for
a soap bubble to travel from the 0-mL to the 500-nL points on a Buret were plotted, a bell-shaped curve representing a normal
probability distribuition would develop (Exhibit Figure 2).

Truly random errors will be normally distributed around the mean. In a bell-shaped curve, the standard deviation W-D)
measures this dispersion. Ina normal distnibution, app-oximately 68% of thevalues fall within the rangecf the mean,*1 SDO 95%
within ±2 SD; and 99% within ±3 SD. Generally, industrial hygienists will use the 95% confidence limits for their measurements.

Adapted from Johnson, DL Bell ML Sources and Control of Error in Industrial Hygiene Measurements. Presented at the First
Annual Occupational Health Nurse Symposium; 18-22 June. 1990: Xerox Training Center, Leesburg, Va.
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efficiency, (b) sample stability, or (c) handling in the The target chemical can react with the collection or
laboratory. A known collection efficiency is required storage container and be lost to laboratory analysis.
foraccuratedeterminationof gas-and vapor-exposure Similarly, although laboratories generally have ex-
levels. Chemicals in their gas or vapor phases are tremely accurate and highly sensitive analytical tech-
equally likely to be captured if temperature, pressure, liques and equipment, laboratories can lose chemical
and flowrate are kept constant. The collection of ',,assffhrough a failure to fullyextract thecontaminant
particulates, however, varies with their size, shape, from the sampling media.
and quantity. Various particulate samplers have dif- However, the greatest error in sample collection
ferent collection efficiencies for smaller and larger usually occurs in the field, when the sample volume is
aerosolized particulates. Overloading the chemical incorrectly determined. The instruments used to col-
onto filters or precipitators can cause variable collec- lect samples at the worksite are not designed to be as
tion efficiencies. In addition to error in chemical mass accurateas fixed laboratory bench equipment. Equip-
calculationsasa function ofcollection efficiency, sample ment used in the sampling train can alsobeaffected by
stability is also a factor. Losses or gains in chemical changes in temperature or pressure, physical damage
mass occur after formal collection has been completed. during transportation, power-supply voltagechanges,
For example, chemicals having high vapor pressure and operator error. Many flowrate and volume call-
can boil out of the collection media, and additional bration devices are available, and sampling personnel
target chemicals can enter and contaminate samples must use them both before and after sampling to
that were improperly sealed at the worksite. document the accuracy of the collection procedure

Other sampling errors can occur in the laboratory. (Exhibit 4-2 and Figure 4-15).

EXHIBIT'4-2

AIR-SAMPLING CALIBRATION PROCEDURES

"* Use standard devices with care and athention to detail.
" Check all standard materials, instruments, and procedures periodically todetemine theirstabilityoperating condition,

or both.
"* Recalibrate a device whenever it has been changed, repaired, received from a manufacturer, subjected to use,

mishandled, or damaged, and at any time when its accuracy is questioned.
"* Understand how an instrument should be operated before attempting to calibrate it; usea procedure or setup that will

not change the characteristics of the instrument or standard within the operating range required.
"• When in doubt about procedures or data, assure their validity before proceeding to the next operation.
"* Make all sampling- and ca!ibration-train connections as short and constriction- and resistance-free as possible.

"* Exercise extreme care when reading scales, timing, adjusting, and leveling, and during all other similar sample-
collection operations.

"* Allow sufficient time to stabilize conditions, overcome inertia, and establish equilibrium during calibration and
sampling.

"* Obtain enough points and different flow rates on a calibration curve to generate confidence in the plot obtained.
Plot each point from more than one reading wherever practical.

"* Maintain a complete permanent record of all procedures, data, and results. Include trial runs, known faulty data (with
appropriate comments) instrument identification, connection sizes, and ambient barometric pressureand temperature.

"• When a calibration differs -from previous records, determine why the change occurred before accepting the new data
or repeating the procedure.

"* Properly identify the conditions of calibration, the device calibrated, the material it was calibrated against, the units
involved, the range and precision of calibration, the date, and the nane of the person who performed the actual
procedure for al; calibration curves and factorsm If possible, indicate the location of the original data, and place
appropriate caliration data on the instrument.

Adapted from Uppman, M. Instruments and technique; •sed in calibrating sampling equipment. In: The Indust ral Enm.renf-its
Ezvauatkm and Contrnl. Washington, DC: USDHEW. PHS. CD.C. NIOW-; 1973: Chap 1I.
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Worksite Sampling Strategy

7- For each sampling situation, the industrial hygien-
ist must use a logical sample collection strategy that
will characterize the exposure of personnel at the
worksite. The National Institute for Occupational
Safety and Health (NIOSH) has published a recom-
mended decision logic to help determine strategy (Fig-
ure 4-16). Whatever technique is used, industrial
hygienists must consider five factors: the location,
timing, and personnel to be sampled; the sampling
"period; and the number of samples.'z

Location
Fig. 1-15. The Gilian Instrument Corporation's Gilibrator
BubbleGeneratorprovidesanefficient method ofdetermin- Samples may be collected at the worker's breathing
ing airflow rates before, during, and after samplecollection. zoneat a specific worksite, or in the general area. The

definition of a worker's exposure presupposes sample
collection at the worker's breathing zone. However, it
is sometimes impossible or dangerous to fit a worker
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Fig. 4-16. Recormmended employee exposure determinations and measurement strategy. This sampling logic uses the
current permnissible exposure levels (PEl.s) and the action level (AL, which is one-half the PEL) to set up a sampling strategy
t o deteririne exposures and sampling freuency. Source: Reprinted from National institute for Occupational Safety and
Health. OXccupational t~Xposkre Sampling Strategy. Manual. Washington, DC: US GPO; 1977:11.
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with even the small air-sampling pumps or to place a pling necessary to define the contaminant level at the
direct reading instrument in the worker's breathing worksite. Some variables that influence this determi-
zone. In theseinstances, the industriai hygienist should nation include the appropriate exposure standard, the
collect samples close to the worker at the worksite. capability of the collection instruments, the estimated
While breathing-zone samples are preferable, sam- chemical concentration at the worksite, and the
ping at the worksite, or even in the general area of laboratory'scapability. In most cases, the critical vari-
operation, can be used to define the effectiveness of ableisthelaboratorycapability: theiranalyticalequip-
engineering control measures, round out exposure ment may need more volume of sample than can be
data by defining the spread of contaminants, and collected during a short-term operation. The indus-
support breathing-zone sampling results. trial hygienistand theanalyst mustcome toagreement

on the amount of sample required to satisfy both their
Timing needs.

NIOSH describes samphng periods as (a) full work
Worksite exposures change throughout the day. period/single sample, (b) full work period/consecu-

Times as short as a shift or as long as an entire season tive samples, (c) partial work period/consecutive
can alter the evolution, distribution, and dilution of samples, and (d) random grab samples (Figure4-17).'
hazardouschemicals. Whendevelopingthesampling Each of these sampling periods has a different pur-
logic, industrial hygienists must consider what time of pose. Forexamplean8-hourperiod singlesamplewill
day, week, month, or year will fully characterize expo- provide only one number:, the average exposure over
sure. This, of course, requires that the industrial hy-
gienist be thoroughly familiar with the procedures
used at the worksite and the differences in operations
that are likely to depend on seasonal or weather condi- TABLE44
tions. For example, ventilation may be reduced to keep
anarea warm in winter, or increased tocool itinsununer. SIZE OF SAMPLE THAT WILL INCLUDE TOP

10% EXPOSURES AND ACHIEVE
Personnel 90% CONFIDENCE LIMITS

Sampling the breathing zone of each individual at a Size of Group (N) No. of Required Samplest
worksite provides the mostdetailed information. How-
ever, this option would be impractical if 40 people 8 7
were doing the same work. To collect samples that are 9 8
as representative as possible, the industrial hygienist
must make on-site determinations to designate the 10 9
pe!sonnel with the highest probability of overexpo- 11-12 10
sure. NIOSH's Occupational Exposure Sampling Stralf-
egy Manual contains a method to determine the number 13-14 1l
of different samples that will ensure that at least one 15-17 12
person from the top 10% exposure group is included in 18-20 13
the sample, with 90% confidence (Table 4-4).2sPs5

For example, if 31 workers are all sanding paint off 21-24 14
damaged trucks in a large maintenance bay, then N = 25-29 15
31. To be 90% confident that at least one of the three
workers (10% of 31) with the highest of all exposures is 30-37 16
included ina partial sampleat least 16 workers (n = 16) 38-49 17
should be selected at random from the 31. Thus, we 18
sample about 50% of the group to be 90% sure that at
least one worker in the highest 10% of all exposures i 'N: Size of original group judged to have the same exposure
included. potential

tn: Size of partial sample if N > 7 (the entire group must be

Sampling Period sampled if Ns 7)
Reprinted from Keenan RG. Dircct reading instruments for deter-

The industrial hygienist has to analyzeseveral vari- mining concentrations of aerosols, gases, and vapors. In: The
Industrial Encironmenrt-Its Etvluafion and Control. Washington.

ables to determine the volume and duration of salmq- DC: USDHEW, PHS. CDC, NMOSH; 1973: Chap 16.
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the entire 8-hour period. If a worker were exposed to be calculated from the series of sample results to
40 ppm for 1 hour, 100 ppm for 6 hour, and 0 ppm for determine the daily average and, because three differ-
1 hour, and all exposuies were collected on one sample ent collection devices were used, we also see partial-
medium, the laboratory would find only that the expo- period results:
sure over the 8-hour period averaged 80 ppm. There-
fore, unless a direct reading instrument with a re- p h
corder is used as the collection device, industrial 8 h
hygienists will not be able to determine if short-term 640 ppm/ = 80 ppm TWA
overexposures occurred during this 8-hour period. 8 h

These overexposures could be high enough to cause Partial-period sampling can be used when the op-
acute effects, yet not exceed the 8-hour standard when eration is uniform throughout the day, or when it is
averaged. Toescapethisdifficulty, consecutive, short- only done intermittently. One-time samples using
duration sampling over the 8-hour period provides detector tubes or evacuated containers can be useful
both the full exposure and the short-term exposure as screening devices, but they provide only a single
levels (STELs). A time-weighted average (TWA) can snapshot of possible exposure.

"Ful Period
A t sigie Saie

A 1014B - 10
Full Period

A B- Corevtiv Samples

A -b4+- B -br+44 C -r

-- A B mob
E Partial Period

A -PH'-* - B 0" C -01

A B C D E
Random
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A B C D

I I I I I I I I

0 1 2 3 4 5 6 7 8
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Fi 4-17. Ful period singJe-samples provide only average exposu for theentire daytdsted mkl ne o me-duration
oepostmes that might occur during a shift Full period ecutive samples can be used to define exosues for differezt phases of
an operation or to determine if exposure varies. As many as 16 and 32 samples (for 30- or 15-mm intervals) are sometimes used to
dcaracterize exposures during an 8-hot" scrkday. Partial period samples are useful for intermittent operations Grab samples can be
taken during expected peak expo=s to determine if more sampling is required. Souro. Reprinted from National Institute for
CcupabioAl Safety and Headlth Oxqutkimil Erpawt Salikg St ftey ~inua. Washington. DC US GPIO; 1977:.38
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Number of Samples the physical state and purity of the chemical, and its
toxicity will affect the industrial hygienist's determi-

The industrial hygienist also determines the num- nation.
ber of samples required to accurately determine a The standards used by U.S. Army industrial hy-
worksite exposure. Single samples, even if they en- gienists are designed to conserve the fighting strength
compass a full shift, are not sufficient to characterize by controlling preventable disease and injury through
exposures. Many factors can alter exposures, such as command-oriented, occupational-, environmental-,
interference from adjacent operations, the age of the and personal-protection programs. These standards
chemicals used, and a change of operators. Only a aredetailed in AR40-55andTechnical Bulletin Medical
series of samples taken over time and recorded in the (TB MED) 503' and include
HHIM can provide the record of exposure that is
needed to show constant or fluctuating exposure lev- * DoD and Department of the Army Occupa-
els. Industrial hygienists must adjust the samping tional Safety and Health (DA OSH) standards
number over time if sample results prove to be all low, for military (field and garrison) and nonmili-
all high, or erratic. tary worksites, for which regulatory agencies

either have or have not issued OSH standards,
Interpreting the Findings and which are included in DoD and DA Pam-

phlets, circulars, TB MEDs, and messages;
The factors that industrial hygienists analyze to * OSHA standards, including PELs, which are

determine whether particular exposures are hazard- written into the regulations, and emergency
ous to health include (a) the reported exposure concen- temporary standards with minor adaptations
tration (withappropriate consideration ofthevariance as necessary, to conform with DA administra-
caused by sampling error), (b) the worksite (including tive practices;
the duration and type of exposure), (c) the nature and * otherregulatory worksitestandards issued un-
toxicity of the chemical, and (d) the existing standards. der statutory authority by other federal agen-
Various systemic sampling errors occur and the re- cies such as the Department of Transportation
ported exposure concentration contains a positive or and the Environmental Protection Agency;
negative variance around the true exposure. This can 0 special DA OSH standards developed for mili-
have little impact if the reported exposure is far below tarily unique equipment, systems, and opera-
or far above the health standards. Frequently, how- tions; and
ever, the reported result falls near the standard, and * alternateworksitestandardsbasedonpublica-
the statistical variance prevents making an accurate tions relating to worksite exposure criteria.
determination of whether the exposure has exceeded
the standard. Then, the industrial hygienist must The army usesalternatestandardsinlieu of existing
develop and execute a new, more defined sampling OSHA standards or when no OSHA standard exists.
strategy, which could include more frequent consecu- The current ACGIH TLVs` are used in DA military
tive samples or lower detection limit on the monitor- and civilian worksites if the OSHA PELs are less strin-
ing instrument, gent or if no OSHA standard exists.

Because most standards are based on the conven- Outside the continental United States, DA OSH
tional 40-hour workweek, unusual schedules (> 8 h/d or standards apply to Industrial Hygiene Program activi-
40 h/wk) require a special assessment of the hazard. ties unless Status of Forces Agreements (SOFAs) re-
Although the standards are generally proportionately quire United States military forces overseas to comply
reduced to incorporate increased exposure time and with more stringent laws in host countries. In the
decreased recovery time, more complex models use absenceofSOFAsthemoststringentapplicableUnited
pharmacokinetics to adjust exposure standards.' States regulations apply.

To determine a hazard potential, industrial hygien- The relationship of the current sample to the histori-
ists must know the rationale behind an exposure stan- cal record of sample results that is kept in the HHIM
dard; they must correlate all exposure variables with must also be kept in mind. A significant difference
the standard, while also considering that the standard from the historical record could be the result of an
was developed using data from animals, accidents, unreported change in the work-routine or the chemical
and laboratories. However, conditions at the actual supply. It could also be nothing more than a human
worksite may not bear any relation to the data that error in sample collection, transport, or analysis. In
were used to set the standard. The length of exposure, any case, when the record shows comparable results
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that suddenly change, industrial hygienists must look exposure levels. Gradually changing exposures could
closely at both industrial operations and industrial result.frominappropriatemaintenanceofcontrolequip-
hygiene procedures. Another use of HHIM records is ment, progressive operational changes, or deteriorat-
to display either increasing or decreasing trends in ing chemical purity.

CONTROLLING HAZARDS

After industrial hygienists have characterized the physical state to one that more readily gains entry into
hazards of a worksite, they provide recommendations (or onto) the worker. For example, instead of welding
to control or eliminate them." 1' Control measures metals together with oxyacetylene or electric arc tech-
are classified as primary and secondary. Not every type niques, welders can join metals by bolting, riveting,
of control is necessary or appropriate in every situa- or resistance spot welding. These processes gener-
tion: the willingness of the employees to accept and ate virtually none of the metal and flux (an antioxida-
use the controls, the operating costs, and maintenance tion compound) fumes associated with oxyacetylene
problems must all be considered. or electric arc welding. Another example of process

substitution can be seen in a painting operation. In-
Primary Controls stead of spray painting parts, workers could dip them

or use electrostatic painting. Dipping reduces expo-
Primary controls--substitution, isolation, and local sure to both paint solvents and paint pigments, and

exhaust ventilation-prevent or eliminate worker ex- electrostatic spray painting controls exposure mainly
posure. to the pigments. Another example is the substitu-

tion of wet grinding for dry. This substitution reduces
Substitution dust generation and therefore reduces possible

exposures.
Some hazards can be eliminated by substituting a

less hazardous, yet effective chemical for the hazard- Isolation
ous one (chemical substitution), or changing the pro-
cess that produces the hazardous exposure (process Isolation is a control technique that imposes a bar-
substitution). tier between the worker and the hazard. Barriers are

Although it is one of the best primary control mea- generally distance or a physical structure. In some
sures, chemical substitution is not without its own cases, merely increasing the distance between the
risks if it is not fully researched before implementa- worker and the hazard can reduce the hazard poten-
tion, and carefullymonitored thereafter. Forexample, tial, especially for hazards such as heat, noise, or
an unsuccessful chemical substitution occurred in the radiation, where intensity falls off rapidly with dis-
dry cleaning industry- carbon tetrachloride was sub- tance. Physical barriers can be as simple as a small
stituted for petroleum naphtha to eliminate a fire operator's booth above the process or a reflective wall
hazard. When carbon tetrachloride was later found to between the worker and a radiant heat source. How-
be associated with liver damage, chlorinated hydro- ever, complicated isolation systems (eg, enclosing the
carbons such as trchloroethylene and perchloroethyl- whole process or monitoring the work via television
ene were substituted. Perchloroethylene is now listed cameras) may sometimes be necessary. If hazards are
as a suspected carcinogen, completely isolated within process sites, consideration

Fluorinated hydrocarbons (Freons) have also been must be given to the hazard that will occur if a worker
suggested for dry deaning, and, because they have must enter the isolated machine or operation. In these
very low inhalation and fire hazard properties, they cases, theexposurecansuddenlyincrease fromzeroto
appear to be safe. However, these compounds are not extremely high levels. Industrial hygienists must pre-
without toxicity and also contribute to the deteriora- pare for such emergencies in advance.
tion of the earth's ozone layer (see Chapter 13, Sol- Although PPE and work schedules serve as physi-
vents, Fluorocarbons, and Paints). cal and temporal barriers to hazardous exposure, nei-

Likechemicalsubstitution, processsubstitution can ther is considered to be an isolation technique. Both
effectively control hazards. In many cases, the process allow for more actual contact with the hazard than the
itself increases exposure levels by spewing the cheni- other primary controls and thereý"e are classified as
cal into the air or by transforming the chemical's secondary controls.
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Local Exhaust Ventilation However, industrial hygienists must consider the pos-
sible shortcomings of general ventilation as a method

Properly designed, installed, and maintained local of exposure control. For example, the contaminant
exhaust ventilation prevents exposure by capturing must not recirculate into the work area through adja-
the contaminant at its source and removing it before it cent air inlets and outlets. Buildings with designed air
reaches the worker's breathing zone. However, the recirculation, intended to save money on air-tempera-
phrase"properlydesigned, installed,andmaintained" ture adjustment or filtration systems, can cause the
does not fully convey the complicated nature of venti- same problem. General ventilation permits workersto
lation design nor the importance of adequate .,ystem be exposed to the contaminant; therefore it should not
maintenance (Table 4-5). A complete understanding be used asacontrol forvery toxic material, orwhen the
of ventilation-system work requires significant train- contaminant cannot be diluted because workers are
ing and experience. The ACGIH publishes a manual close to the source."
detailing the engineering of industrial ventilation,
which is revised frequently." Personal Protective Equipment

Secondary Controls PPE must only be used as interim measures, or if
engineering control absolutely is not feasible. These

Secondary controls are used to reduce, but not devices do not remove, reduce, or eliminate hazards
entirely eliminate, exposure and include (a) general from the worksite; they are merely insubstantial barri-
ventilation, (b) PPE, (c) worksite monitors, (d) medical ers between the worker and the hazard. Effective PPE
surveillance, (e) administrative controls, and (f) train- is available for use as a temporary, emergency, or
ing and education. Occasionally, several types of short-term control.-"
primary and secondary controls are employed to- No PPE is effective unless it is properly used. Any
gether to control exposure. misuse or failure of the protective equipment will

cause the worker to be exposed to the contami-
General Ventilation nant. Unfortunately, most PPE is uncomfortable and

workers may misuse the devices. Respirators, hear-
Generalventilationdilutesacontaminantwithclean ing protection, face shields, gloves, and other PPE

air to concentrations below the accepted standards. can cause physical and mental strain if they must

TABLE 4-5

LOCAL EXHAUST VENTILATION

Design Flaw Resultant Problem

900 turns in ducting Increased airflow resistance

Failure to provide make-up air to replace exhaust air System resistance and drafts

Underestimating ventilation airflow system resistance Undersized fans and motors

Use of blast gates Inadequate control of airflow, system imbalance

Improper sizing of ducting Inadequate control of airflow

Maintenance Requirement Problem Created by Omitting Procedure

Lubrication of fan and motor bearings Bearing seize-up, airflow stoppage, and equipment damage

Tightening/replacing fanbefts Little or no air movement

Cleaning/replacing clogged filters Increased airflow resistance "rid decredSed contamination control

Cleaning of fan belts Decreased fan efficiency

Confirmation of proper direction of fan-blade rotation Little or no air movement
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bewornallday. Therefore, industrialhygienistsshould aprons, and other protective clothing provide a bar-
strive to use primary controls so that PPE is unnec- rier to chemicals that either affect the skin itself, or
essary. gain entry to the body through the skin. Protective

Respirators. The classifications of respirators in- clothing is made with myriad materials, each with
clude (a) air purifying respirators, (b) air supplying different permeation characteristics for different
respirators, and (c) self-contained breathing appara- chemical groups. These characteristics range from
tuses. The air purifying respirators remove contami- easily penetrated to very protective.Y' When select-
nants by filtration, absorption, adsorption, or catalytic ing protective clothing, industrial hygienists should
action. Air supplying respirators provide breathable consider not only an item's protective ability, but also
air from compressors, blowers, or air cylinders. Self- its comfort and fit, and the likelihood that workers will
contained breathing apparatuses supply air to the wear it.
worker from.a rebreathing device or an air tank that
the worker carries. Worksite Monitors

The proper selection, use, escape requirements, and
care- of respirators is a complex subject; the currently Worksite monitors are warning devices that signal
accepted respirator selection decision logic must be when a preset limit of exposure has been reached.
fully considered before utilizing respirators (Figure 4- These devices have some value, but they allow expo-
18). 3 Such concerns as the level of exposure, oxygen sure lower than the monitor'salarm setting tooccar. If
level, warning properties of contaminants, protection worksite monitors are not calibrated or maintained,
levels of each respirator class, carcinogenic properties exposures can occur well above standards or settings.
of the contaminants, immediate danger to life or Additionally, if monitor- are too sensitive or are set at
health,7 levels of the contaminants, escape require- too low a level, workers may either ignore or disable
ments, and approval restrictions must be fully consid- the frequent warning signal.
ered before respirators are utilized. NIOSH, the ac-
cepted approval authority, and AIHA publish detailed Medical Surveillance
materials on these subjects."-"' These must be read and
understood before selecting respirators as protective Medical surveillance isan important secondary con-
devices. trol because it alerts medical personnel that potential

Once qualified personnel have selected the proper overexposures are occurring This control can also
respirator, workersand supervisors must receive train- identify those hypersusceptible individuals who might
ing regarding its proper use and care. Workers and haveadverseeffectsatexposuresbelowthestandards.
supervisors must understand the rationale behind the Although medical surveillance allows early detection,
use of respirators instead of engineering controls. The exposure to the hazard has already occurred.
user must be fully involved to understand the need for
using such uncomfortable protective equipment. Ex- Administrative Controls
isting OSHA and U.S. Army regulations also contain
detailsconcerning the full requirements fora complete Exposure time limits and standing operating proce-
respirator program.",'-' dures (SOPs) are administrative controls. Exposure

Eye and Face Protection. Eye and face protection timelimitsensurethat, althoughshort-termnexposures
provide a barrier against hazards ranging from liquid over the exposure standard may oc-cur, the 8-hour
chemicals to solid projectiles to intensive light radia- TWA remains below the standard. Operational SOPs
tion. Individuals who select the protective devices direct the correct use of chemicals or personal protec-
must know the form of the hazard. For example, tion. However, unless these controls are enforced,
chemical splashes, mists,and streamsrequiredifferent overexposure can certainly occur.
levels of protection, ranging from chemical-splash
goggles to full-face shields. Similarly, various levels Training and Education
and forms of intense visible, infrared, and ultraviolet
light also require different protection levels in goggles Workerssupervisors,engineers,and managersneed
and welders' face shields: oxyacetylene cutting, for to know and understand the hazards, their health
example, does not require the level of eye protection effects, and the protective techniques recommeended.
against intense light that is needed for electric arc The communicafion of worksite hazards to workers is
welding, now not only a basic, common-sense requirement, it

GlovesandOtherCiothing. Gloves, leggings, boots, is also a federal regulation."'
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SUMMARY

Industrial hygiene in Lhe U.S. Army and the United derstand and use appropriate monitoring equipment,
States developed apace. The need to keep healthy, analyze exposure data in relation to the route of entry
trained, productive personnel at materiel-production and action, and determine the best control measures.
facilities operating at full capacity during our wartime The basic goal of industrial hygiene is simple: iden-
mobilizations provided the initial impetus for the field tify, evaluate, and control worksite hazards. However,
of occupational health and the subdiscipline of indus- putting this into practice requires extensive education
trial hygiene. The utility of hazard identification and and experience. Industrial hygienists must be aware of
control in the workplace has not faded. The expansion the many sources of error in industrial hygiene meas-
of industrial hygieneoperationsinthearmyandinthe urements. Eliminating or controlling systematic and
United States has significantly improved both quality random error is a matter of aggressive quality control
of life and productivity, and quality assurance, and of the appropriate statistical

Industrial hygiene, occupational healthcare, and treatment of data. Occupational health professionals
occupational safety have separate but interrelated re- should be aware of sources of error, be alert for flawed
sponsibilities. Their shared, broadly based concerns exposure estimates, and be prepared to ask the hard
and interests make their close cooperation and coordi- questions necessary to perform their true preventive
nation essential. Trained and experienced industrial medicine mission: eliminating and controlling occu-
hygienists are necessary to define work practices, un- pational health hazards before they can do harm.
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INTRODUCTION

Whether large or small, healthcare facilities are AMEDD also uses deployable field medical treatment
complex environments in which biological, chemical, facilities (MTFs). These militarily unique MTFs pose
and physicalagentsposepotenti3lthreatstothehealth greater challenges in the control of potential health
of patients, staff, and visitors. Hospitals, medical threatsthanarefoundinfixedmedicalfacilities. Effec-
clinics, and dental clinics the.! pi-ovide primary medi- tively dealing with these potential health threats, re-
cal care are the most common healthcare facilities. gardless of the specific enviror'rnent, requires knowl-
Within the U.S. Army Medical Department (AMEDD), edge about the hazards that might be present, the
other research and service laboratories and veterinary ability to define the nature and extent of exposure, and
clinics alsocontain many of the potential health threats theexpertise to develop and implement risk-reduction
that are found in the primary medical care facilities, programs.

HISTORY

Ironically, patients themselves pose risks to workers and vice versa-may be the most dramatic,
healthcareworkers. Thesenot-insignificantrisksrange but it should not obscure the numerous other, subtle
from contracting seemingly minor afflictions such as hazards that also threaten healthcare workers. New
musculoskeletald&-comfort to death from any number hazards appeared during the early 1900s when physi-
of infectious diseases such as tuberculosis and, in our cians were exposed to radiation while experimenting
own time, blood-borne pathogens. Bernardino with X rays, and operating room personnel faced pos-
Ramazzini (1633-1714), the Italian physician whom sible explosions and other adverse health effects durinn§
we acknowledge as the father of occupational medi- surgery when flammable anesthetic gases were used.
cine, recognized such hazards to healthcare workers Until recently, healthcare facilities were tradition-
when he described dermatitis and exhaustion as dis- ally considered safer than other work environments
eases of midwives in 1713.2 The labor chair (which because employees were generally viewed as provid-
required the midwife to stand in an uncomfortable ers, notaswo'kersexposedtoawidevarietyofhazards.
position) probably contributed to exhaustion; the con- The fact is, however, that hospitalsare oriented toward
stant bathing of the hands in lochia probably caused reducing mortality and morbidity from disease, not
dermatitis. Ramazzini favored the new practice of prevention. As a result, few resources have been allo-
having the patient labor and deliver in bed to ease the cated foroccupational exposures, and safety and health
work of the midwives.' 2  standards for healthcare facilities were promulgated

The terrible mortality that characterized hospitals only to protect patients.3 The National Institute of
before the 20thcenturywasat least partially iatrogenic Occupational Safety and Health (NIOSH) has identi-
in origin. Dr. Philipp Ignaz Semmelweis (1818-1865), fled several factors that have contributed to the lack of
as a result of his work or. puerpueral fever, realized emphasis on the health of workers in the healthcare
that by introducing a few simple maneuvers, he could industry, including the beliefs that
reduce the mortality of this disease. He initiated
routine handwashingby healthcareworkersmore than - hospital workers were health professionals ca-
a century ago. During the second half of the 19th pable of maintaining theirown health without
century, Florence Nightingale (1820-1910), who per- assistance, and
ceived that hospitals were hazardous not only to pa- * informalconsultationswithhospitalphysicians
tients but also to those who took care of them, intro- would relacemedical-facilityemployeehealth
duced open-window ventilation and worked toreduce services.
patient overcrowding. Although most hospital haz-
ards were considered to pose risks to patients rather To correct these misconceptions, safety and health
than to the staff, attempts such as these to protect standardshavebeen, andcontinuetobedeveloped by
patients also benefited healthcare workers.? various federal, national, and licensing organizations

The present emphasis on the hazards of blood- and agencies. Within the realm of their application,
borne pathogens--both from patient to healthcare these standards are addressed later in this chapter.
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TYPES OF HAZARDS

During the normal course of activities in healthcare to those in industrial environments, while others are
facilities, exposures to (a) chemical; (b) biological; (c) uniquetothehealthcaresetting;someexposuresoccur
physicJ, including ergonomic; and (d) psychosocial throughoutahealthcarefacility, whileothersarelocal-
hazards occur routinely. Some exposures are similar ized in a specific area (Exhibit 5-1). Variations in

EXHIBIT 5-1

OCCUPATIONAL HAZARDS IN AMEDD HEALTHCARE FACILITIES*

Maintenance and Engineering Phaimacy Dental Service
Adhesives Antineoplastic agents Anesthetic gases
Ammonia Hazardous drugs Biological agents
Asbestos Radiology Compressed gases
Carbon monoxide Developer chemicals Ethylene oxide
cold Magnetic radiation Formaldehyde
Ethylene oxide X radiation Mercury
Fluorocarbons
Fuels Operating and Delivery Rooms Methyl methacrylate
Heat Anesthetic gases Noise
Lubricants Antiseptics Radiation
Mercury Biological agents Vibration
Noise Ethylene oxide Housekeeping
oils Lasers Biological agents
Paints Methyl methacrylate Detergents
Pesticides Sharps Disinfectants
SewageSolvents Central Supply Glutaraldehyde

Welding fumes Alcohol Sharps
Nuclear Medicine Ammonia compounds Soaps

Biological agents Biological agents Solvents
Radionuclides Detergents Veterinary Clinic

Pathology Dusts Anesthetic gases
Biological agents Ethylene oxide Biological agents
Embedding media Fluorocarbons Disinfectants
Fixatives Formaldehyde Pesticides
Fluorocarbons Glutaraldehyde Sharps

Formaldehyde Mercury Cast and Brace Shops
Glutaraldehyde Noise Adhesives
Phenols Sharps Dusts
Solverts Soaps Noise
Xylene Xylene Solvents

Patient Care Dialysis Units UV radiation
Antineoplastic agents Biological agents
Biological agents Disinfectants
Hazardous drugs Formaldehyde
Mercury
Radiation
Sharps

Musculoskekall strain, psychological stress, and safety (such as electrical and explosive) hazards are not irmcluded
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services, patient ,types, and staff make the listing of mutagenic, teratogenk, carcinogenic, or acute toxicity
every specific exposure for all healthcare facilities warrant attention. These include (a) anesthetic gases,
impossible; therefore, this chapter addresses only the (b) antineoplastic agents and hazardous drugs, (c)
more typical exposure hazards. The comprehensive ethylene oxide, (d) formaldehyde, (e) mercury, and (f)
identification of health hazards and elimination or methvlmethacrvlate. Numerous other chemicals, in-
control of these hazards is a responsibility of each cluding solvents, reagents, and disinfectants are also
individual workplace-whether an industrial or a used in healthcare facilities and may be potentially
healthcare facility. In any occupational setting, the hazardous to employees (Table 5-1). The scientific
methods for hazard identification and control utilize literature contains a wealth of information pertaining
good industrial hygiene practices (see Chapter 4, In- to the hazardous properties of chemicals.?'
dustrial Hygiene).

Anesthetic Gases
Chemical Hazards

Anesthetic gases (such as nitrous oxide, halothane
Exposurestocheniicals--solids, liquids,orvapors-- [Fluothane], enflurane JEthranej, and isoflurane

occurthroughdermalabsorption, inhalation, oringes- [Foranel) can be released into work areas of the
tion. The health effects, which can be acute orchronic, healthcare facility: operating rooms, recovery rooms,
from exposure to chemicals range from mild (derma- labor and delivery rooms, dental operatories, and vet-
titis)tosevere(mutagenicity, teratogenicity, andcarci- erinary clinics.""6 The implications of occupational
nogenicity). The effects depend on the extent (concen- exposure to low concentrations of common anesthetic
trationandduration) ofexposure, the route ofexposure, agents remains controversial."';7- The evidence for
and the physical and chemical properties of the sub- specific chronic effects and the exposure concentra-
stance. The health effects that a chemical substance tions at which they occur are conflicting; however, the
exerts may also be reiated to simultaneous exposure to literature consistently indicates an association with
other chemical or physical agents.? In most cases, variousshort-term, acuteeffectssuchasneurotoxicity.
exposures resulting from chemical accidents, spills, Workers exposed to excessive amounts of anesthetic
leaks, fires, and ventilation failures are more common gases complain about feeling as if they themselves are
than are problems from chronic exposure.4  anesthetized. They experience drowsiness, irritabil-

The most common manifestation of toxicity from ity, depression, headache, nausea, fatigue, and im-
exposure to chemicals, and themost prevalent occupa- paired judgment and coordination."-' Thesebehav-
tional illness among healthcare workers, is contact ioral modifications are of greatconcern, particularly in
dermatitis. Nurses who administer drugs have the the operating room, where they can compromise sur-
highest incidence. Housekeeping personnel, whose gical success and the health of the operating-room
skin is frequently in contact with cleanersand disinfec- personnel.
tants, are second. Dermatological reactions are also Assessing the long-term effects of exposure toanes-
commonamong kitchen, radiography, pathology, sur- thetic agents is more difficult. The chronic effects of
gical, and maintenance personnel from exposures to anestheticgasexposuresare usual!y identified through
cleaners, disinfectants, solvents, and other chemical retrospective epidemiological studies, followed by
solutions.'" confirmational animal studies. The conclusions that

Exposures to aerosols and vapors are also poten- could be drawn in some studies of chronic low-level
tially hazardous. Typical exposures include exposures have been limited due to the lack of quanti-

tative exposure data and heavy reliance on informa-
"* operating room personnel to anesthetic gases, tion from questionnaires."""' However, chronic ex-
"* pharmacy and nursing personnel to antineo- posure to we.ste anesthetic gases has been associated

plastic agents and hazardous drugs, with increastd risk of spontaneous abortion in ex-
"* central material supply workers to ethyleiee posed women v'orkers and the wives of exposed men.

oxide, Other adverse reproductive effects among exposed
"* laboratory workers to aromatic solvents and females includeinvoluntary infertilityand infantswith

formaldehyde, and low birth weights and congenital abnormalities.1'9

"* dental personnel to mercury. Most of these studies took place before scavenger
systems for recovering of waste gas were installed, and

The multitude of chemicals found in healthcare the current opinion holds that, with proper function-
settings prohibits their individual discussion, but sev- ing scavengers and ventilators, the risk of overexpo-
eral that have become notorious as a result of their sure is greatly reduced.*"'a7
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TABLE 5-1

HAZARDS OF SELECTED SOLVENTS, REAGENTS, AND DISINFECTANTS.

OSHA PEL
Chemical Main Biological Effects Type of Work Work Site in 29 CFR

Dioxane Potential carcinogen Preparation of tissue sections Histology lab 1910.1000
Liver and kidney injury Radioimmunoassay Serology lab
Neurotoxicity

Benzene Carcinogen (leukemia) Chemistry procedures Laboratory 1910.1028
Neurotoxicity

Benzidine-based dyes Carcinogen (bladder) Biological stains Histology lab 1910.1010
Neurotoxicity Chemistry procedures Chemistry lab

Print dyes Print shop

Xylene Neurotoxicity Solvent Histology lab 1910.1000
Cardiovascular effects Tissue processing Chemistry lab
Reproductive effects
Liver and kidney injury

Toluene Neurotoxicity Solvent Histology lab 1910.1000
Cardiovascular effects Tissue processing Chemistry lab
Reproductive effects
Liver and kidney injury

Chromic acid Carcinogen (lungs) Tissue processing Histology lab 1910.1000
Irritant

Phenol Neurotoxicity Disinfection Housekeeping 1910.1000
Liver and kidney injury Laboratory

Glutaraldehyde Mutagenicity Tissue fixation Histology lab 1910.1000
Respiratory effects Disinfection Central supply
Dermatitis Dermal treatment Dermatology

X-ray file processing Radiology

Picric acid (crystalline) Liver and kidney injuries Chemistry procedures Chemistry lab 1910.1000
Dermatitis
Gastrointestinal effects
Hernatological effects

Azide Neurotoxicity Blood chemistries Serology lab None
Cardiovascular effect
Respiratory effects

*See -29 CFR. Part 1910 § 1000. Occupational EVosures to Hazardous Chemicals in laboratories.

The possibility that a carcinogenic effect could re- evenist?' Several studies have noted elevated rates of
suit from exposure to anesthetic gases also has at- specific cancers in hospital personnel who are chroni-
tracted attention. 3?1'" The concern about this effect is cally exposed to anesthetic gases: a higher incidence
partially due to the structural similarities between of death from reticuloendothelial and lymphoid
known human carcinogens (dibromoethane, dichlor- malignancies was reported in anesthesiologists~'; and
oethane, bis-chloromethyl ether, and chloromethyl a 3-fold increase in malignancies, which included
methyl ether) and several of the halogenated inhali- unusual tumor types, was also noted in nurse anes-
tion anesthetics now in use (Figure 5-1). In addition, thetistso
anesthetic compounds can be transformed into reac- Although in 1977 NIOSH recommended a standard
tive metabolites, which can combine with tissue mac- to limit exposure to waste anesthetic gases, no federal
romolecules and possibly initiate a carcinogenic regulatory standard currently exists. The US. Army
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bis-chloromethyl ether enflurane isoflurane

Fig. 5-1. Among the halogenated anestheticscurrently in use, bis-chloromethyletherisa recognized human carcinogen, with
a Threshold Limit Value-time-weighted average (TLV-TWA) of 0.001 ppm. The structural similarities of other halogenated
inhalation anesthetics give rise to the concern that they may also play a role in the development of cancer.

Office of The Surgeon General (OTSG) promulgated or endotracheal tube, and not washing anesthetic gas
the U.S. Army exposurestandards in 1982 inTechnical from the patient's lungs with oxygen); leaking anes-
Bulletin, Medical (TB MED) 510.2 TB MED 510 has theticequipment;inadequatewaste-gascollectionand
been revised and the 1993draftrevision isbeingstaffed containment (scavenging systems); and, to a lesser
at OTSG. This draft contains the proposed army extent, poor general ventilation.
permissible exposure levels (PELs), which are the same
time-weighted average (TWA) levels shown in Table Antineoplastic Agents and Hazardous Drugs
5-2. These particular TWAs are calculated from air-
borne concentrations that are measured over the time Antineoplastic agents (cytotoxic drugs) are chemi-
the anesthetic is administered. Therefore, they are not cally unrelated but are capable of inhibiting tumor
the 8-hour TWA exposures typically described by the growth by disrupting cell division and killing actively
Occupational Safety and Health Administration growing cells.3 They can be divided into structurally
(OSHA) PELS or the American Conference of Govern- separate drug classes: (a) alkylating agents, (b) antibi-
mental Industrial Hygienists' Threshold Limit Values otics, (c) antimetabolites, (d) mitotic inhibitors, and (e)
(ACGIH'sTLVs). This guidance applies to field hospi- a miscellaneous class (Exhibit 5-2).
tals during peacetime training but does not apply in Alkylatingagentsactbycovalentlybindhng toDNA,
combat zones. thus interfering with znormal DNA replication. Antibi-

When a halogenated anesthetic agent is used in otics work as DNA intercalators, and interfere with
combination with nitrous oxide, the TWA exposure
limit becomes 25 ppm for nitrous oxide and 0.5 ppm
for the halogenated agent. This reduction in the expo-
sure limit is based on reported decrements in worker TABLE 5-2
performance, which are believed to be caused by PERMISSIBLE EXPOSURE LEVELS (PELS)
synergistic effects of exposure to both classes of anes- FOR WASTE ANESTHETIC GASES
theticagentssimultaneously, not toanincreased health
hazard.?23 There are no OSHA PELs, and the current Anesthetic Gas Concentrations
TLVs are 50 ppm for nitrous oxide, 50 ppm for (ppm)*
halothane, and 75 ppm for enflurane; therefore, the
0.5-ppm and 25-ppm exposure levels for nitrous oxide N20 50t
when used in conjunction with a halogenated anes-
thetic agent (which was recommended by NIOSH in Halogenated agents used alone 2t
1977) is quite conservative. For this reason, the concept
of an action level (one-half the PEL) that is customarily N20 and halogenated agent 25 (for N20) + 0.5 (for
used in occupational health is not applicable to expo- used together halogenated agent)t
sure lim its for waste anesthetic gases. ......... ....... .............. .....

Exposure to waste anesthetic gases can be con- Time-weighted averags (TWAs)
trolledbyfollowingtheguidelinesset forthinTBMED tThese values were adopted as PELS by the California state
510 and by ensuring that employees are aware of the Occupational Safety and Health Standards Board on 24 February
exposuresources. Employees should know thatexpo- 1992 (General Industry Safety Orders § 5155)

f e p- Source- National Institute fo. Occupational Safety and Health.sures usually result from caeless work practices (such CrIenfora RecommendedStandard:OccupatonalEzposurrto Waste
as an improper seal with the patient's mask, not elimi- Anestheic Gasesand Vapors. Cincinnati, Oh: NIOSH; 1977. DHEWnating anesthetics before removing the patient's mask (NIOSH) Publication 77-140.
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EXHIBIT 5-2

COMMON ANTINEOPLASTIC AGENTS*

Atkylating Agents Antibiotics Mitotic Inhibitors (Vinca alkaloids)
Busulfan Bleomycin (Blenoxane) Etoposide (VP-16-213), (VeI'esid)
Carmustine WBNW) Dactinomycin (Actinomycin-D), Vincristine (Oncovin)
CCNU (Lomustine) (Cosmegen) Vinblastine (Velban)
Chlorambucil Daunorubicin (Cerubidine)Mielaou
Chloranphazin Doxorubicin (Adriamycin) Miscelargnaeou Espr
Cisplatin (Platinol) Mithramycin (Mithracin) I-saaiae(lpr
Cyclophosphamide (Cytoxan), Mi1tornycin (Mutamycin)

(Neosar)
Dacarbazine (DIC) (DTIC) Antinietabolites
Melphalan (Alkeran) Azaihioprine
Myleran Cytosine arabinoside (Cytosar-U)
Nitrogen mustard (Mustangen) Fluroracil rucl)
Streptozocin (Zanosar) Mratprn
Triethylene thiophosphoramide Methotrexate (Mexate), (Folex)

(Thiotepa) Procarbazine (Matulane)
Teosulfan
Uracil mustard (Uramustine)

List is not exhaustive

transcriptional processes in protein synthesis. Anti- *Exposure to antineoplastic drugs during their
metabolites block the synthesis of essential cellular first trimester of pregnancy was found to be
building blocks such as folate, purines, and pyrimi- significantly morecommonamong nurses who
dines, thereby inhibiting protein synthesis. .Antimi- gave birth to malformed infants than among
totic agents act primarily as spindle poisons, and block those who delivered normal infants.2'
mitosis and normal cellR division. The miscellaneous *Astatisticallysignificantassociation wvas found
category contains agents with various effect mecha- between occupational exposure to antineo-
nisms. Several of these agents are mutagenic, carcino- plastic drugs during the first trimester of preg-
genic, and toxic to the reproductive system and nancy and fetal loss.'
are discussed in greater detail later in this chapter
(Table 5-30-" These findings suggest that a significant reproductive

Patients treated with these drugs have had signifi- risk may be incurred by workers who handle
cant adverse outcomes: hemnatopoietic effects and antineoplasticagentsdurmngpregnancy. Virtuallyalithe
occurrences of second malignancies (usually henia- reports that are discussed in these two epidemniologi-
tolclmalignan ies); ' impaired reproductive.func- cal studies describe studies performed on oncology
tion,3 immunosuppression,~ and case reports of nursing and pharmacy personnel. However, several
mallfor-med infants born to treated mothers.4M These antineoplastic agentscclophosphamide, for ex-
reports, together with laboratory evidence of the mu- ample-are increasingly being employed for nonnialig-
tagenic activity of antineoplastic agents; have trig- nantillnesses. Thus, the potential forexposing workers
gered concern about possible long-term health risks in othersectmosfthe heahcare setting wiillexpancL 5 11
to healthcare personnel who handle these drugs. While the primary focus of occupational exposure

Several investigations that attempted to assess this to !hese agents has been on measures of mutagenicitv
risk found increased measures of mutagenicity,ýo and potential chronic disease outcome (such as can'-
but contrarily, other-, found no excesses in workers cer), acute effects in exposed workers have also been
who handle these ageflts.4Iu9 Two epidemiological reported among nurses and pharmacists who handle
studies, both published in 1985, regarding reproduc- the drugs. These effects include dizziness, headaches,
five outcomes of female workers exposed to anti- facial flushing, and nausea"5 '-; and bronchospasm,
neoplastics are notable: vomiting, and diarrhea.5
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TABLE 5-3

TOXIC PROPERTIES OF REPRESENTATFVE ANTINEOPLASTIC AGENTS

Chromosomal
Agent Mutagenic* Effectst Carcinogenict Teratogenic§

Actinomycin D Chr ab + r, m; (+) hum + sev sp
Adriamycin + Chr ab, SCE + r
Azacytidine + - (+)M + m
Azathioprine + - (+) m, r, + hum + sev sp
Bleomycin SCE
Busulfan + Chr ab, SCE (+) m; + hum
Carmustine (BCNU) + Chr ab +r + r
Chlorambucil + Chr ab (+) n, r; (+) hum
Cisplatin + Chr ab
Cycloposphamide + Chr ab, SCE + m, r, hum + sev sp
Dacarbazine + - + m, r + sev sp
Danunorubicin + Chr ab
Fluorouracil + sev sp
Isophosphamide + Chr ab (+) m, r + m
Loinustine (CCNU) + SCE + r + r
Melphalan + Chr ab, SCE + m, r, hum
Mercaptopurine + Chr ab - + .'ev sp
Methotrexate + Chr ab - + r." 7p, + hum
Mitomycin C + Chr ab -
Prednisone +- ry,
Procarbazine + - + m, r + r
Streptozotocin +
Thiotepa + Chr ab + m, r + m, r
Treosulfan Chr ab + hum
Uracil mustard + - +m,r + r
Vinblastine sulfate + sev sp
Vincristine sulfate + sev sp

*+: mutagenic to bacterial or mammalian cells in culture; -: not mutagenic to bacterial or mammalian cells in culture
t: Chr ab, increased incidence of chromosomal aberrations; SCE, increased incidence of sister-chromatid exchange
4: sufficient evidence; (+): limited evidence for carcinogenicity to mice (m), rats (r), or humans (hum) according to the International
Agency for Research on Cancer (IARC)

§+: terafogenic to mice (m); rats (r); rodents (rod); several animal species (sev sp); or humans (hum)
Reprintpd with permission from Edling C. Anesthetic gases. In: Brune DK, Edling C, eds. Occupational Hazards in the Health Professions.
Boca Raon, Fla: CRC Press, Inc; 1989: 133. VCRC Press, Inc, Boca Raton, Fla.

Thegenotoxicnatureofmanyoftheantineoplastics, ful workplace free of known hazards.5 ' Although
together with evidence of second malignancies in ad- OSHA specified little detail in the surveillance exami-
dition to the occupational populations studied, nationcontentrecommendedfordrughandlers, some
prompted OSHA to issue Tuidelines for handling guidance can be obtained in the literature.W
antineoplastic drugs in 1986. The guidelines recom- Antineoplasticagents should beprepared ina Class
mend the use of laminarairflow biological safety cabi- 11 biological safety cabinet (BSC) that conforms to the
nets in drug preparations as well as personal protective current National Sanitation Foundation Standard No.
equipment (PPE), worker education, standing operat- 49 (FigureS-2). A Class ll, Type A BSC is the minimum
ing procedures (SOPs) for handling, and medical sur- requirement for worker protection, but a Class IL, Type
veillance for workers. Although not federal standards BBSCispreferred.W' ClassI, TypesAand B BSCs have
(and therefore not carrying the forceof law), theseguide- vertical, laminarairflow. A horizontal-airflow cabinet
lines may be enforced under the OSHA General Duty must never be used for preparation of antineoplastic
clauserequiringemployerstoprovideasafeandhealth- agents: it blows air that has been filtered through a
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W TO EXHAUST BLOWER

EXHAUST FILTER
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Fg. 5-2. Class II Laminar Flow Biological Safety Cabinet (BSC). The laminar airflow through the high-efficiency particulate
air (HEPA) filterin the supply air provides sterileworkingconditions fordrug preparation. The BSC also protects the worker
by drawing air through the sash, thus preventing theantineoplasticagent from leaving thecabinet and entering the worker's
breathing zone. The air passes through a second HEPA filter before it is exhausted. Souroe: Noll S, Caidwell DJ. Guidelines
for the Handling, Administration, and Diposal of Cytotoxic Drugs. Aberdeen Proving Ground, Md: US Army Environmental
Hygiene Agency; 1987: 4. Technical Guide 149 (to be published as Technical Bulletin MED 515).

high-efficiencyparticulateairfilter(HEPA-filtered air) ardousbutwerenot, strictly speaking,antineoplastics,
over the work area to keep the drug sterile, but then prompted a committee of the American Society of
exhausts thefiltered airdirectly into thedrug preparer's Hospital Pharmacists (ASHP)todefineaclassofagents
breathing zone. as hazardous drugs.' This report specified concerns

Theblowerofeithervertical-airflowBSCs -, uldbe about antineoplastic and nonantineoplastic hazard-
turned on at all times (24 h/d, 7 d/wk). Venting ous drugs in use in most institutions throughout the
exhaust air to the outside is preferable where possible, country. Theantiviral agent zidovudine (AZT) should
and is required with a Class II, Type B BSC.M The be classified as a hazardous drug but is not thought of
exhaust air should be filtered, discharged at an appro- as antineoplastic. Recently, AZT was found to be
priate height (1.3-fold greater than the height of the carcinogenic in animals and thus is a potential human
building), and directed away from air-intake units. carcinogen. 3

Drugs should be prer'?red only when the movable Unfortunately, the ASHP committee did not iden-
sash is fixed at the required operating level to accom- tify the specific drugs that should be classified as
modate the drug-reconstitution procedure. hazardous, leaving the compilation of such a list to

More recently, awareness that other pharmaceuti- individual institutions. Thecommitteedid, however,
cals in the hospital setting were also potentially haz- describe the following characteristics of drugs that
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could be considered hazardous: turereviewof studies of workers who were exposed to
ethylene oxide indicates increased mutagenic activity

"* genotoxicity, in human cells, carcinogenesis, reproductive abnor-
"• carcinogenicity in animal models, the patient realities, and neurological defects.' In 1984, OSHA

population, or both, as reported by The inter- issued a new standard, 29 CFR 1910.1047, to protect
national Agency on Research in Cancer, workers exposed to ethylene oxide: the PEL was

"* teratogenicity or fertility impairment in ani- reduced to 1 ppni.' The standard was revised in 1988
mal studies or treated patients, and toincludea 15-minuteshort-termexposurelimit(STEL)

"* evidenceofseriousorgan orothertoxicityat low of 5 ppm.
doses in anima! models or treated patients. Exposures to ethylene oxide in a healthcare facility

usually occur when sterilizers and aerators are oper-
Guidelines for identifying potentially hazardous ated or during maintenance and handling of pre-

drugsin the hospital environmentand clarifying their aerated packages.' During these operations, skin
handling can be found in the literature.m  contact with ethylene oxide gas or liquid can cause

Handlingantineoplasticandotherhazardousdrugs skin irritation, but the primary route of exposure is
may expose healthcare workers to known carcino- inhalation (Figure 5-3). Because the odor threshold of
gens and reproductive toxicants. Implementing a ethylene oxide is 700 ppm and the mucous-membrane
comprehensive program of worker education, engi- irritation threshold is 200 ppm, odor and irritation do
neeringand administrative controls,and medical sur- not provide adequate warning to workers who may be
veillance will ensure the safest workplace possible, exposed to levels higher than the PEL of I ppm.3

one where these useful therapeutic agents may be Therefore, stringentcontrolproceduresareessentialto
used without risking the workers' health. meet the current standard (the federal law). Practices

should include the following:
Ethylene Oxide

* routine environmental monitoring and medi-
Ethylene oxide is used routinely in healthcare fa- cal surveillance,

cilities as a -aseous sterilant for heat- or moisture- * routineequipmentmaintenanceandleakchecks,
sensitive equipment and instruments. In its pure * effective sterilizer and aerator local exhaust
form, ethylene oxide is hig:.ly flammable. Therefore, ventilation, and
it is typically supplied in compressed-gas cylinders, * the use of ambient ethylene oxide concentra-
which contain 88% Freon and 12% ethylene oxide, or tion alarms, general ventilation, and workpro-
in single-use cartridges )f 100% ethylene oxide.3  cedures designed to reduce exposure. "

In 1977, NIOSH recognized ethylene oxide as a
hazard in healthcare facilities, and since then, atten- Formaldehyde
tion has been focused ern the hazard and its effects."'
The acute toxic effects of exposure to ethylene oxide Formaldehyde is a common and hazardous chemi-
include respiratory and eye irritation, skin sensitiza- cal that is often controlled poorly in healthcare facili-
lion, vomiting, and diarrhea; the chronic effects in- ties.4 The most extensive exposures occur while it is
clude secondary respiratory infection, anemia, and used in autopsy rooms and pathology laboratories as
neurotoxicity. In 1981, NIOSH published evidence of a tissue pre-servative'47; in hemodialysis units as a
ethylene oxide's animal carcinogenicity and the rec- disinfectantit`; and in central material supply as a
ommended exposure limit was reduced from 50 to I cold sterilant for various instruments.2 (Although
ppm.TM The report also noted adverse reproductive embalming facilities are not specifically addressed in
effects in mammals and possible chromosomial aber- this chapter, many hazards to healthcare workers are
rations in workers. aLc- hazards to embalmers, formaldehyde being an

Since 1981,NIOSH hascompleted a cy!ogenicstudy excellent example.)
that shows an increase in sister-chromatid exchanges As with other hazardous chemicals, the effects of
(ameasureofpointmutation)andchromosomalaber- exposure to formaldehyde depend on the duration
rations in monkeys that were exposed to ethylene and extent of theexposure. Low levels of exposure (<
oxide. Another NIOSH study performed during this I ppm) may cause direct irritation of the skin, eyes,
period demons'.rated statistically significant associa- nose, tnroat, and lungs."'' Higher concentrations (10-
tionsbetween ethyleneoxiuieexposureand increased 2G ppm) may cause coughing, chest tightness, in-
incidence of neoplasms in rats.' In addition, a litera- creased heart rate, and a sensation of pressure in the
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Fig. 5-3. Typical ethylene oxide sterilization equipment includes the ethylene oxide sterilizer, an aerator used to dissipate
residual ethylene oxide after materials are sterilized, the ethylene oxide cylinder storage cabinet, and a local exhaust
ventilation system to capture and remove e&.hylene oxide at the pointsof emission- To protect the health of hospital workers,
the extent of ethyl'.ene oxide exposure must be characterized. Ethylene oxide con.centrations in ambient air can be measured
by a variety of sampling methods, and once the extent of exposure is known, engineering or administrative controls can be
implemented to reduce the workers' exposure. A properly designed ventilation system can significantly reduce worker
exposure to ethylene oxide. Sources: (1) Ca!dwell DJ. Evaluation of an add-on local exhaust ventilation system for an
ethylene oxide (ETO) sterilizer. Appl nd Hyg. 1989;4-.88-91. (2) National Institute for Occupational Safety and Health.
Ethylene Oxide Sterilizers in Health Care Facilities, Engineering Controls and Work Prtices. Cincinnati, 0L NIOSH; 19f9 4.
Current Intelligence Bulletin 52.

head. Concentrations of 50 to 100 ppm are associated pected to induce rnalnancies and (b) formaldehyde
with pulmonary edema and death, could be expected to react at the surface of the respira-

Repeated exposure to formaldehyde vapors causes tory tract!' Several studies with animals have demon-
some healthcare workers to become sensitized. This strated experimentally that formaldehyde is both a
may occur days, weeks, or months after the first expo- mutagen and a carcinogen In addition, inconclusive
sure. Immunogenic responses include eye irritatio-A, human epidemiological studies have associated form-
upper respiratory irritation, oran asthmatic rcaction at aldehyde exposure with cancers of the lung, nasophar-
levels of exposure too low to cause symptoms in most ynx, oropharynx, and nasal passages. This inevitably
people. Reactions can be quite severe with swelling, raises concern about chroric low-level exposures of
itching, wheezing, and dcest tightness.& humanst' 5s 3

Direct contact with formaldehyde solutions can Standards and controls have been established to
cause severe eye injury and corneal damage and der- limit exposure to formaldehyde. NIOSH first pro-
matolcgical signs- Primany irritatikm has been elicited posed a recommended standard for formaldehyde in
when human skin has conte solutions as dilute as 1976 and published evidence of carcinogenicty in
4%. Dermatitis (including red, sore, cracking, and 198I.'x OSHA currently regulates formaldehyde.
blistered skin) is a common complaint, continuous the PEL for an &hour TWA is 1.0 ppm; the 15-minute
contact may make fingernails soft and brown."' STEL is 2.0 ppm; and theaction evd (the level at which

As a reactive alkylating agent, formaldehyde is a workers must beenrolled in medical surveibince pro-
biologicall) plausible potential human carcinogen be- grams) is 0.5 ppm. Occupational exposures r. - me-
cause (a) other similar compounds are known or sus- duced by
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* substituting safe products, TABLE 5-4
*using laboratory hoods,HELHFECSOEX SUET

*'wearing appropriate PPE, MEALHRCURYO EPSUET
*'instituting good work practices,MECR
* installing and maintaining general ventilation, Categories Health Effects

and______________________
* training healthcare workers about the relevant SotTr xoue eeersiaoyirtto

hazadsYAI ~to High Levels Chemical pneumonitis
MercuryDigestive disturbances
MercuryMarked renal damage

MAercury is used in many types of hospital eqip Ch~mrniLo-eve Trm
ment (manometers, thermometers, Coulter counters, Speech~e d istrac
Van Slyke apparatus, Miller-Abbot and Cantor tubes, Psyechi adismtirbal c age
and sphygmomanometers) and in tissue fixatives andi Pscic iandy eomoatioenachness
dental amalgams. and fatigue)

Exposures to mercury in healthcare settings usually Asoiae Sip Inflammation of the gums
result from accidental spills-, but they can also occur xieslvto
during routine work pr.-ctices . Additionally, droplets Anorexi
can become trapped in carpets and cracks in floors or Weight loss
counters. These droplets, which vaporize readily at Sensitization dermatitis
room temperature, are not removed easily during
routine cleaning and produce continuous exposure- Souixes: (1) US Departmentof Healthand Humnan Services.Guide-
Central material supply ind maintenance personnel lines fcr Proitecing the Safety and Health of Health Care Workers.
are exposed when biomedical equipment breaks or is Washington, DC: DHHS (NJOSl-); 1988. Publication 88-119. (2)
repaired.'3 Technicians in histology laboratories are Patterson W4B, Craven 0E, Schwartz DA, Nardell EA, Kasiner J,

subjcte tomercriccomound duingroutne ro- Nobel 1. Occupational hazards to hospital personnel. Ann Intern
subjctedtomecurccomounddurngrotinero- Med. 1985;I(Mth5&-W8. (3) National Institute for Occupational

cedures." However, the greatest potential formercury Safety and Health. Criteria for a Recommended Standard: Occu pa-
exposure is found in dental clinics. Mercury-contami- tional Ewpos ure !o Inorganic Mercury. Cincinnati, Oh: DHEWV
nated dust in dental laboratories is generated when (NIOS-H); 19-73. Publication 73-1009.

mercury amalgam is cut, ground, and polished. In
addition, vapors arise from mechanical amnalgamators
and ultrasonic amalgam condensers; when arnialgam methylrnethacrylate monomer with polymethyl-
is mulled in the hand, or when excess mercury iss methacrylate powder immediately before using in
squeezed from freshly mixed amalgam; when old orthopedicand other procedures."9 Workers in health-
fillings are removed; when amalgam-contaminated care facilities are subjected to exposures through inha-
instruments are hot-air sterilized, and when mercury lation of vapors, skin contact, or both. Those at risk
and amnalgam scraps are stored.' include technicians who make and mend acrylic den-

The adverse health effects associated with the absorp- tures and hearing aids, orthopedic surgical personnel
fion of mercury vapor through the lungs and skin who use the cement for fixation of metallic and plastic
prompted the establishment of occupational exposure prostheses, and pathology personnel who work in
standards and controls (Table 54). INlOSH recommend- areas where rnet~hlymethacrylate is used for imbed-
ed, and OSHA promulgated, a PEL of 0.05 nig/mý!Y* ding histological preparations.'
Toxic mercury exposures can be minimized by installing Myriaa health effects have been associated with
impervious flooring and counters, institutinggood wcrrk exposure to methylmethacrylate. It isan eyeskin, and
practices, effective handlingof spills,goodstorageproce- mucous-membrane irritant and is known to cause
dures, appropriate I'PE, periodic air monitoring, good contact derrmatitis and occupational asthma.3' Surgi-
ventilation, and employee education."c cal patients exposed to this compound have suffered

acute episodes of hypotension and cardiac arrest" In
Methylmethacnjlate a 1976 study, NIOSH reported adverse health effects

such ascutanetnus, venitourinary, and respiratorycom-
Methylmethacrylate is an acrylic cementlike sub- plaints in workers exposed to methylmethacrylate in

stance derived fromt mixing a liquid containing concentrations lower than 50 ppmY' S-%dies with
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animals have shown that methylmethacrylate is ter- * eliminating contact, airborne, or fomite trans-
atogenic9 and mutagenic with the potential for card- mission routes through personal hygiene (es-
nogenicity.? There havealso been multiple findings of pecialyhandwashing); judicioususeof gloves,
liver damage in rats exposed to various levels of masks, and gowns; isolation techniques; and
methylmethacrylate.' p ventilation; arnd

TheOSHAPELformethvlmethacrylateislOOppm.' * reducing worker susceptibility with immuni-
Exposure can be reduced by using portable or perma- zation, medical surveillance, physical exams,
nent local exhaust units when mixing the components; and effective hazard training programs.
wearing appropriate PPE for the eyes, hands and
body; practicing careful personal hygiene;and provid- Many agents--including tuberculosis, varicella,and
ing hazard-recognition training.' rubella-pose significant threats and deserve atten-

tion. However, the current interest of the medical
Biological Hazards community is strongly oriented toward exposure to

blood-borne pathogens, especially the hepatitis B vi-
The germ theory of disease made acceptable the fact rus (HBV), the hepatitis C virus (HCV), and the human

that disease is spread by ill persons and fomites (con- immunodeficiency virus (HIV). In December 1991,
taminated objects). The germ. theory also allowed for OSHA promulgated the final rule for occupational
the recognition that patient care could, therefore, pose exposure to blood-borne pathogens.2O This perfor-
risks to healthcare facility workers. Medical history is mance-oriented law states the required standards;
replete with anecdotal eports of medical personnel however, it permits the employer to develop and
who have succumbed to infectious diseases that were implement individual programs that are protective
contracted during their work with patients or speci- and cost effective. The standard requires that the
mens from patients. " Recent attention has focused employer (a) produce a written exposure control plan,
on the contribution of infectious diseases to the over- (b) identify those employees at risk for occupational
all burden of work-related illnesses found among exposure to blood and other infectious material, (c)
healthcare workers. Exposures to bacterial, viral, provideappropriatePPEand enforce wearing compli-
fungal, and para-,itic organisms pose a constant threat ance, and (d) provide hazard training for the employ-
to healthcare t,,ility workers in essentially every ees. Housekeeping requirements and decontamina-
work area. The healthcare professionals at greatest tion procedures, including a written schedule for
risk for exposure are medical practitioners," s5" dental cleaning and discarding sharps and regulated wastes,
practitioners,ý' and laboratory workers." In addi- arealsoaddressedinthestandard. Limitingaworker's
tion, housekeeping, laundry, maintenance, and exposuretoblood-bornediseases isachieved byimple-
supply personnel within the healthcare environment menting the following categories of controls:
also incur some degree of risk from contact with
patient waste, soiled laundry, or contaminated * engineering;
equipment. * immunization programs;

Within the healthcaresetting, general infection con- * work practices, such as procedures for han-
trol procedures have been developed to minimize the dling sharps;
riskofnosocomial infection."'"' Such proceduresare * disposal and handling of contaminated waste;
designed to prevent transmission of microbiological - use of PPE such as gloves and gowns;
agents and to provide a margin of safety in the varied - use of mouth pieces, resuscitation bags, and
situations encountered in the healthcare environment. other ventilation devices;
The modes of transmission found in the healthcare * use of disinfectants;
setting are also observed in the working environments * labeling and signs; and
of paramedics, emergency medical technicians, and * training and education programs.
public-safety employees. Therefore, the precautions
developed for healthcare organizations are also appli- All healthcare facilities are required to comply with
cable to these settings. C-ood infection and biosafety Title 29, Code of Federal Regulations (CFR) 1910.1030.
control measures include the following: As an ,xample of the level of compliance that is re-

quired, an excerpt from Walter Reed Army Medical
eliminating infective organisms with systemic Center's Exposure Control Plan, adopted 4 May 1991, is
antimicrobial agents, disinfection, and steril- included at the end of this chapter.
ization; In 1982 and 1983, the Centers for Disease Control
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(CDC) issued precautions against acquired immuno- Physical Hazards
deficiency syndrome (AIDS) for healthcare facility
workers and allied professionals.'7-"'1 In 1985, the Noise
CDC developed thestrategyof un•vrsal bloodand body-
fluid precautions to address concerns regarding frans- Some workers in healthcare facilities encounter ex-
mission of HIV in the healthcare setingtg.' This con- posures exceeding the present OSHA standard ofan 8-
cept (now simply called the unitwersal precautions) hour TWA of 90 dBA.0 Most healthcare workers,
stresses that (a) all patients should be assumed to be however, are subjected principally to nuisance levels
infectious for HIV and other blood-borne pathogens that are annoying and may interfere with work."sz2
and (b) health-care workers should perform their du- Noise can become a problem in food-service areas,
ties with prescribed work practices. Universal precau- laboratories (hospital and dental), maintenance and
tions apply in the healthcare environment when work- engineering areas, brace shops, incinerators, orthope-
ers are exposed to blood and certain other body fluids diccast rooms (from cast cutting),administrativeareas
(including amniotic, pericardial, peritoneal, pleural, (from printing and reproduction), and dental
synovial, and cerebrospinal fluids, and semen and operatories (from high-speed hand pieces). Technical
vaginal secretions), or any body fluid visibly contami- and physiological aspects of noise and noise control
nated with blood, are addressed comprehensively in Chapter 7, Noise

Some body fluids are exempted from these univer- and the Impairment of Hearing.
sal precautions because the transmission of HBV and
HIV via exposure it them has not been documented. Radiation
For example, universal precautions do not apply to
saliva when it is not visibly contaminated, or is un- Sources of ionizing and nonionizing radiation are
likely to be contaminated, with blood. In the dental present in many areas of fixed medical, dental, and
setting, however, where saliva is likely to be contami- veterinary facilities. Most radiation sources are used
nated.universalprecautionsdoapply. Whendifferen- for diagnostic and therapeutic purposes; other uses
tiation between body-fluid types is difficult or impos- include food preparation with microwave ovens and
sible, the CDC recommends ihai medical professionals germicidal treatmentof room airwith ultraviolet light.
should treat all body fluids as potentially hazardous. Additionally, diagnosticX-rayequipmentcanbefound
Other body fluids to which universal precautions do in field medical units. The health threats posed by
not ordinarily apply include feces, nasal secretions, these sources and appropriate control measures are
sputum, sweat, tears, urine, and vomitus."Y discussed in Chapter 15, Nonionizing Radiation and

The CDC usually presents information concerning Chapter 16, Ionizing Radiation.
HBV and HW together for several reasons:

Musculoskeletal Strain
"* the modes of transmission for HBV are similar

to those of HIV; Among the most common problems encountered
"0 the potential for HBV transmission in theoccu- by healthcare facility workers are back pain and mus-

pational setting is greater than that for HIV; culoskeletal injury; these are the primary reasons for
" a larger body of experience has accumulated job-related losttimeamongtheseworkers. "23 ' Most

relating to controlling transmission of HBV in of these problems are associated with workers" at-
the work place; and tempting to lift or transfer patients. Those workers

"• because HIV is fragile in the environment, who are physically unfit, unaccustomed to the task
general practices to prevent the transmission being performed, suffering from postural stress, or
of HBV will also minimize the risk of HIV doing work that approaches or exceeds the limits of
transmission.'t 0  their strength are at greatest risk. Other contributing

factors include understaffing, lack of regular training
Precautionary measures to prevent the spread of programs regarding the proper procedures for lifting

both HIV and HBV are found in various publications, and otherworkmotionsand inadequategeneral safety
which addressgeneral universal precautions, invasive precautions."W The healthcare personnel associated
procedures, autopsies, dialysis, blood or body-fluid with a high risk for sustaining back problems include
spills, waste, emergency medical treatment, dentistry, surgeons, nurses, nurses aides, emergency medical
laboratories, housekeeping, and laundry.'M0"1'1 technicians, dentists, dental assistants, physical and
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occupational therapists and aides, radiology techni- Psychosocial Hazards
cians, housekeeping and laundry workers, food ser-
vice employees, maintenance and supply personnel, Workers in healthcare facilities face a variety of
and, to a lesser extent, laboratory technicians and highly stressful work-related conditions in meeting
clerical staff. " "'%Z the physical and psyc.ological needs of patients (Ex-

Primary and secondary approaches to preventing hibit 5-4). Supervisors and workers must be able to
back pain and injury are the foundation of any back- identifythe.anymanifestationso~fpsychologicalstress
injury-prevention program. In general, the primary and beknowledgeableaboutstress-managementtech-
approach to prevention involves reducing manual niques. Additionally, shift work, a major cause of
lifting and other load-handling tasks that are biome- stress, must be implemented properly.
chanically stressful. The secondary approach relies on
teaching workers how to perform stressful tasks while Emotional Stress
minimizing the biomechanical forces on their backs.
The secondary approach also emphasizes maintaining Healthcare workers who are most subject to severe
flexibility and strengthening the back and abdominal emotional stress while working include those in
muscles. In addition to these approaches, several oncology units, burn units, emergency rooms, operat-
important techniques to prevent back injuries among ing rooms, and intensive care units. Although most
hospital staff can be employed (Exhibit 5-3). Written studies address the stress factors found among physi-
guides and programs for preventing back pain and cians and nurses, some have also identified labora-
injury are available for all workers and specifically for tory and food-service work as high-stress occupa-
healthcare personneL'.'" tions.12'93

EXHIBIT 5-3

TECHNIQUES TO PREVENT BACK PAIN AND INJURY TO HEALTHCARE WORKERS

Use mechanical devices for lifting patients and other heavy objects
Use wheels and other devices for transporting heavy, nonportable equipment
Provide adequate staffing to prevent workers from lifting heavy patients or equipment alone
Closely supervise newly trained workers to assure that proper lifting techniques have been learned
Use the preplacement evaluation of workers to identify those with existing back disorders and to tailor their job

tasks to prevent additional injury
Educate and train both new and experienced staff on the proper measures for avoiding back pain, including.

proper lifting techniques to prevent initial back. pain (once bzck pain occurs, there is a higher probability for
reoccurrence) and requesting help for tasks that may strain the back

Use proper; 3tient-transfer techniques:
"* Communicate the plan of action to the patient and other workers to ensure that the transfer will be smooth

and without sudden, unexpected moves
"* Position the equipment and furniture effectively (eg, move a wheelchair next to the bed) and remove obstacles
"• Ensure good footing for the staff and patients (patients should wear slippers that provide good traction)
"* Maintain eye contact and communication with the patient; be alert for trouble signs
"* Request that a coworker stand by before attempting the transfer, if help is needed
"• Record any problems on the patient's chart so that other shifts will know how to cope with difficult transfers;

note the need for any special equipment, such as a lift
Post, remove, or repair accident hazards such as wet floors, stairway obstructions, and faulty ladders on step

stools

Source- US Department of Health and Human Services. Guidelines for Protecting the Safety and Health of Health Care Workh.
Washington. DC: DHHS; 1988. NIOSH Publication 88-119.
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also manifests as even more serious conditions: sub-
EXHIBIT 54 stance abuse, mental illness, suicide, and providing

COMMON STRESS-ASSOCIATED FACTORS inadequate patient care (eg, careless examinations,
AMONG HEALThCARE WORKERS poor treatment, abuse of patients, and gross socio-

I I pathic behavior).3"4•6

Lack of essential support services and inadequate Methods of coping with stress have concerned edu-
resources cators, managers, and workers formany years (Exhibit

Strenuous work loads and prolonged work schedules 5-5). One study attempted to improve the work envi-
Rotating shift work ronment in a bum unit by providing feedback about
Sleep deprivation the work setting and helping the staff use that infor-
Working in unfamiliar areas mation to formulate and implement changes' 6 :

Understaffing * The staff were encouraged to think about the
DLz•crimination elements of their work setting in terms of those
Role conflict and ambiguity elements that were stressful and those that
Underutilization of talents and abilities were nonstressful.
Lack of control and participation in planning and * The staff began to focus on work-setting char-

decision making acteristics that are often overlooked, such as
Communication problems among aides, nurses, clarity of expectations.

physicians, and administrators * The staff attempted to effect change in only a
Lack of administrative rewards few areas at a time, rather than in many.
Keeping abreast of rapidly changing and increas-

ingly ."omplex technology Asa result, improvementsin moraleand thequality

Unrealistic self-expectaoions of patient care were apparent:

Guilt about negative feelings toward patients * Thestaff'sinvolvementintheirworkincreased

Participation in intense emergency situations as they began to work together to affect change.
Difficulty in dealing with deformity, terminal * Thestaffbegan to feel concern not only for their

illness, and death individual patients but also for all patients and
Constant contact with ill and depressed patients staff members.

Making rapid, complex, and critical decisions on
the basis of inadequate data Shift Work

Constant interruptions that impair concentration

Exposure to toxic substances and physical hazards A majorcauseofstress in healthcare facilitiesisshift

Exposure to infectious patients work, especiallyrotatingworkschedules. Shift-work-

Ergonomic factors related stress results from three general problems: (1)
disruption of the circa dian rhythm (sleep-awakecycle),
(2) disruption of social and family life, and (3) sleep
deprivation. These factors may interact to produce
deleterious effects on the general psychological and

The manifestation of stress, which may ultimately physical well-being of the shift worker. While there is
iead toiburnout (physical oremotional exhaustion from insufficient evidence to demonstrate conclusively that
long-term stress), differs greatly among healthcare shift workcausesa specific illness, shift workers (espe-
workers."3 " Stresscanmanifestasadaptivereactions cially those who rotate shifts) do have more health-
such as delayed gratification, compulsiveness, and related complaints such as digestive problems, chest
expressing the need for support. If continued for pain, wheezing, nervousness, colds, and fatigue.'3'

many years, some of these manifestations may lead to As a rule, workers on rotating shifts dislike those
obvious physiological and psychological problems. aspects of their work schedules that violate circadian
Stress has also been associated with loss of appetite, physiology. Worker satisfaction, subjective health
ulcers, migraine headaches, fatigue, nausea, diarrhea, estimates, personnel turnover, and productivity all
sleep disorders, oversleeping, increased smoking, dis- seem to improve when schedules are designed to in-
ruption of social and family life, disorientation, disor- corporate circadian principles.'- Despite variations in
ganization, apathy, indecisiveness, reluctance to ac- current practice, mostresearchersadvocateeithera slow
cept responsibility, and emotional instability. Stress rotation of three or more weeks to permit circadian
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EXHIBIT 5-5

METHODS FOR MANAGING STRESS

Institute educational sessions to improve skills and confidence

Institute stress-management and employee-assistance programs
Learn to identify the signs and sources of stress
Engage in activities to facilitate disengagement from work (such as hobbies)

Learn to reserve time and energy for oneself without feeling guilty
Emphasize the fun and reward of healthcare and intellectual achievement
Foster employee ability to recognize and respect each one's own limits
Provide readily available counseling from a nonjudgmental source
Providegroupsupportsystems,usinga skidled neutral facilitator, forstaffwithparticularlydff tpofessional problems
Facilitate effective teamwork and trust
Promote high-quality commurdcation

Hold regular staff meetings and discussions to communicate feelings, gain support, and share innovative ideas
Encourage supervisory flexibility and innovation to create alternative job arrangements
Recognize and act on legitimate complaints regarding overbearing supervisors
Schedule rotation of assignments to allow adequate time for employee planning
Optimize shift-work schedules
Provide reasonable schedules for house staff to allow adequate time for sleep

Encourage organized and efficient work functions and environment
Provide adequate staff and resources

adaptation, ora rapid rotation of one to thtee consecu- ruption."" Shift changes should always be progres-
tive nights followed by rest to prevent circadian dis- sively later in rotation (ie, day to evening to night),m

STRATEGIES FOR HAZARD ABATEMENT

The initial step in eliminating or reducing hazards 9 appropriate PPE,
to human health in any healthcare setting is to develop * educational training for recognizing and avoid-
a hazard inventory, which is usually the responsibility ing hazards,
of the safety officer. This requires that the worksite * safe work techniques or practices, and
hazards be observed, identified, and then compiled * written safety or health procedures and pro-
into an inventory. Support for thds effort can be pro- gramns that contain enforcement provisions.
vided by the environmental science officer, industrial
hygienist, occupational medicine physician, occupa- Knowledge is the key to the prevention of hazard-
tional health nurse, preventive medicine officer, and ous exposures. To ensure that employees are knowl-
preventive medicine and industrial hygiene techni- edgeableaboutthehazardspresentandtheproperuse
cians. Hazard identification is only the first step; it is of safety equipment, personnel must be trained re-
followed by the more difficult tasks of evaluation and garding
control. Evaluation encompasses environmental sam-
pling, surveillance, or both; detailed work-practice * the proper use of PPE;
investigations;andmedicalsurveillance. Hazardcon- * the pot(mtial hazards associated with toxic
trol comprises the following: chemicals, equipment, and operations;

* safe work practices; and
"* diverse engineering interventions, * proper emergency procedures and abatement
"* proper ventilation, requirements.
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THE MILITARILY UNIQUE ENVIRONMENT

US. Army healthcare operations in the field may be army medical center or other fixed medical facility
conducted using Table of Organization and Equip- could be directly applied toa field facility, particularly
ment (TOE) facilities (such as tents) and standard TOE one that is engaged in receiving combat wounded. In
material, supplies,and equipment. Additionally, field the field, preventive medicine personnel must identify
medical operations are sometimes carried out in exist- the hazards and threats and place them in perspective
ing facilities (such as buildings located in the training relative to the mission and task at hand.
area or area of operations) using material, supplies, The emphasis on hazard identification and control
and equipment found in the fixed facility, listed in the in an MTF may be dictated by the command surgeon,
TOE, orinanycombination.Thelackofanestablished, theater policy, or both." Additionally, the nature of
familiar fixed facility; the use of unfamiliar medical the diseases and injuries that occur may influence the
items; the absence of water, waste disposal, and other emphasis placed on certain hazards. For example, if
similar services in the field; and the physical and large numbers of patients present with entericdisease,
psychologicai stresses of training-oractual or threat- then strict adherence to enteric-disease precautions
ened hostilities-can all greatly increase the potential would be warranted to ensure that spread of the dis-
that personnel in field healthcare facilities will face ease-causing agent (patient-to-staff or patient-to-pa-
hazardous exposures and overexposures. Therefore, tient) would be minimized.
preventive medicine personnel assigned todivision or Depending on the type of unit and the nature of
corps preventive medicine sections or teams must be operations, the categories of hazards that are present
able to make (a) quick, thorough evaluations of the in a field MTF will usually be similar to or the same as
actual and potential health threats in field MTFs and those found in a fixed facility. However, the harshness
(b) appropriate recommendations to reduce or elimi- of the environment, disruption of the body's natural
nate the potential health threats. (There are no identi- defenses through fatigueand other factors, and break-
fled occupational medicine physician, occupational downs in basic sanitation all require that considerable
health nurse, or industrial hygie-nist positions in TOE emphasis be placed on variables that are often taken
units. All U S. Army preventivt .-iedicine physicians, for granted in fixed facilities, such as the availability of
environmental science officers, sanitary engineers, waterand basicsanitary facilities."')-'4 , Concernsabout
and enlisted preventive medicine technicians receive potable water, handwashing sources, and basic field
traininginoccupationalhealthandoccupationalmedi- sanitation may demand greater attention than envi-
cine functions for TOE units.) ronmental and occupational hazards such as ethylene

All actions taken to evaluate actual and potential oxide.
hazards in a field MTF must be geared to the tactical The first step in hazard abatement in a field MTF is
situation. Circumstances may not allow the level and to identify the hazards that are potential sources of
sophistication of hazard identification and evaluation danger. Identification of hazards in a field medical
normally found in a fixed medical facility. For exam- environment is a responsibility delegated by the
pie, state-of-the-art monitoring equipment and tech- commander to the staff. Exec-tion of this task varies
niques may not be available, or may be impractical, from unit to unit but usually requires someone with
and thetimeavailable forobservingprocedureswithin both access to al! areas of the field medical unit and
the facility may be limited. Additionally, each evalu- direct access to the commander for decision making.
ation must beconducted with a clear understanding of Preventive medicine personnel supporting field medi-
the mission and priorities of the field facility and the Lal units should seekout the responsible staff member
meansavailabletoeliminateorcontrolhaz.ards.There- and work with him or her to evaluate and assess the
fore, preventive medicine personnelwhoconducteval- hazards.
uations of field MTFs must be knowledgeable about Appropriate and meaningful evaluations of field
field operations, able to quickly make qualitative as- MTFscan prevent morbidityand mortalityand preserve
sessments about hazards and their associated risks, valuable human resources. Evaluations performed by
and capableof clearlyand conciselycommunicating to preventive medicine personnel who are not knowl-
commanders (or their representatives) the significant edgeable or experienced in this area can waste the
hazards that requireattention. Botha thorough baseof valuable time of healthcare providers and create con-
knowledge about the hazards in medical f,:cilities and fusion by issuing inappropriate recommendations."2
common sense are absolute requirements. It isunreal- When conductir.ga surveyspecificaspectsof the field
istic to assume that an evaluation protocol used at an sanitation program should be reviewed, including:
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"* the water supply (water containers and trail- Simply talking with the personnel working in the
ers), to ensure that it is being monitored for field MTF can be extremely helpful. For example,
potability, and that disinfection of the unit's these conversations may reveal valuable information
water supply is being properly supervised; about common health problems among the staff (eg,

"* theunit'sfoodoperations, toconfirmthatbasic dermatitis or diarrhea); hazards that are not easily
food sanitation guidance is followed; identified by short periods of observation (eg, real-

* unit waste-disposal operations, to ensure that functioning switches on X-ray equipment); or supply
acceptable policies areestablished and followed shortages forcritical items (eg, gloves ordisinfectants).
(in a field MTF, this element must include After identifying the potential hazards, each must
medical and chemical waste, in addition to be analyzed to determinhe the probability that it will
wastewater and solid waste. The volume of cause disease or injury, and the severity of the conse-
solid waste and wastewater can be significant quences should such a problem occur. Once the risks
due to laundry, showers, bedpan washing, have been determined, the risk analysis must be
handwashing facilities for infection-control presented to the decision maker (usually the corn-
purposes, waste from X-ray units, and the use mander), so that the risk is weighted against the ben-
of disposable supplies); efits of performing a mission or task. it is the respon-

"* arthropod- and other animal-control measures, sibility of the preventive medicine officer (who is
toensurethat theyareappropriateandadequate; a physician) or his or her representative to communi-

"* safety and health training programs, to evalu- cate to the decision maker (briefly and specifically)
ate their relevance to hazards found in the field both the identified risk and appropriate recommenda-
medical environment; tions on ways to reduce or eliminate the hazard."4' The

" waste anesthetic gases, laboratory chemicals, controls may be as substantial as substituting a less-
and radiation, to ensure that the potential haz- toxic chemical and providing PPE or engineering con-
ards are recognized and controlled; and trols. Or they may be as simple as implementing

"• autoclave operations, to cnsure that steriliza- administrative controls such as writing an SOP, brief-
tion procedures are adequate, and that explo- ing personnel, and supervising adherence to the new
sive and burn hazards are controlled. procedures.

SUMMARY

Healthcare facilities are highly complex workenvi- ties, many of the concepts presented also apply, in
ronments with many varied occupational hazards. general, to field MTFs. Differences lie in the facts that
Employeesaresubjectedtoasurprisingarrayofchemi- (a) requirements for mobility may reduce the numbers
cal, biological, physical, and psychosocial agents. The of hazards, and (b) austere field conditions can lead to
facility or unit commander, staff, supervisors, and increased severity of exposures. Whether in a fixed or
workers themselves all have a responsibility to protect field healthcare facility, however, the effort to protect
workers' health. Awareness of the hazards that are a worker's health reaps benefits beyond that afforded
most likely to be encountered in the healthcare envi- the individual. An ill or impaired healthcare worker
ronment will, in most instances, enable the hazards to can (directly or indirectly) adversely affect the morale
be identified and will generate the actions necessary to and health of coworkers, patients, or both. Although
minimize, prevent, or eliminate the danger. such adverse effects are undesirable in any setting, in

Although this chapter primarily addresses the haz- a field MTFsupporting a combat operation, the impact
ards associated with fixed ga-rison healthcare facili- could be catastrophic.
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EXCERPT FROM WALTER REED ARMY MEDICAL CENTER'S EXPOSURE CONTROL PLAN

The following excerpt is from the Exposure Control Plan that was adopted at Walter Reed Army Medical Center
on 4 May 1991. Students may find this helpful because it illustrates the level of compliance "equired by Title 29,
Code of Federal Regulations (CFR) 1910.1030. The appendices mentioned, which are part of the original
documrnt, are not included in this excerpt.

10. METHODS OF COMPLIANCE.

a. Universal Precautions.

Universal precautions were implemented at WRAMC [Walter Reed Army Medical Center] in 1987. Universal
precautions require all employees to treat blood, body fluids, and tissues of all patients as potentially infective witn HBV
[hepatitis B virus), HIV [human immunodeficiency virusl, and other bsood-bo:-ne pathogens. The precautions are intended
to prevent parenteral, mucous membrane, and skin exposure to blood and body fluids. Universal precautions are outlined
inSection4, Isolation Proceduresand Universal Precautionsof theInfectionControl Policyand ProcedureGuide (Appendix
B).

b. Engineering and Work Practice Controls.

(1). Engineering and work practice controls will be implemented as the primary means of eliminating or minimizing
employee exposure to blood and body fluids. WhIm occupational exposure remains after institution of engineering and
work practice controls, personal protective equipment (PPE) will be used.

(2). Engineeringcontrols are controls that either isolate theemployee from thehazard or remove the hazard from the
workplace. Examples include sharps disposal containers, bio-safety cabinet;, splash guards, and -teedleless IV systems.

(3). Work practice controls are those that reduce the likelihood of exposure by altering the manner in which a task
is performed. An example of a requLred work practice control is prohibiting recapping of needles with a two-handed
technique.

W4). All engineering and work practice controls in this section that are not currently in use will be implemented NLT

mno later than) 6 July 1992.

(5). Handwashing.

(a). Handwashing facilities will be readily accessible to employees. Approved alcohol based waterless hand
cleansers and paper towels must be used in all areas where sinks are not available. Handwashing technique is described
in Section 5.1, Handwamhing ard Use of Gloves, in the In:iection Control Policy and Procedure Guide (Appendiy C).

(b). Employees Aill wash their hands imrnedi;-zly or as soon as feasihle after removal of gloves or other
personal protective equipment.

(c). Employees using a waterle:s hand cleaner must wash hands with soap and running %ater as soon as
feasible.

,d). Employees will wash hands and any other skin with soap and water, or flurh mucous membranes with
water, immediatc4y or as soon -- feasible folo-,ing contact of such body areas with blood or other potentially infectious
materials.

(e). Hand cream application is permitted in a contamiwated area if the hands are thoroughly washed immedi-
ately Trior to application. Hand creams must be from small, individual, nonrefillable containers and not shared between
indiviJuals.
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(6). Prevention of Sharps Injuries.

(a). Contaminated needles and other contaminated sharps will not be bent, sheared, or broken.

(b). Contaminated needles will not be recapped or removed from syringes unless it can be demonstrated that
there is no feasible alternative or the action is required by specific medical procedure. The two exceptions where recapping
the needle is permitted are: Performing a blood gas and administering incremental doses of a medication such as an
anesthetic to the same patient. Removing the needle from a vacutainer sleeve is permitted. Recapping with the traditional
two-handed method is prohibited in these situations. Recapping will be performed with the one-hand scoop method (the
hand holding the sharp is used to scoop up the cap from a flat surface) or by using forceps to replace the cap. Removing the
needle from a vacutainer sleeve will be done using the special ,rea on the sharps container where the needle is inserted and
the vacutainer is used to unscrew the needle and the needle drops into the sharps container. NOTE: Other exceptions must
besubmitted to the Infection Control Committee for approval. Applications must include a justification for the need to recap
or remove a needle.

(c). Immediately, or as soon as feasible after use, contaminated needles or other sharps will be placed in
leakproof, puncture resistant sharps contair-,rswhich are iocaLd in patient roomsand in otherareasas close to wheresharps
are used as feasible. Sharps containers in patient rooms are in a wall cabinet. This cabinet and the disposable sharps liners
are to be labelled with a biohazard symbol JAW [in accordance with] the Labels and Signs section of this plan. Chemotherapy
sharps containers will be labelled JAW the Labels and Signs section of this plan. All other sharps containers will be red in
color.

(d). A red sharps container will be available in the laundry.

(e). Dis.n--,able sharps containers wili be removed and replaced with a new one when %Afull. They will be closed
off by secl_,.:zIy locking the closure mechanism, tagged with a bum label, and placed in the trash area for pick-up by
ho '.ckeeping. If a sharps container is found to be leaking, it must be placed in a larger sharps container that is labelled and
sealed. The OIC [officer in chargel in each work area is responsible for insuring that sharps containers are replaced when
"/4 full and are nol overfilled.

(M. Contaminated reusable sharps will be placed in containers until properly processed. The containers are
,iuncture-resistant, leakproof on the sides and bottom, and labelled with a biohazard label lAW the Labels and Signs section

of this plan. The containers need not be closable. Employees will not reach by hand into these containers. Employees will
not reach into a water-filled sink or pan to retrieve contaminated instruments. Instead a perforated tray can be used or the
instruments can be retrieved with forceps. A container for reusable sharps will also be available in the laundry.

(g). Reusable sharps containers will be cleaned with soap and water and then disinfected with a 1:10 solution
of bleach after each use.

(h). In psychiatric units where there are no in-room sharps containers, needle users have two options: Carry a

small sharps container to the room to immediately discard the sharp or use a self-sheathing needle-syringe unit.

(i. The Baxter needleless IV lintravenozsi system will be ý-.,- foraccessintolV lines. Stopcocks may alsobeused.

(7). Bio-safety cabinets and splash guards are used in laboratories to minimize splashing, spraying, splattering, and
generation o! droplets.

(8). Engineering controls will be examined and maintained or replaced on a regular schedule to insure their
effectiveness, that they have not been removed or broken, that ventilation systems are functioning properly, and that filters
are replaced frequently enough. The OC in each work area will establish a written inspection and routine maintenance
schedule for the engineering controls in that area.

(9). All specimens of blood, body fluids, and tissues will be hand!ed using Universal Precautions and will be
transported insealed plasticbags. Specimen containcrswill besecurelyclosed beforeplacinginthebag. Ifoutsidecontaminatior
of the bag or primary container occurs, the bag or primary container shall be placed within a second container which prevents
leakage during handling, processing, storage. transport, or shipping. If the specimen could puncture the primary container, the
primary container will be placed within a second container which is puncture resistant. Containers used for transportirig or
shipping specinens outside the facility will be labelled with a biohazard label lAW the Labels and Signs section of this plan.

156



Health Hazards to Heaithcare Wor.ers

(10). Equipment which maybecontaminated with blood orbody fluids will be examined prior toservicing orshipping
and will be decontaminated as necessary. If decontamination of the equipment is not possible (personnel do not have
training to take apart technologically advanced equipment or equipment design prohibits cleaning), a readily observable
label will be attached to the equipment stating which portion may be contaminated and this information will be conveyed
toall affected employees, the servicing representative, and/or the manufacturer, as appropriate, prior tolhandling, servicing,
or shipping so that appropriate precautions will be taken. See section on Labels and Signs for required label characteristics.
See section on Housekeeping for instructions on decontamination. Biomedical maintenance personnel will be instructed in
precautions to practice during decontamination of equipment.

(11). All procedures involving blood or other body fluids shall be performed in such a manner as to minimize
splashing, spraying, spattering, and generation of droplets of these substances.

(12). Mouth pipetting/suctioning of blood or other body fluids is prohibited.

(13). Eating, drinking, smoking, applying cosmetics or lipbalm,and handling contact lenses are prohibited in ali work
areas where there isa reasonable likelihood of occupational exposure. Eating or drinking are permitted only in designated
areas separate from contaminated areas. Employees must remove any contaminated clothing or protective barriers prior
to entering the clean area.

(14). Food and drink shall not be placed in refrigerators, freezers, shelves, cabinets, or on countertops or benchtops
where blood or other potentially infectious materials are present or where specimens have been placed.

(15). All employees will be trained by their supervisor in the use of any engineering control before they are required
to use it.

(:6). Employees who have exudative lesions or weeping dermatitis will not perform or assist in invasive procedures
or other direct patient care activities or handle equipment used for patient care.

(17). The Hospital Product Review Subcommittee will review the feasibility of testing engineering controls as new
ones enter the market.

c. Personal Protective Equipment (PPE).

(1l. Supervisors will insure that personal protective equipment in the appropriate sizes is readily available to
employees in each work area that requires it. Supervisors will insure that employees are trained in its use and use it as
required. PPE not currently in use must be implemented NLT 6 Jul 92.

(2). PPE is provided at no cost to the employee and includes, but is not limited to, gloves, gowns, laboratory coats,
face shields, masks, eye protection, and mouthpieces, resuscitation bags, pocket masks, or other ventilation devices.

(3). PPE is corsidered appropriate only if it does not permit blood or other potentially infectious materials to pass
through or reach theemployee's workclothesstreet clothes, undergarments, skin,eyes, mouth, or othermucous membranes
under normal conditions of use and for the duration of time which the PPE will be used.

(4). Supervisors will insure that employees use appropriate personal protectiveequipment unless the supervisor can
show that the employee temporarily and briefly declined to use PPE when, under rare and extraordinary circumstances, it
was the employee's professional judgment that in the specific instance its use would have prevented the delivery of health
care or public safety services or would have posed an increased hazard to the safety of the worker or a coworker. When an
employee makes this judgment, the supervisor will investigate and document the circumstances. The documentation will
be forwarded to the Safety Manager NLT the next duty day. The supervisor and the Safety Manager will determine whether
changes need to be instituted to prevent such occurrences in the future. A decision not to use protective barriers will not
be applied to a particular work area or a recurring task. Neither interference with ease of performance of a procedure nor
improper fit of equipment are acceptable reasons to not use PPE.

(5). Supervisors will insure that PPE in the appropriate sizes is readily accessible at the %, orksite or is issued to
employees. Hypoaliergenic gloves, glove liners, powderless gloves, or other similar alterna•tives will be readily accessible
to those employees who are allergic to gloves normally provided.
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(6). PPE will becleaned, laundered,ordisposed of by WRAMC at nocost topersonnel. Laboratorycoatsthatareused
as PPE will be laundered by the hospital and not taken home for laundering. Personal clothing contaminated by blood or
body fluids will be laundered by the hospital laundry at no cost to the employee. Superiisors will contact Linen Services
to make arrangements for laundering personal clothing when contaminated.

(7). Supervisors will insure repair or replacement of all reusable equipment as needed to maintain effectiveness.

(8). If PPE items are penetrated by blood or other potentially infectious materials, the item will be removed
immediately or as soon as is feasible.

(9). All PPE will be removed prior to leaving the work area. PPE will not be worn into designated break areas.

(10). Gloves.

(a). Latex gloves will be worn when it can be reasonably anticipated that the employee may have hand contact
with blood, other body fluids, mucous membranes, and non-intact skin; when performing vascular access procedures; and
when handling or touching contaminated items or surfaces.

(b). Examples of tasks where gloves will be worn are: Phlebotomy, performing finger or heel sticks; during
instrumental examination of the oropharynx, gastrointestinal tract, and genitourinary tract; during invasive procedures;
during all cleaning of body fluids and decontaminating procedures; handling and processing blood and body fluid and
tissue specimens; when examining abraded or non-intact skin or patients with a-tive bleeding; when emptying drains and
Foley catheter bags; and when rendering emergency medical assistance to individuals with traumatic injury.

(c). Single use disposable latex gloves shall be replaced as soon as practical when contaminated or as soon as
feasible if they are torn, punctured, or when their ability to function as a barrier is compromised.

(d). Gloves will be changed and hands washed between patients or during the care of a single patient when
moving from a contaminated toa clean body site or from onecontaminated site toanother contaminated site. Phlebotomists
working in the outpatient phlebotomy room may wear gloves with several patients until they become visibly contaminated.
This exception does not apply to phlebotomists drawing blood on inpatients or to any other personnel who draw blood.

(e). Hands will be washed as soon as possible after removal of gloves.

(f). Gloves should be discarded in the appropriate container.

(g). Disposable gloves such as surgical or examination gloves will not be washed or decontaminated for re-use.

(h). Sterile surgicalgloves should be used for procedures involving contact with normally sterile areas of the body.

(i). Latex examination gloves should beused for procedures involving contact with mucous membranes, unless
otherwise indicated, and for other patient care or diagnostic procedures that do not require the use of sterile gloves.

(j) Double gloving may be used for invasive surgical procedures where =rolonged contact with blood may be
expected.

(k). Used gloves will not be used to touch telephones, computers, keyboards, charts, elevator buttons, or ot'tbr
uncontaminated surfaces.

(1). Non-patient care services should use gloves appropriate to their type of work. Heavy duty utility gloves
may be preferable for housekeeping personnel. These gloves may be washed and disinfected for reuse if the integrity of the
glove is not compromised. If gloves are cracked. peeling, torn, or punctured, they are discaron*.

(11). Masks, Eye Protection, and Face Shields.

(a). !n general, whenever a mask is required, eye protection is required.
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(b). Masks in combination with eye protectiondevices,suchasgogglesorglasseswithsolid sideshieldsorchin-
length face shields shall be worn whenever splashes, spray, splatter, or droplets of blood or other body fluids may be
generated and eye, nose, or mouth contamination can be reasonably anticipated.

(c). Prescription glasses may be used as protective eyewearas long as they are equipped with solid side shields
that are permanently affixed or of the "add-on" type.

(d). Procedures requiring masks and eye protection include endotracheal intubation, bronchoscopy, GI
endoscopy, dental procedures that splatter, autopsy, and certain surgical and other invasive proced-ures.

(e). During microsurgery, when it is not reasonably anticipated that there would be any splattering, it would

not constitute a violation for the surgeon, while observing surgery through a microscope, not to wear other eye protection.

(f). Masks should be used once and discarded in the appropriate waste receptacle.

(g). Masks should not be worn around the neck or or. top of the head.

(h). Masks must cover both the nose and mouth with no gaping at the sides.

(i). Reusable goggles and face shields will be washed with an approved detergent and water and disinfected
with a 1:10 solution of bleach after each use.

(12). Gowns

(a). Gowns, aprons, laboratory coats, or clinic jackets must be worn where there is the potential for reasonably
anticipated soiling of clothing with blood or other potentially infectious materials.

(b). A cover garment is appropriate only if it does not permit blood or other body fluids to pass through to or
reach the employee's work clothes, street clothes, or undergarments.

(c). Gowns impervious to fluid will be worn for surgical procedures and autopsies.

(d). A long-sleeved cover will be worn when arms are likely to become contaminated.

(e). Scrubs are not considered PPEand will be covered by appropriategownsaprons, orlaboratory coats when
splashes to skin or clothing are anticipated.

(f). A gown which is frequently ripped or falls apart under normal use would not be considered appropriate PPE.

(g). A cloth gown ordisposablecover gown will not generally prevent gross liquid contamination from soaking
through to the skin, but they are adequate protection for common bedside patient care procedures in situations when gross
liquid/blood contamination is not likely.

(h). Examples of activities requiring gowns or aprons are: changing the bed of an incontinent patient, lifting or
movinga patient with draining wounds,diagnostic and therapeutic procedures that maycause splattering oraerosolization,
and autopsy.

(i). Gowns and aprons should be worn only once and then removed and placed in the appropriate receptacle.

These items will not be worn out of the work area.

(0. Cleth gowns and lab coats will be placed in the hospital laundry containers.

(k). Paper or plastic gowns/aprons will be discarded in the appropriate waste receptacle.

(13). Surgical caps or hoods and/orshoe covers orboots will be worn during surgical procedures, autopsies, or other
situations when gross contamination can be reasonably anticipated. Shoe covers must be removed prior to leaving the work
area to limit migration of contamination via shoes into other areas.
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(14). Seal-easy masks are available in each patient room and in other areas of the hospital for use during mouth-to-
mouth resuscitation to prevent direct contact between the employee and the patient. Ambu-.-ags are at each bedside in
critical care areas and on each crash cart at the hospital. The seal-easy masks are disposable and will be discarded after each
use. Ambu-bags that are reusable will be bagged and sent to CMS [centrl material supply] for high-level disinfection or
sterilization.

d. Housekeeping.

(1). Supervisors will insure that the work area is maintained in a clean and sanitary condition. The provisions of this
section not currently implemented will be in use NLT 6 Jul 92.

(2). All equipment and environmental and working surfaces will be properly cleaned and disinfected after contact
with blood or other potentially infectious materials and on a regular schedule with an appropriate disinfectant.

(3). Contaminated work surfaces will be decontaminated with an appropriate disinfectant after completion of
procedures; immediately or as soon as feasible when surfaces are overtly contaminated or after any spill of blood or other
body fluids; and at the end of the work shift if the surface may have become contaminated since the last cleaning. A phenolic
disinfectant approved by the Infection Control Committee and used according to the manufacturer's directions will be used
in the laboratory, the Operating Room, and Delivery Room. The Dialysis Unit uses bleach.

(4). Blood spills will be cleaned up with an approved detergentand waterand thearea disinfected witha 1:10solution
of household bleach or an approved phenolic disinfectant.

(5). Protective coverings such as plastic wrap, aluminum foil, or imperviously-backed absorbent paper may be used
to cover equipment and environmental surfaces. These shall be removed and replaced as soon as feasible when they become
overtly contaminated and between patients.

(6). All bins, pails, cans,and similar receptacles intended for reuse which havea potential forbecoming contaminated
with blood or other body fluids shall be inspected, cleaned with an approved detergent and water, and disinfected with a
phenolic disinfectant or a 1:10 solution of bleach immediately or as soon as possible after visible contamination. Routine
cleaning of these items will be done monthly.

(7). Reusable items contaminated with blood or other body fluids shall be washed with an approved detergent and
water- If an item is to be returned to the CMS, it will be placed into a plastic bag for transport (the bag must be labelled lAW
the Labels and Signs section of this plan). If the item remains in the area, it will be wiped down with a phenolic disinfectant
or a 1:10 solution of bleach.

(8). Broken glassware which may be contaminated will not be picked up directly with the hands. It will be cleaned
up using mechanical means, such as a brush and dust pan, tongs, or forceps.

(9). Routine Cleaning Schedule:

LOCATION FREQUENCY CLEANERS AND DISINFECTANTS USED
Patient Room Daily Approved quaternary ammonium disinfectant
Patient Bathroom Daily Approved quaternary ammonium disinfectant
Exam Room Daily Approved quaternary ammonium disinfectant
Procedure Room Between procedures Approved quaternary ammonium disinfectant
Operating Room Between cases Approved phenolic disinfectant
Delivery Room Between deliveries Approved phenolic disinfectant
Dialysis Between patients Approved detergent and 1:10 bleach solution
Laboratory When contaminated and/or daily Approved phenolic disinfectant

e. Regula.ed Medical Waste.

(I). Regulated medical waste (RMW), includingsharps, will bedisposed of IAW WRAMC Reg40-92and section 5.11,
Collection and Handling of Regulated Medical Waste, of the Infection Control Policy and Procedure Guide (Appendix D).
Saliva-soaked gauze and cotton rolls in dental clinics and items caked with dried blood and capable of releasing the blood
during normal handling procedures will be managed as RMW NLT 6 Jul 92.
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(2). When moving containers of contaminated sharps from the area of use. the containers will be closed immediately
prior to removal or replacement to prevent spillage or protrusion of contents during handling, storage, transport, or
shipping. If leakage is possible, the container will be placed in a secondary container that is closable, constructed to contain
all contents and prevent leakage during handling, storage, transport, orshipping and labelled or red in color IAW the Labels
and Signs section of this plan.

(3). Other regulated medical waste is placed in plastic bags that line cardboard boxes which are labelled JAW the
Labels and Signs section of this plan. When ¾ full, the bags are closed, the box is sealed, and labelled with a burn tag on
the side of the box. If outside contamination of the box occurs, the waste is placed in a second bag inside another labelled
box.

f. Laundry.

(1). All soiled linen will be handled using universal precautions. Personnel handling linen soiled with blood or other
body fluids will use appropriate PPE as described in the Personal Protective Equipment Section. These practices are
currently in place.

(2). Soiled linen will be collected ;n white or green laundry bags at the location where it was used. if linen is
excessively wet, place it in a clear or black plastiL. bag before putting it in the laundry bag.

(3). Soiled linen will not be sorted or rinsed in patient care areas.

11. HEPATITIS B VACCINATION, POST-EXPOSURE EVALUATION AND FOLLOW UP.

a. Vaccination Program.

To protect employees as much as possible from the possibility of Hepatitis B infection, WRAMC implemented a
vaccination program. This program is available, at no cost, to all employees who have occupational exposure toblood-borne
pathogens. The vaccination program consists of a series of three inoculations over a 6-month period. As part of their blood-
borne-pathogens training, our employees have received information regarding hepatitis vaccination, including its safety
and effectiveness. Occupational Medicine in conjunction with Allergy/Immunology is responsible for setting up and
operating our vaccination program. Vaccinations are performed under the supervision of a licensed physician or other
healthcare professional. To ensure that all employees are aware of our vaccination program, it is thoroughly discussed in
our blood-borne pathogens training. A record of the vaccination status of all employees will be maintained by the
Occupational Medicine Program. Any exposed civilian declining to be vaccinated will sign the following declination
statement (Appendix E). This statement will be maintained in the employee's medical record.

b. Post-exposure evaluation and follow up.

(1). Employees involved in an incident where exposure to blood-borne pathogens may have occurred will immedi-
ately report to the Emergency Room.

(2). Thesupervisor will immediately investigate the circumstances surrounding theexposure incident while making
sure that our employees receive medical consultation and treatment (if required) as expeditiously as possible.

(3). Treatment will be in accordance with the Emergency Room's Needle Stick Protocol (Appendix F).

(4). TheSafetyOffice will investigateevery exposureincident thatoccurs in ourfacility. This investigation is initiated
within 24 hours after the incident occurs and involves gathering the following information:

"* When the incident occurred. Date and time.
"• Where the incident occurred. Location within the facility.
"* What potentially infectious materials were involved in the incident. Type of material (blood, amniotic fluid, etc.).
"* Source of the material.
"* Under what circumstances the incident occurred. Type of work being performed.
"* How the incident was caused. Accident/Unusual circumstances (such as equipment malfunction, poweroutage, etc.).
"* Personal protective equipment being used at the time of the incident.
"* Employee decontamination/cleanup/notifications made.
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After this information is gathered it is evaluated. a written summary of the incident and its causes is prepared, and
recommendations are made for avoiding similar incidents in the future (Appendix G).

(5). In order to make sure that our employees receive the best and most timely treatment if an exposure to blood-
borne pathogens should occur, our facility has set up a comprehensive post-exposure evaluation and follow-up process
(Appendix H). We verify that all the steps in the process have been taken correctly. This process was implemented on or
before July 6, 1992, and is overseen by the Occupational Safety and Health Committee.

c. Information provided to the healthcare professional.

Civilian eml.loyees have the right to choose a civilian physician for treatment. WRAMC, however, has the right to
evaluate employees who are injured on the job. Therefore, person ?I who suspect they have been exposed to a blood-borne
pathogen are to report to the Emergency Room for evaluation. After the evaluation should the employee wish to be seen
by their private physician they may do so. To assist the civilian employee's personal healthcare professional, we forward
a number of documents to them, including the following (Appendix I):

(1). A copy of the Blood-borne Pathogens Standard.

(2). A description of the exposure incident.

(3). The exposed employee's relevant medical records.

(4). Other pertinent information.

d. Healthcare professionals written opinion.

Whether the employee is evaluated and treated within WRAMC or chooses to seek care in the private sector, the
following information will be obtained by the treating physician and provided to WRAMC's Occupational Medicine
Physician. After the consultation, the healthcare professional provides our facility with a written opinion evaluating the
exposed employee's situation. The Occupational Medicine Physician, in turn, will fuirnish a copy of this opinion to the
exposed employee. In keeping with this process' emphasis on confidentiality, the written opinion will contain only the
following information:

(1). Whether Hepatitis B Vaccination is indicated for the employee.

(2). Whether the employee has received the Hepatitis B Vaccination.

(3). Confirmation that the employee has been informed of the results of the evaluation.

(4). Confirmation that the employee has been told about any medical conditions resulting from the exposure
incident which require further evaluation or treatment.

(5). All other findings or diagnoses will remain confidential and will not be included in the written report. An
employee fact sheet will be provided to the employee describing the symptoms of HIV and HBV infection (Appendix J).

e. Medical recordkeeping.

To make sure that we have as much medical information available to the participating healthcare professional as possible,
our facility maintains comprehensive medical records on our employees. The Occupational Medicine Physician is
responsible for setting up and maintaining these records, which include the following information:

(1). Name of the employee.

(2). Social security number of the employee.

(3). A copy of the employee's Hepatitis B Vaccination status. Dates of any vaccinations.
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(4). Medical records relative to the employee's ability to receive vaccination.

(5). Copies of the results of the examinations, medical testing, and follow-up procedures which took place as a result
of an employee's exposure to blood-borne pathogens.

(6). A copy of the information provided to the consulting healthcare professional asa result of any exposure to blood-
borne pathogens.

(7). As with all information in these areas, we recognize that it is important to keep the information u. .hese medical
records confidential. We will not disclose or report thLi information to anyone without our employee's written consent
(except as required by law).

Source: Waxdahl, KA, LTC, AN, Chief, Infection Control Service; Phillips, KG, MAJ, MC, Chief, Occupational Medicine Program.
Exposure Control Plan. Washington, DC: Walter Reed Army Medical Center. 4 May 1991:16-31.
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INTRODUCTION

Although military duty is inherently hazardous, weapons systems during the early stages of develop-
soldiers in combat should not be placed at a disadvan- ment and acquisition. Specifically, the program objec-
tage or at unusual risk because their hardware is tives are to identify and evaluate the health hazards
deficient orinformation is lacking regarding the health caused by materiel to
hazards associated with their equipment.' Neither
should soldiers be exposed unnecessarily to health * preserve and protect the soldier from such
hazards during training, even though the training health hazards,
must be realistic to achieve a high degree of opera- e reducesoldierperformancedecrementanden-
tional readiness. Therefore, the Army Medical hance system effectiveness,
Department's (AMEDD's) mission-to conserve the * reduce the need forretrofittingsystemdesigns,
fighting strength-must include reducing the risks to * enhance readiness by reducing health hazards
soldiers' health that are posed by their own materiel that cause training or operational restrictions
(military equipment, weapons, clothing, and training (eg, reducing carbon monoxide to an accept-
devices). AMEDD must ensure that soldiers do not able level so that more rounds can be fired),
suffer serious adverse health effects as a result of and
operating their materiel systems, and that the equip- * save money by eliminating or reducing o-u-
ment itself does not prevent them from performing at pational injury and illness compensations at-
maximum efficiency. tributable to health hazards from the use of

By 1983, Department of Defense (DoD) Directive army materiel.3

5000.1, Major Systems Acquisitions, had instructed all
uniformed services to consider health hazard assess- This evaluation of hazard severity and hazard
ment as an integral part of their materiel acquisition probability provides decision makers with (a) a formal
process, and Army Regulation (AR) 4n-10, which for- estimate of the health risks associated with military
mally established the U.S. Army Heaith Hazard As- hardware as it proceeds through the acquisition pro-
sessment (HHA) Program, was published in October cess, (b) a summary and discussion of potential and
of that year.'- When properly executed and integrated real health hazard issues, and (c) recommendations for
into the army's Materiel Acquisition Decision Process methods of controlling, mitigating, reducing, or elimi-
(MADP), the HHA Program not only prevents injuries nating hazards.3
and job-related illnesses, but it also enhances the Militarily unique settings offer the preventive
soldier's ability to accomplish his or her mission. For medicine team unusual and complex challenges. For
example, excess carbon monoxide reduces visual acu- example, tank or aviation crews can be exposed to
ity (see Chapter8, Conserving Vision, and Chapter 11, simultaneous stresses--such as acoustical energy,
Carbon Monoxide). By eliminating or reducing car- chemicalsubstances, tenrperatureextremes, andwhole-
bon monoxide to its lowest acceptable level, the HHA body vibration--each of which can produce several
Program prevents the soldier's performance from be- differenta 4versehealtheffects.4 All occupational health
ing degraded. There are no formalized, mandatory professionals within the military must deal effectively
civilian programs for assessing the potential health with the traditional hazards of an installation's indus-
hazards of equipment during the research and devel- trialsettingand theuniquehazardsofthemilitary;and
opment stages. all military physicians mustbecompetent to diagnose,

manage, and report the adverse health effects associ-
Rationale ated with testing, using, and maintaining military

equipment.
The HHA process applies biomedical knowledge During the late 1970s and early 1980s, the army

and principles to document and quantitatively deter- leadership as well as AMEDD and the materiel devel-
minethe risks that thematerielitself poses to the health opers recognized the need for a medical review of new
and effectiveness of the personnel who test, use, or or improved equipment. This resulted from
maintain U.S. Army equipment. The primary objec- an increased awareness that soldier performance decre-
tive of the HHA Program is to identify, assess, and ments (short-term, materiel-induced conditions that
eliminate or control health hazards associated with prevent a soldier from performing at maximum effi-
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Fig. -1. The %11198 1~ irm Towe~d Ilowitzer nh, M 11,8 is a hch-cvpler-transmrmotble 155-mm rnedium tov.A :1 (w2i/eI.
11 'iasa a'r.m ntio,~i- %pIht traika-.migLand usesa h% dropneuma.t;L reco! mix hantsm. The mamumlm ratetif fire 1%4 rounIJ%

.r minbta for the firs.t I minutes '!nd 2 round% pe~r minute ,.ust.ancin. it is tapabh' of firing a % potund roktt-assisted
,ro9~tile to a range of 301 km.
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Fig. 6-2- Trhe Multiple Liaunch Rocket Syst-m tMLR) The %MLR-S is a frox-flight artilkri rocket %stem that imprmt-s thes
coaventional. indirtect-fire capabilbt% o( the fidd arrn;. It coinsis.ts of a 12-round laundir mounied on a mobile, tracked
vehicle The MISRS i% tapabie of launching rocket,-% itfth ar ing ty pe%' of m arhead.s, eitP.cr tine at a time or in rapid nppl'.t,
to rarigt- N-yOnd 301 km.

Fig.. 6-3. Thv Bra-Jlt' 1-ighting Veh-ath'(BP ! he BFX 'in:,nw-t !,i thir late CweneLral of the Armn Omnar\%. Bradle'". Tv~o
cr~ons. tht \12 lntantn righting %Vehit It qIFV1and the. Rt1 aa~iahzg\ci ,arteetenmal!% indi'tingush.Nhe

aind hattihcsaimt arntimentaindautotqm'tatlt trfti'rmn~it mijorard.tlerenta btth-nte Wand \I1 ;sth- arrangement
411 the tre ll omF-artment ard interna storagc h !mntn n d~tyM4 n~ h'ngn 2a 2m' o~a
mat hmnt- gtin. antii TOW (ttilx- latint hed. optitalli rtLd %r-udd attn isl ~n e
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I fralil I luzard .4s,,w,,ine

Fig. 6-4. TheStinger Manpo~rtableAntiaircraft Missile. TheStingerwasdeveloptM by the army to provide indwi'dualcomp.,
-soldiers with effective air defense in forward combat areas. It is so Popular that it is% inegrated into the act:ve inventories
of all four armed services. Three variants are in ope~ational inventories, the basic Stinger, Stinger-POST (passive optical
seeker technique), and Stinger-RhI' (reprogrammnable rnicroprocess;'r).

ciency) and adverse health effects were as~ociatdx MILRSmissile. The MLRS crew membersexperienct-d
with the use of field equipment and weedefining the temporary eye and respiratory imtation whern hvdro-
limits of technology for new systems. Systems that gcn chloride gas enterc-d the crew compartment dur-
were developed during this time, which could have ing, missile launch. The hydrogen chloridv levels
benefited from very early AMEDD Hit 1A input during outside the crew compartment arealso high enough to
the MADP, include the M198 155-mm howitz'er (Fig- incapacitate unprotected personnel. An early medical
ure 6-1), the Multiple Launch Rocket System (MLRS. review would probably haverecommeaded theuseof
Figure 6-2). the Bradley Fighiing Vehicle (B1W. Figure an alternate, safe propellant. Initially, crew members
6-3), and the Stinger Mianportable Antiaircraft Missile inside the mrw comp'artment were 'required to wear
(Figure 6-4). their protective masks until modifications were made

Soldier-,who fired1 the M198 exp~erienced chest-wall to improve the compartment seals an.d overpre~ssure
pain aiid blood-tinged sputum. These are signs (if system.
prinma riy blast injunj, which occurred when the weapon Several -shortcomings were found in the design of
,wds fired. the BFV. The high, steady-state (continuous) noise

lev~els were sim'slar to those found in iti predecessor.
M~a%! injuryt is a general terrm that refers it) the Nio- Such high noise levels are typicai viarmored traicked
physic0a! rd pathophysiological events and the clini- vehicles. and arecharacteris'tic of the existing design ofcal syndromes that ccur when a living bodyise- h
posed to blast ofsany origin. Blast-wave phvsmcal irupsondd Ivevse. H iglsann

proertesthecomle'tv f ~e wvefrmand~he crew members arid passengers is cointrolled by double
number of blast repetiions detirrnine the, potential heering protection (the Combat Vehicle Crewmemnber
for primary blast ijug~ry.r* 1CVC1 DH-132 helmet and army-approved ear piugs)

and limiting the time each day that per-sornnel can
In this instance, blast injury was controlled by mx- occupy the vehicle. I lowever, diouble bearing protec-

stricting the numbt r oif rounds, (blast repetitiens) fired tion acli ersely affectsspeech intelligibil~ttamongCre1%
each day by each member of the howitz~er crew. member% takingon the vehicle's irercom'isvstem,and

Hyvdrogen chloride is a combustion product of am- tx-tv een the crew and exteirnial communication.% sta-
monium perchloratc-based propellant used in the tions. t~nother shortcoming of the BFV is that the
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heater in the crew compartment is unable to provide ing te weapon against his cheekbone. Using a differ-
adequate heat while operating at the vehicle's mini- ent propellant would have solved this problem. How-
mum dsign temperatureand low temperatures within ever, the Stinger was one of the first weapons systems
the crew compaitm ent adversely affect the crew's evaluated as part of the HHA Program; the weapon
ability t,'operate the vehicle. Testing found the heater had already been fielded and its design could not be
to be unsat sfactoqy, especially at the driver's position. changed.
An early medical review would probably have recom- Unfortunately, because these shortcomings have
mended t'iat .nore appropriate heater performance in not been properly addressed, they arc perpetuated.
the crew compartment be included in tl~e vehicle's Increased costs and additional health concerns inev.-
design specificatwns. tably result as combat and materiel developers at-

The rocket motor in the Stinger, like that in the tempt to improve or incorporate existing equipment
MLRS, uses ammonium perchlorate-based propel- into developing systems.
lant. Recommendations to wear the protective mask
to prevent respiratory tract irritation from the high History
concentrations of hydrogen chlkride gas following a
Stinger firing proved to be ;.--•ppropriate: a soldier In 166, thearmy replaced the union repeating gun
must also hold his breath for 40 to 60 seconds after with the Gatling gun-a six-barrel machine gun that
firing a Stinger to prevent any additional performance empkoyeda new, improved, steel-jacketed cartridge."6
decrement. The protective equipment of choice (the The redesign solved the shiarp-trauma hazard: the
mask) interferes with the soldier's ability to use the misalignment of the gun parts had caused soft metal
weapon: J-e faceinask prevents the soldier from plac- particles to be shaved off; the steel-jacketed cartridge

Fig. 6-5. White Armored Car thM1913-1914), shown at the U.S. Army Ordnance Museum, Aberdeen Proving Ground,
Maryla.nd. Built by the White Motow Company, this vehicle weighed about 2 urns and was a buil-usp armored truck. It had
dual rear wheels with pneumatic tires and a caliber .30 Vickers-Maxim machi.ne gun in the rounded turret. It was used by
General Per,_hing's troops along the Mexican borde7 in 1916 during their pursuit of Pancho Villa.
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prevented this shaving. However, we have no idea insidethetnks,thecrewsworkednmanfullytosteerard
whether the Gatling gun eliminated other health haz- control their lumbering charges. There was very little
ards such as toxic fumes, segmental vibration, or im- roomtomoveaboutin, mrostofthespacebehigtak.mup
pulse noise, because these were not recognized as health by thela.gepetrolengineinthecentre. Theinteriorwas

hazards. dimly lit by a naked electric light bulb, fed from the
batteries. Vision to the outside was provided through

The cavalry's conversion of the horseless carriage narrow glass prisms, which had a habit od splintering
into a moving armored fortress was probably one of into a driver's eyes when hit by a bullet?
the earliest steps in the development of the tank. At
least as early as 1902, a heavy, low-powered, armored The first major tank battle occurred in northern
car with a periscope was developed (Figure 6-5)7 France on 20 November 1917, when 378 tanks moved

TheUS.Armyusedsomeversionsofearlyarmored from behind British lines (see Figure 1-5, Chapter 1,
vehicles aiong the Mexican border in 1916. A-mored Occupational Health in the US. Army). The crews
cars are lighter-armored, wheeled, and carry r, ma- inside these tanks experienced noise and vibration so
chine gun. Tanks have heavier ar'mor, heavier weap- intense that their wireless transmitters could not be
ons, and are tracked vehicles. However, the develop- used7 Semaphores were adopted as a less-than-ideal
ment of tanks required the concomitant development alterrnative. ¶Even now, the noise in tanks is soextreme
of two major technologies: an internal combustion that tank commanders often use hand and arm signals
engine capable of providing sufficient power to move to communicate.)
thz heavy tanks, and tracks that would peimit the The Armored Medical Research Laboratory was
vehicle to cross rough terrain.7  established at Fort Knox, Kentucky, in early 1942as the

Tanks, like machine guns, were developed during U.S. Army's first organized attempt to evaluate the
an era when occupational health hazards were not a medical consequences of weapons systems designs.
concern. Although specific health hazards associated DuTing World War 11, the staff-physicians, medical
with the earliest tanks were not documented, we can and physical scientists, and engineers-compiled an
assume that the steady-state noise and whole-body impressive array of reports covering a wide range of
vibration foro the primitive track design would have human factors and health issues such as fatigue, heat
caused severe health problems for soldiers in the stress, and toxic gases."' The laboratery made ex-
tanks, and that the engines would have caused expo- tremely valuable contributions regarding the identifi-
sure to heat and toxic combustion products. Soldiers cation, evaluation, and control of health hazard& asso-
in tanks during World War ! definitely experienced ciated with the useof militaryequipment. Themedical
health hazards that were different from the impulse department, l-owever, had yet tograspthe importance
noise and blast overpressure traditionally associated of systematically revLewing pew military items for
with artillery and small arms. healthhazardsposed totheoperatorsand maintainers.

THE HEALTH HAZARD ASSESSMENT PROGRAM

Weapons and equipment development continued cat review of materiel items be performed at critical
after World War iI: yet AMEDD was still not inte- decision points during the MADP.3

grated into the MADP, through which new materiel In 1987, the Department of the Army undertook a
items are developed and fielded. As a consequence of large-scale effort to address the hazards of increas-
the questions that had been raised during the finl ingly powerful and sophisticated weapons systems:
stages of development of the M198 howitzer and the greater noise and blast overpressure, more shock and
BFV system, the application oi technology to new or vibration, ard higher concentrations of toxic fumes
improved systems was seen to be limited by soidier and gases." The army's deputy chief of staff for per-
performance decrements and adverse health effects. sornelinitiated the Manpcwerand Persoinel Integra-
Thus, army leadership--including the vice chief of tion (MANPRINT) Program." M-ANPRINi integrates
.taff, surgeon general, deputy chief of staff for person- the full range of human factors engineering, manpower,
nel, and deputy chief of staff for operations--directed personnel, training, HHA, and system saety conside,-
the formalization of a prxcess to address, as early as .tions, with the goal of improving the performanceof
possible in the MADP, health hazard issues associated the individual soldier and the total system throughout
with new materiel. The US. Army Health Hazard theMADP. Thisensuresthatthehumanaspectsofthe
As&vessment Prograrm, which was f,,rmally estabIthed soldie--machine interface are considered early in the
with the publication of AR 40-13, requires that a nedi- diesign and development of weapons systems.
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The HHA Program is a primary domain within the is known as the concept-based requirements siyslern.
overall MANPRINT Program. Careful coordination Several components within the HSC, including the
and interaction between HHA Program activities and AMEDD Center and School (formerly called the Acad-
other MANPRINT domains are essential for a cohe- emyof H-ealthSciences), review and commenton these
sive, comprehensive, and efficient MADP. Thus, the documents. Preventive medicine personnel at Medi-
MANPRINT joint working groups integrate the 1-HA cal Department Activities (MEDDACs)--which sup-
report throughout all MANPRINT domains (such as port Training and Doctrine Command (TRADOC)
human factors engineering; system safety engineer- schools and integrating centers-work with the Direc-
ing; and manpower, personnel, and training assess- tor of Combat Development to review requirements
ments). In addition, the US. Army Systems Acquisi- documentsand provide relevant health hazard assess-
tion Review Council verifies that the Office cf The ment guidance.
Surgeon General (OTSG) has completed the proper
HHA report, and that appropriate action is taken by Biomedical Research
the materiel developer or the combat developer to
resolve health hazard issues. AR 40-10 defines a mate- The CYTSG and the MRDC play important roles in
rie! dev~eloper' as "any organization responsible for de- biomedical research. The OTSG is responsibl-e for
veloping or modifying materiel" and a comnbat devedoWe identifying the health hazard assessment-related bio-
as "any organization responsible for developing or medical research needs. Thle MRDC and the OTSC
modifying doctrine on how the Army will figlt."'P"' both establhsh and prioritize HHA research require-

n~ents; the MRDC then performs the HHA research as
Organizational Support a part of its larger medical research and development

programs. Such research may consist of laboratory
Ile AMEDD organizations that have major roles in investigations, the development of technology and

supporting combat and materiel developers within melthodo~ogy, math.,matical modeling, field evalua-
theHHA Program, including technicalexpertise(which tions, or epidemiological surveys.
can include manpower), are the OTSG, the Health Biomedical research can be used to improve Or
Services Command (HSC), and the Medical Research develop new tools io adlvance HHA capabilities. For
and Development Commnand (MRDC). Together, these ex~rnple, the HHA Progra-m may be using tools (such
organizations (a) coordinate the program and estab- asbiomedical databases,,prediction models, and meth-
lish program policy; 0~) review requirements docu- ods for evaluating protection) that are unable to mea-
ments, serve on MANPRINT joint working groups, sure the specific health hazards of a developing sys-
and asist in preparing the Systemn MANPRINT Man- tern. The HHA Program has a mission to develop
agement Plan (SMMP}; and Wc coaduct biomedical technology-based research efforts aimed at answering
research. health hazard-related quesiions; that are militarily

uniqueand that have nodirectconve~latesin the civilian
Program Com-dination and Policy Establishment occupational heiAth community. Ex'amnples of rnititar-

-he TSGis he -- pnen ofthe HA rogam, ily unique biomedical research issues include

and thus establishes program policy and providles *developing standards for
coordination for the program. The HHA coordinator, a exposure to carbon rmonnxide:
as~signed to the Preventive and Military Medicine Con- o short-t~erm, high-level exposu~res to hydro-
sultants;Division of iheOTSG, provisdessthiscoordina- gen chloride and ammonia from missile
tion. Normally, HSC's U.S. Army Environmental firing;
Hygiene Agency (USAEHA) prepaeres the HHA re- o exposure to lead from the firing of self-pro-
Ports, but oc-ca-ssonally the MRDC prepares them.""3  pelled artillery,

-short-term, high-level exposures to hydro-
Requirements Documents gen fluodide and hydrogen bromide as com-

bustion and decom.position byproducts of
The army's requirements for a particular materiel halon fire-extinguishing agents;

systemn that is necessary to correct a battleficld defi a whole-body vibration from operating tacti-
ciency, based on current army combhat doctrine, are ca! vehicles; arnd
contained withinr a requiremerts document. The combat aexposure to acoustical energy:
devdloper prepare-- the requirements document and *and characterizing the toxicity of
staff% it worldwide for commertis or. the concept. This amilitary smokes and obscuran!hz,
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" propellant compounds, and developer or Program Executive Office budget. This
"o materials that come indirect contact with the research forms the basis for the materiel developer to

soldier. provide customer funds to the MRDC.
Funds for health hazard research that is required to

The identification of health hazard research needs address specific health hazards associated with a par-
usually results from voids in basic data that are to be ticular materiel-acquisition program should be identi-
applied totheHHAof materiel. These research needs, fled as early as possible in key acquisition program
in addition to the identified deficiencies and require- management documents, including the SMMP, to en-
ments, should be specified in key MADP planning sure that adequate resources are available in a timely
documents (such as Mission Area Analysis and the manner.
Battlefield Development Plan). However, the incorpo-
ration of these research requirements into the HHA's The Health Hazard Assessment Report
research effort requires close coordination between
planning agenciesespeciallyTRADOC, theU.S.Army The HHA report is a standardized. systematic,
Materiel Command (AMC), and the OTSG. Therefore, multidisciplinary evaluation of the health risks associ-
it is essential that combat system and technology de- ated with a materiel system. The HHA report deter-
velopers, test and evaluation personnel, and hunman mines if materiel systems pose any potential health
factors and system, safety personnel notify the OTSG hazards, and presents recommendations forcorrective
when potential health hazard research requirements orpreventivemeasuresorboth. Thereportisdesigned
come to their attention. In addition, the MANPRINT to document the logical process for developing recom-
joint working group shouid document health hazard mendations (Table 6-1). AR 40-10 defines the report's
research requirements in SMMPs. content and preparation.3

Biomedical research is funded by the MRDC, the An initial HHA report is usually prepared early in
mate•riel developer, or the Program Executive Office the developmental cycle and identifies
btidget, depending on whether the research is related
to a specific materiel system. The MRDC provides e potential health hazard issues associated with
funds for generic, armywide, HHA-based, research a materiel solution for a projected battlefield
needs that are not system specific. However, funding deficiency (an item is either developed or pur-
for health hazard research that is relevant to specific chased to solve a deficiency), and
materiel systerm relies heavily on research. develop- o pertinent health standards based on both de-
inent, testing, and evaluation funds from the materiel velopmental and predecessor systems.

TABLE 6-1

FORMAT FOR THE HEALTH HAZARD ASSESSMENT REPORT

Paragraph Topics Contents

References Listing of souice materials

Summary Executive overview with a brief sy.-tem description, potential health hazards, and
a brief assessment of the systemn with major recommendations

Background System descripion, use scenario, acquisition strategy, summary of previous
assessments/text reports used to evaluate the system

Identification of Issues Listing of potential/actual health hazards associated with the system

Assessment of Issues Data ana!ysis and conclusion compartd to health standards

Recommendations Recommended actions for hazard control/elimination with risk assessment codes

Identification of Preparer Freparing organization, point of contact, date prepared

Adapted from US D-partment of the Army. HeuF.h Haards•,mrnrnt Prgrmm in Support of the Army MAt"rml Acqutzsforn Dectsiun Process.
Washington. DC: DA: 1983. Army Regulation 40-10- 9.
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The initial report's recommendations focus on both componentsand subsystems, all phasesofthesystem's
data that will be required and design specifications "life cycle," how personnel interact with the system,
that address specific potential health hazards. the special operating conditions, and anticipated envi-

ronmental conditions. Then, the IMA compiles a corn-
Required Data prehensive inventory of potential health hazards and

procedures from the analysis of hardware and doc-
Information and health standards are the key ingre- trine. The inventory may include items such as mate-

dients of an HHA report, but information is often rials, procedures, and design deficiencies. Aftercom-
difficult to obtain from materiel and combat developers. piling the inventory, the IMA analyzes the quantitative
In general, both descriptive and quantitative informa- data available for each potential hazard, and requests
tionconcerning the materiel system mustbeavailable to further data to complete the analysis. Raw or intenne-
theindependent medical assessor(IMA) whoconducts diatedata may need tobereduced,converted toa more
the assessment. (The IMA-who can be either civilian useful form, or reorganized to a form. more suitable for
or military-is not employed by the combat or mate- interpretation. When data areadequate for interpreta-
riel developer, but rather by the AMEDD organization tion, the IMA compares them against pertinent health
that is completing the HHA report.) Health standards standards to ascertain whether the quantified levels
must also be made available, so that the IMA can are acceptable, given the frequency and duration of
compare or evaluate the severity of health hazards exposure expected.
associated with the materiel system. The IMA then recommends means to eliminate,

Definitivestatementsaboutlevelsofriskassociated control, or reduce health hazards that pose an unac-
with potential health hazards are impossible to make ceptable degreeof risk. Theseexposurecontrolscanbe
without quantitative data. However, in the case of an tailored to the specific system and its operational re-
initial HHA report, only data from a predecessor, or quirements, and more than one type of control may be
similar, system may be available. Quantitative infor- necessary for some hazards. Such control measures
mation about materiel systems should include health includeengixeeringcontrols (suchas redesign, system
hazard-related data (such as noise and vibration sig- modifications, and retrofits), administrative controls
natures and toxic-gas measurements) from technical (such asexclusion of high-risk personnel, and limiting
testing, user testing, special hazard evaluations, previ- duration or frequency of exposure), and requiring that
ous HHAs, human factors engineering assessments, personal protective equipment (PPE) be worn.
safety incident and system safety assessment reports, For each hazard, the IMA estimates the degree if
and modeling efforts. risk that could result from noncompliance with recom-

Combat and materiel developers should also mended control measures. A scale of risk assessment
provide descriptive information, including a compre- codes (RACs) is used to classify the degree of each
hensive account of components, subsystems, sp.'al hazard (Table 6-2), which is useful in establishing
materials, simulators and other training devices, priorities for control actions. The RACs relate hazard
special support and maintenance equipment, special severity and hazard probability. The hazard severity
salvageordisposalrequirements, andsystemempiloy- (divided into categories) and the hazard probability
mert (such as operating and training doctrine; logis- (divided into levels) integrate to yield a number (I to
tics support concepts; nuclear, biological, and chlrmi- 5). 'The lower the number, thehigher theriskassessed.
cal requirements; and expected environmental For exraple, consider category 1I, level E in Table 6-2.
conditions). The probability of occurrence is improbable (unlikely

Health.stndards (such as medical exposure limits, to occur, but possible), and the hazard posed may
health conservation st.ndards, and m.tenel de- causeseverebodilyinjury (critical); therefore, theRAC
sign-standards) are essential-to gauge the severity of is 4. The goal has been to make the RAC process as
quantified hazards. Comprehensive biomedical objective as possible, but the professional judgmentof
databases are very helpful in gaugipg real levels the IMA remains a subjective component.
of risk, especially whier quantified hazards exceed Hazard savrity assesses the worst potential conse-
estab!ished limits, although such databases-are often quence. Several factorsdefine thisz,.ssessment, mnclud-
unavailable. ing the degree of injury, occupational illness, health-

related performance degradation, and possible bodily
Prrparxition Sequence system damage. Hazard probability assesses the likeli-

hood that a hazard will occur, based on fzctors such as
The IIMA uses a sv.fsens .-appr-ach = analyzing location, exposure (in cycles or hours of coeration),

h,--dware and dcmxnne- This approxch analyzes all and population affected. The decision-making au-
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TABLE 6-2 integrated throughout all phases of the materiel sys-

RISK ASSESSMENT CODES tem development and acquisition cycle. Initially, the
materiel or combat developer must submit draft sys-

Severiy C y Ptern requirements documents to the USAEHA, the
Severity Category Probability Level MRDC, or HSC's AMEDD Center and School for a

medical review. These organizations identify poten-
A B C 3 E tial health hazards and applicable health standards
1 1 I 2 3 and return thcir comments to the materiel or combat

II 1 1 2 3 4 developer. HHAs should be used during (a) program
IVl 2 3 5 5 5 initiation, (b) concept exploration, (c) demonstration
IV 3 5 5 5 5 and validation, (d) full-scale development, and (e)

production and deployment.

I (Catastrophic): hazard may cause death or total loss
of bodily system Program Initiation

II (Critical): hazard may cause severe bodily injury, When the MADP is being initiated, the combat
severe occupational illness, or major damage to a developer should assign responsibilities and formu-
bodily system late requirements documents. The combat developer

Ill (Marginal): hazard may cause minor bodily injury, should incorporate health hazard considerations and
minor occupational illness, or minor damage to a criteria into requirements documents based on prede-
bodily system cessor or similar systems. AMEDD sources may pro-

IV (Negligible): hazard would cause less than minor vide such information. In addition, designated pre-
bodily injury, minor occupational illness, or minor ventive medicine personnel assigned to TRADOC
bodily system damage installations should identify responsibilities and tasks

A (Frequent): likely to occur frequently, or continu- needed tocontrolpotential health hazardsand include

ously experienced them in the SMMP.

B (Probable): will occur several times in life of an item, Concept Exploration
or will occur frequently

C (Occasional): likely to occur sometime in life of an During the concept exploration phase, the combat
item, or will occur several times and materiel developers should ensure that require-

D (Remote): unlikely, but possible to occur in life of an ments foran HiIA areincluded inacquisition program
item, or, unlikely, but can reasonably beexpected to management documents, The combat and materiel
occur developers should also s-ubmit a request for an HHA

E (Improbable): so unlikely it can be assumed occur- report to thealt haG. This-request should inlude any

rence may not be experienced, or unlikely to occur, available health hazards-related test and evaluation

but possible data contained in other program documents.
Other required prgramacquisiiiondocumentsmay

Adapted from US Department of ihe Army. Hvith Hozard pruvideuseful-HA- relatedinformation.Thesedocu-
At•essmrait Program in Support of the Army Malerd Acquisition ments are the Human Factors Engineering Assess-
Daiswon Process. Washington, DC. DA, 1991. Army Regulaton 40- ment, Saiety AssessmentReportand-afetyand health
10 11-12- data sheets. Inradditionthe O-SGthe IUSAEHA, and

the MRDCalso provide healthd.-hazardtconsultation as
required.

thorities in the MADP use RACs to determine which
health hazards must be either resolved or accepted Demonstration and Validatizra
before a materiel system can progress to the next level
of development or production. During the dem.rnstration and-validation phase of

the MADP. the combatan&dnateriel developers and
Health Hazard Assessments During the Materiel the IMA collect health nazard data, which will form
Acquisition Decision Process the basis-for an updated HH-A report. AMEDD ele-

mentscontinue to furnish healthahazardcconsultation
justasHHAconcernsshouldbeinte-gratedthrough- to the materiel developer to control health hazards.

out all MANPRINT domains, so they should also be When.the developeris unable to audress these issues,
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AMEDD tay assist in collecting data and in refining associated with major hazards. Contract specifica-
collection requirements and methods. In addition, tions are developed and refined to ensure compliance
formal requirements documents should specifically with health hazard requirements.
address health hazard considerations peculiar to a
developing system. Production and Deployment

Full-Scale Development Health hazard-control procedures adopted as a
result of HHA report recommendations should be

During the development phase of the MADP, test incorporated into acquisition program technical pub-
personnel collect data to address unresolved health lications and training materials. Production testing
hazard issues. The materiel developer should request documents thedevelopingsystem'sconformancewith
an updated HHA report from the OTSG to determine HHA-related contract specifications. Test personnel
thedevelopingsystem'shealth-riskstatus. Theresults collect required data on unresolved health hazard
of this assessment should be included in the SMMP issues during postproduction testing (such as Foliow-
and otheracquisition program safetyand health docu- on Operational Test and Evaluation) and submit it to
ments such as safety and health data sheets, safety AMEDD for review. The materiel developer ensures
assessmentreports, humanfactorsengineeringassess- that (a) proposals for engineering change proposals
ments, and MANPRINT assessments. The materiel receive proper review for health hazard implications
developer corrects or controls remaining health risks, and (b) decisions that resolve remaining health hazard
or documents management decisions that accept risks issues are documented and implemented.'3

FINDINGS OF HEALTH HAZARD ASSESSMENTS

About 100 HHAs per year have been done on army which can interact with the body to cause hearing loss
materiel systems since the program was formalized in or damage to internal organs. It includes steady-state
1983. (Apptoximately two-thirdsoftheseassessments (also called continuous) noise from engines and heli-
requirea formalHHA report.) Ninegeneralcategories copter rotors, impulse noise from firearms, and blast
of health hazards have been identified.(Table 6-3). An overpressure from mortars and towed artillery (free-
HHA wi!l typically address army develapmental and field waves) and heavy weapons on crew-served vt-
nondevelopmental it,-ms fzir e Vch of these nine possible hicies (complex waves).3

hazard categories. AR 71,, defines a developmental
item as one that is "under development or which was Lighter, Air Cushion Vehicle, 30-Ton Capacity
developed by the army."1!4," The same document
defines a nondevelopmcntal item as The Lighter, Air Cushion Vehicle, 30-Ton Capacity

(LACV-30) is an air-cushion cargo transport vehicle
those items available for procurement to satisfy an capable of operating over water, beaches, ice, and
approved materiel requirement fromexisting surces snow. This vehicle is powered by two sets of gas
(such as commercial items and items. developed by turbine engines, which drive lift fans, and two propul-
other government agencies, US. military service, or
countries) requiring little or no additional develop- sion propellers (Figure 6-6).
ment."•, An HHA of the LACV-30 identified the power train

as a source of high levels of steady-state noise (see
Usually, the more complex and sophisticated the Chapter 7, Noise and the Impairment of Hearing, for a

materielsvstem, themorecaltegoriesofpotentialhealth discussion of steady-state noise). Based on Military
hazards that will need to be addressed. The HHA Standard 1474, the HHA report recommended that
report that is appended at the end of this chapter was crew members and passengers use single hearing pro-
selected for inclusion in this textbook because it ad- tection (such as the DH-132 CVC Helmet, the SPH-4
dresses five categories of health hazards--an unusu- Aviator's Helmet, or approved ear plugs) to protect
ally high number--and deals with a system that is themselves from noise-induced hearing loss.'5

currently under development.
Bradley Fighting Vehicle

Acoustical Energy
The BFV is a tracked, light-armored vehicle. Both

Acoustical energy is defined as the ptential energy versions-the M2 Infantry Fighting Vehicle (IFV) and
that exists in a pressure wave, transmitted through air, the M3 Cavalry Fighting Vehicle (CF V)-are equipped
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TABLE 6-3

HEALTH HAZARD CATEGORIES

Related
Category Description Examples Publicatiows

Acoustical Energy Potential energy in a pressure wave, Steady-state noise. engines and helicopter rotors AR 40-5
transmitted through air, which can cause Impulse noise:- small arms MIL-STD-1474
hearing loss and damage internal organs Blast overpressurei, mortars, towed artillery (free-field MIL-STD-1294

wave) heavy weapons on crew-served vehicles DA PAM 40-501
(complex wave)

Biological Substances Pathogenic microorganisms, their toxins Sanita,'ion concens such as waste disposal, food handling, AR 40-5
and enzymes and personal hygiene FM 21-10

"TB MED 530
TB MED 577

Chemical Substances Excessive airborne concentrations of mists, Combustion products from weapons or engines AR 40-5
gases, vapors, and particulate matter also Exposures via inhalation, ingestion, dermal or eye centact MIL-STD-1472
toxic liquids and solids MIL-HDBK-759

21 CFR 177
2 CFR 182
29 CFR 1910

Oxygen Deficiency Sudden reduction of atmospheric 02 to <21% In confined spaces and high altitude.- can cause shortness TB MED 288
(by vol) of breath; impaired vision, coordination, and judgment, DHEW(NIOSH)

progressing to unconsciousness and death Pub. 80-106
29 CFR 1910
ANSI Z117.1

Radiation Energy Ionizing- any form of radiation sufficiently Alpha and beta particles, gamma and X rays, neutrons AR 40-5
energetic to ionize molecules in matter AR 40-14

Noni.ing- emissions from the EM spectrum UV, visible. IR, microwave, and RF radiation AR 4046
with insufficient energy to ionize molecules AR 40-583

AR 385-9
AR 385-11
MIL-STD-1425
TB MED 522
TB MED 523
TB MED 524
10 CFR 0-199
21 CFR 1040

Shock Mechanical imp ilse or impact received by Acceleration: recoil from weapon 'lL-F-rD-M58
the body Deceleration: opening of parmchute harneos MIL-STD-1290

SAE-" 855

reinperature Injuries from excesive heat and cold, which Heat: heatstroke, hyperhermia AR 40-5
Extremes can be exacerbated by humidity Cold: frostbite, hypothermia MIL-STD-1472

TB MED 81
TB MED 28e
TB MED 507

Physical "I rauma Injury to eyes or body from impact or strain Penetrating AR 40-5
Blunt: crush injury. bruise TB MED 506
Musculoskeletal: lifting heavy equipment 29CFR 191G

ANSI Z87.1

Vibrat:on Adverse health effecft caused by contact of Whole body: aircraft and vehicle operators and passengers MIL-STD-1472
oscillating mechanical surfaces with the Segmental: operators of hand-held power tools ANSI S3.18
human body ISO 26 31t

So•rty of Autemotie Engineers
tinternational Standardi Organization
Adapted from US Dep.atment of the Army. HIalth Hzard Assweimrt Program in Support of ihr Army Matriel Acquisition Dec'sion Proes,. Washington, DC.
DA; 1991. Army Regulation 40-10. App C: 12-13.
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Fig. 6-6. The I ighww- \ir Cusitu'~n Vehiijle. 311-1vný Capacitv (L.ACV-311). The LACV-30' is capable oft around-the-dlock
oe'rfltiom1 regarel.., ot-thr 'rvatiieri-t casilt trarsp~ts i% heeled and tracked vehicles. containers, and bulk Cargo on its
l~fuiO't! 2 deck %,~ Tflxfiniur pavhitud n ';tons, =rt speed is 45 mph. and endurance is 8 toi 1) hours. U.S. Army'
traPnpoirtaittnznnrit,.received f-heir tmt p~iwitxictimnt cm.it in 1982.

with a turt-mounted 25-mmn gun, a 7.62-nim ma- M-7120 Series 120-inm Battalion Mortar System
chirne gun and a tubt-launched, opticalixy-tracked,
xvirt-guided (TOW' antitank missile launcher see Fig- The M-1 20) Series 120-mmn Battalion Mortar System
=e 6-' ) The IFV carrie-. a nine-man infantr% 'squad (BMS-120) is a smoothbore, muzzle-loading, in~direct

m:da commander, gunner, and driver. The CR-' fire system, which consistsi of the M- 120 Towed Mor-
cam. va crew ofi~e- the commander, gunner, dri% er. tar, transported by a quarter-ton truck, and the M121
=d two I'VCOTnnaissance crew members,. carrier configuration mounted in a modified Ml 13

il-I.Asot the iWV identified high steady-state noise Armored -Personnel Carrier (Figure 6-7).
le'vek-d~irte to th-- de-sign of the suspension and drive The DM5- 120 generates high-impulse noise levels,
'.-vtrm- and impulse noise when the guns were fired. and a blast attenuating device (BAD) is used to reduce
The' uIHA report cecommended that crew membe-rs exposures at crew locations. An I11f IA report oin the
%wea.rdouble hearing protection, such as the DVI-132 B3MS-120 recommended that
C'VC Welm1net worn with approved ear plugs. The
H-HA repiart also recommended that use of the vehicle 9 firing be- limited when a BAD is not installed,
be- limited during training to prevent noisi'-induced * all personnel within 2W~ mn of the mortar wear
bezring loss."' ear plugs, and
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Fig. 6-7. 120-mm Battalion Mortar System (BMS-120). The BMS-120 provides dismounted (walking alongside) and
mechaniz~ed infantry units increased range and lethality with high-explosive, illuraiination, and smoke-screening rounds.
Concurrently with the acquisition of the BMS-120, a ne-w family of enhanced ammunition is beving developed. This M121
camrer-mounted configuration is shown with a BAD (bast attenuating device) mounted oi, the mu;le of the mortar.

*the number of rounds fired per 24 hours be nored, self-propelled, air-transportable field artillery
limited."- weapons system. It is designed to provide support to

armored and mechaniz:ed infantry units. The HIP
M109 155-mm Howiltzer Improvement Program Self- includes, many survivability improvements and has a
Propelled Howitzer pro jectile range (increassed over previous self-propelled

155-mm howitzers) of up to3O km wvith rocket -assisted
The MI09 Howitzer Improvement Program (HIP) projectiles (Figure 6-8).

Self-Propelled Howitzer (SPH) is an aluminum-ar- Several HH-A5 have beeni completed on, the MI09
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Fig. 6-8, The M1 09155-mm Howitzer Improvement Program hlIP) Self-Propelled Howitzer (SPH). The HIP includes a new
cannon and mount, an on-board fire-control system, a navigatiun system, automotive improvements, additional ballistic
protection, NBC ,nuclear-biological-cheinical) protection for the crew, a driver's night-vision device, built-in test equip-
ment, and secure communications. HIP modifications will be applied toall M109 SPHs not converted to M109A4 or M109A5,
under the designation M109A6 Paladin, shown above.

HIllSPH. This system generates high levelsofsteady- their toxinsand enzymes. In the specific sense used in
state noise. The particular blast overpressure experi- HHAs, biological hazards include sanitation concerns
enced by the crew ana resupply vehicle personnel is a such as waste disposal, food handling, and personal
function of a series of complex variables such as the hygiene.'
type of charge, hatch and vehicle configuration, and
quadrant elevation of the gun tube. Thus, the HHA Composting Toilet and Aerated Vault Toilet
report recommended that

TheComposting Toiletand theAerated VaultToilet
"* the crew use hearing protection, technologies areself-contained human waste-disposal
"* certain restrictions apply to vehicle and hatch systemscdesigned foruseat remote trainingand opera-

configurations, and tional sites to replace chemical and pit latrines (Figure
"* the number of rounds fired per day be limited, 6-9). The composting toilet is a large chamber into

based on the type of projectile and the zone of which wastes and organic bulking agents are placed.
the charge fired." The Aerated Vault Toilet accomplishes natural aerobic

decomposition of waste into humic material through
Biological Substances aeration by a series of air channels, baffles, and a fan.

An early HHA of the two technologiesrecommended
In the broadest sense, the term biohgical substance appropriate administrative controls and maintenance

includes exposure to pathogenic microorganisms and procedures to minimize harborage and breeding of
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Fig. 6-9. Composting Toilet and Aerated Vault Toilet. Composing
toilets, left, were developed in Sweden and have been used in the U.S.
Army for many years. The breakdown of wastes is accomplished
naturally by aerobic decomposition, without additional H20 or other
chemicals. In the aerated vault toilet, right, wasteis broken down into
COC, and HO by aerobic organisms. Aerobic decomposition occurs
about 4-fold faster than anaerobic decomposition, thereby reducing
pumping costs. Preventing anaerobic decay also greatly reduces the
odors in the toilets.

insect and mammalian vectors of disease (primarily that each lot of water for injection and reconstituted in-
flies and rals), including travenous fluids be checked for compliance with US.

Pharmacopeia standards for sterility and pyrogtMs.
"* enroliment of compost handlers in the Medical

Surveillance Progrdm for Wastewater Treat- Chemical Substances
mert Plant Ciperators, and

"* ddilyce-..,ngg(wheninuse)oft tetoi;-'tseatsand Hazards from chemical substances (not only the
sur,.,,unding surfaces with soap and water. combustion products from weapons or engines but

also other toxic materials) arise from excessive air-
Additional study of the dissemination of coliform borneconcentrationsof mists, gases, vapors, fumes, or

bacteria via aerosols and direct contact was recom- particulate matter. Toxic effects may be caused by
mended to serve as a paradigm for the spread of thse exposure via inhalation, ingestion, or eye or dminal
human pathogens." contact. Hazards may also be caused by exposure to

toxic liquids and solids by ingestion or eye or dermal
Resuscitation Fluids Production Sysrem contact.!

The Resuscitation Fluids Production System Avengrr
(REFLUPS) isa compact, self-contained unit designed
to produce 75 L per hour of sterile, pyrogen-free water The Avenger, originally called the Pedestal Mounted
for injection, and to reduce transport and storage re- Stinger, is a component of the Forward Area Air De-
quirements in remote areas. The processed water is lense System (FAADS) and is employed in the rear
mixed with a fluid concentrate toreconstitutea variety battle area. The Avenger consists of a Stinger mnirike
of products for intravenous administration. The sys- and a .50-caliber machine gun pedestal, which are
tem will be used foron-site production of intravenous turret-mounted on a High-Mobility, Multipurpose,
fluidsat medical treatment facilities (MTFs) operating Wheeled Vehicle (HMMWV), M998. The system is
in combat ,ones and aboard naval vessels, used against enemy fixed- and rotary-wing aircraft

The HHA of the REFLUPS recommended a specific (Figure 6-10).
method to evaluate the system's ability to remove viral An HHA of the system duringearly developmental
contamination. In addition, the HHA recommnended testing identified excessive levels of hydrogen chl,-
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Fig. 6-10. Avenger Air Defen~slem. The Avenger enhanct-; the Stinger islewith new capabiiitites such as shoot tin
the move, day/night oiperations. and multiple rapid sequential engagements. Aveniger integrates the Stinger missile, a
gyrostibiliziedx turret. forward-looking infrared, laser rangefinder, identification of friend or foe, and a .Nk-tlibe-r machine
gun. It is operated cithter from tie vehicle cab or remotely by acrew of two: the driver and the gunner.

ride gas in the I-IMMWV during certain Stinger missile The vessels are used fo! transpo~rting rolling stock and
firings, depending on theangleand direction of firing., general dry cargo on the ocean and coastal and inland
The peak exposrures of hydrogen chit-nde were in waterways. They are aiso) used for beaching and
excess of W0 pp-m (the militarily unique s!andard is retraction oin undeveloped and remote coastlines,,ass-
now 100 ppm for l1niin). Thu;, th nmateriel developer sisting in discharging and backloading ships in a roill-
recommended and adopted engineering controls on/roll-off or loigistics-otver-the-shore (LOTS) opera-
(such as exhaust detlectors-, doort and window seals, tion. The vessel is opera ted by acrew of 13: 11 enlistedi
rigid doiors, improved latches, and crew cab reinforce- persornel and 2 offictrs.
ment) to eliminate the performance decrement result- An III IA of the LCU-200t) identified a lack of venti-
ing from acute exposiures. The materiel developeralsoi lation for the control of toxic ga.ses, fumes, organic
ti:sted to vtnify that these engineering controls were vapoir. slvents, and particulate mnatter that w-ere gen-
effective.? crated in the vesisels niachinesho~pduringdegrea.sing,

Thisd hzrs.Ite %as redes-igned to rec tify I I II A-identi- welding, soldming~sanding. and grinding operations.
fie hauids.Itwvs used in O~peration Desert Storm Thus, the I UfA repoirt provided detailed guidance for

without report of adverse health effects to the soildiers dt-signing local exhaust ventilation.. The mnatriel devel-
who operated it. oper subsequently ador4ed thiesto ecmmendatitn's.

Landing Craft Ulilitý( .4143.11 Protective Mask

The Landing Cnaft Utility-100) (I.CU-2(XX)) class The M43A I Protective Mask iF intended it) be used
Ve'ssels are welded, steel-hulled marine vessels pow- by crew mvmb~-usr operatiaig rotary-winged aircraft
erced by two tudbotliarged diesel en-tgines %(Figturebt-l 1). and is designed to proitect the face . -'cs. andi respira-
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1 '

Z.

14,

Fi&6-II. Landing Craft Utility-20XJO(LCU-2000). LCU-20M shipsare 174 ft long by42n rmnieand dispilace 1M7tonswheiifufly
Woded. Theirspeed is 12 knots and range is 5X00 miles. The main deck level houses themvess, sick bay. and recreation room. The
cwewquartersamcon thesecndklevel; thepijot housison top. Asternmoduleotieshenginewmd~asoidaswtedr*chinery.

Fig.6.12.% 43A1 Aircraft Chernical-Bhoogical (CB) MasL The M,43Al mask consists of a fcorm-fitting tacepiece with spherical
Ienmst.fittt'd close to theeves, an integrally attached CO hood and skull-type suspension system (fitted over ard suispended fromn
the heAd), in inhalation-air dis~ibutiom assembly for re-gulating air flow- to the mouth and nose, k-nses and hood assevbl. an
exchalation vah;reas-.qvnblv~anekc'jnjc microphone, and a pontable motor-blower filterasserobly for maintaining on-pressur
in the mask and hood.
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tory system from field concentrations of chemical, OxQgen Deficiency
biological and riot-control agents (Figure 6-12). The
M43A1 was designed to improve the M43 Protective When atmospheric oxygen is displaced from an en-
Mask by enhancing both minimum protection and dosed orconfined space, orwhena system isoperatedat
nuclear-biological-chemical (NBC) survivability. In highaltitudes, oxygenconcentrationscanbedecreased
additkn, replacealeprescriptionlenseswereanadded below that which is commonly found in ambient air
feature of the M43A1. (21% by volume). Reduction of oxygenconcentration

A planned product improvement for the mask is a to approximately 16% causes shortness of breath and
change in the mask's formulation from bromobutyl/ impaired coordination and judgment. This condition,
natural rubber to correct these deficiencies: (a) the hypoxia, can cause visual, mental, and motor impaio-
faceblank cracks prematurely and (b) patch testing ment and progress to unconsciousness and death.3

revealed a high percentage (U in 200) of positive skin
sensitization reactions among wearers. Civilian in- When the oxygen level falls to 17 percent (129.2 mnu
dustry p.actice does not accept skin sensitization in Hg), the first sign of hypoxia, a deterioration of night
excess of 1 in 10,000. Thereore, the HHA report vision, which is not noticeable until normal oxygen
recommended that none of thecandidate formulations concentrations are restored, may occur. Physioog-
be used in fabricating ru r articles intended for use cal effects are increased breathing volume and accel-

e rated heartbeat. At 14 percent to 16 percent (106.4-
where repeated dermal contact is expected. The mate- 121.6 nun Hg) oxygen, physiological effects such as
rie developer accepted this recommendation and ad- increased breathing volume, accelerated heartbeat,
ditional researchisbeing done on the faceblankformu- poor muscular coordination, rapid fatigue, and inter-
lations.Z) mittent respiration mayoccur. Between6percent and

FI 6-13. AirDefemeAntitankSystem. TheADATSis designed tooperateautonomouslyortouse. orward area airdefense
command, control, and intelligence data, during day or night, in obscurants, in adverse wather, and in battlefield
environmentswhereelectroncand physical countnraasu•s are presenL Thesystemisoperated byacrew of three: driver,
gunner,and commander. ThUi program was cancelled intheearly 1990s ithasacost-savingn measureand because the threat
in Europe had changed.
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10 percent (45.6-78 mm Hg), effects such as nausea, crew compartments) into the BFV crew compartment
inability to perform, and loss of consciousness may will displace oxygen. Testing of the Dual Shot AFES
occur. Less than 6 percent oxygen (45.6 mm Hg) determined that, undercertain circumstances, the Na-
resultsinspasmaticbreathinrg convulsivemovements, tional Fire Protection Association's and the OTSG's
and death in minutes.' recommended concentration for Halon 1301 was ex-

ceeded at several locations inside the vehicle(Table 6-Air Defense Antitank System 4). Thus, the HHA report recommended that the
combat and materiel developers adopt operating pro-

The Air Defense Antitank System (ADATS) is the cedures to control exposures to both excessive Halon
Line-of-Sight-Forward Heavy (LOS-F-H) component 1301 and reduced oxygen levels during AFES dis-
of the FAADS, designed to operate at or near the front charge. The report also recommended that warnings
lines (Figure 6-13). The system carries eight ready-to- that such events are possible be included in the techni-
fire laser beam-rider missiles designed specifically to cal and training manuals for the BFV!'
counter low-level helicopters and fixed-wing aircraft
The crew of three (driver, gunner, and commander) Radiation Energy
use radar,forward-looking infrared (FUR), and televi-
sion sensors to detect, acquire, and identify targets. lonizingradiation-alphaandbetaparticlesgamma
The missilefireunit is mounted on an armored tracked and X rays, and neutrons-is sufficiently energetic to
vehicle, theXM1069,whichisaderivationoftheM3A2 strip electrons from molecules. This frees electrons
BFV chassis. and positive ions, which are then available to interact

An initial HHA of the ADATS identified two short- with other matter. Nonionizing radiation-emissions
comingsinthedesignofthevehicle'sNBCairfiltration from the electromagnetic spectrum including ultra-
system, oneregarding theamount of filtered breathing violet, visible, infrared, and radio frequencies (indud-
air supplied to each crew member, and the other ingmicrowave)-hasinsufficientenergytoionizeother
regardingthesourceofairduringthebackupmodeof molecules. Its biological effect is caused by exciting
operation. These are typical deficiencies in tactical electrons tohigherenergy levels, thereby making mol-
vehicles with ventilated facepieces; they are designed ecules more chemically reactive. Lasers are a special
to deliver an average volume of 3 standard cubic feet category of nonionizing radiation technology; they
(standardized for temperature and pressure) per amplify collimated electromagnetic radiation within
minute of filtered air per person, which is less than the the nonionizing spectrum.
respiratory requirement for physically active crew
members (eg, a loader or a gunner). The recycled air Improved-chemical Agent Monitor
from within thevehiclewas filtered,butnonmakeupair
was introduced; typical carbon filtration does not The Improved-Chemical Agent Monitor (I-CAM)
filter or remove carbon monoxide. Thus, the HHA was originally developed for the United Kingdom's
report provided the materiel developer with informa-
tion concerning the minimum quantity of breathing air
required, and proper design of the air source.-2 TABLE 6-4

Bradley Fighting Vehicle with Dual Shot Automatic HALON 1301: RECOMENDED CO E TAIONS
Fire Extinguishing System AND PERSONNEL EXPOSURE TIMES

The BFV with Dual Shot Automatic Fire Extinguish- Concentration Permitted Exposure Time
ing System (AFES) is a proposed product improve- (% by vol) (Min)
ment to install twoadditional 5-pound halon fireextin- < .0
guishers in the crew compartment. The system will <7 15.0
provide the crew and squad compartments with the 7-10 1.0
capability to detect and suppress slow-growth fires 10-15 03
and two consecutive, explosive, hydrocarbon fires. > 15 Prevent exposure

However, the HHA discovered two possible short-
comings of the system: oxygen deficiency and exces- Adapted from US Army Environmental Hygiene Agency. Health
sive levels of halon (the neat agent itself is toxic). The ( (Vru'l1kehllASadio t3eA flShuingVcedeSm(BFVS)wiik Dual Shot AutowwIkFire Extinguihi nt System CAFRES).
releaseof an excessiveamount of Halon 1301 (which is Aberdeen Proving Ground, Md: USAEHA; 1990. Repwt 69-37-
the only haklm fire-extinguishirg agent allowed in 4776-90.
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Fi& 6-14L Impir~ved-Ckemic Agent Monito GýCM). The tCAM dewets %xu3 of ldiemi agents by sensng m culanons of
speifc nowitiesand usmrnng and mia p ortechniuquestomredcconnnm ttbefidd intefereces Itconssiof adrift tube,
sign procewc, molecnarsie,.e, memrane and ependable item sh as batties, onfideice testb , and dust filters.

Ministry of Defense. It is a hand-held ion mobility mented for personnel who handle the nickel 63, and
spectrophotometer, used for chemical agent vapor that specific radiation-safety ins.ructions be incorpo-
detection (Figure 6-14). The I-CAM contains nickel 63, rated in the I-CAM technical and training manuals&
a beta-particle source, and is used to detect nerve and
blister agents on personnel and equipment. The basic Enhanced M16A2 Rifle Optical Sight
CAM has been improved, and maintenance proce-
dures no longer require the removal of the assembly A daylight optical sighting de',Ace is being consid-
that contains the radioactive source. ered for use on the Enhanced M16A2 Rifle and other

The HHA report recommended that control proce- weapons. The device will be used forbattlefield obser-
duresforradiationprotectionbedevelopedandimple- vation up to 1,000 m, and will permit target engage-
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ment by riflemen and gunners up to 600 m. The anopeonsm-controlgrouphousedinanS-250shelter,
developersuggested that tritiumbeused in thesightas an antenna/transceiver group (ATG) and two MEP-
a light source and that the sight be optically hardened to 112A 10-kW diesel generators (Figure 6-15). The Block
protect the user from directed-energy weapons. The 11 Program mounts all three of these subsystems on a
HHAof the optical sight recommended, however, that pallet for placement on the carobed ofastandard US.
an alternate light source (such as promethium 147) be Army 5-ton truck to improve mobility, transprtabil-
used because tritium emits a low-energy beta particle ity, and emplacement and displacement time.
that can diffuse out of its encapsulating material and However~measurementsoftheradiofrequency(RF)
migrate to clan surfaces. Itcan then permeate theairof radiation presentduring operationof theATG demon-
storage and use areas and be inhaled or percutaneously strated that the power density levels (see Chapter 15,
absorbed. Tritium also requires elaborate laboratory Notuonizing Radiation, fora discussion of powerden-
analytical detection and measurement techniques? sity levels)rmay exceed the permissible expsurelevels

(PELs). Thus, an initial HHA recommended that per-
Firefinder Mortar Locating Radar, Block ft Program sonne!. be prohibited from performing operations in

front of the antenna while the system is radiating. In
The firefinder Mortar Locating Radar (MLR) is a addition, the report recommended that RF radiation

mobile phased-array radar system that is used to de- warning signs be placed so they are visible to person-
tectandlocatehigh-angle-of-fireenemyweapownsior- nel standing on the ground next to the antenna3ý The
tars, short-rangearfillerv, and rockets), to permiitmrpid materiel developer subsequently adopted these rec-
engagement with counterfire. The system consists of omnmendations.

Fig.6-15. FlrfinderMorttrLocating Radar (MLR), Block 11Program. TheML.Risdeployed dose to thefrward lineof troops
with direct support artillery battalions. In fiscal year 1990, the army approved the system's reconfiguration so it could be
carried by I '/-ton capacity HMMWVs (High-Mobility, Multipurpose, Wheeled Vehicle). r-iture improvements will also
include eliminating the S-250 operations shelter, reduced emplacvment time, faster access to data, increased program
memory and digital map storage, improved throughput and processing, remo operation capability up to 100 mand better
probability of detecftig the location of enemy weapons.
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Fig.6-16- An-red Ol1-,SD Kioi aWarrior S n(ut 1-elicoipter. The OH-.5$D uses a new drive train consisting of a four-bladed
rotor, 6;4)-hp engine and compatible transmission and tail rotor systems. Be-ginning in fiscal year 1991, the armed version
was equippied wvith air-to-air Stinger missiles. An air-zn-ground wearxons. suite will arm the aircraft with Hellfire missiles,
Hyvdra 702.7--in rock~ets, and/ iora.50-cafiber machineguin. The aircraft is operated by a crewo(f two, has a maximunm gross
weight of 5_5M~xt) onds. and a maxi mum level sped of 118 knots.

Observation Hdlicoptcr-58D Kiowla Warrior Scout ted from the acceleration or deceleration of a medium
with which he has contact."' It is not to be confused

The 011-5813Kiowa Warrior Scout is an improved,. iith eithcr physiological shock or electrical shock.
cloe-cmbt. enl-rconaisaneintelligence.-gath- The opening force-s of a parachute harness, and the

ering, target-acquisition and -designation surveillance forces del ivered to t hebodv4 asa resulIt o f wea pon recoilI
systemn (Figure 6-6.It is assigned as an aeros -out are examples of this kind of shock.
belicopler for attack helicopter companies, and air
cavalry companies. and as an aerial observation heli- Tactical Assault Personne'l Parachute
copter for field artiller support sections. A mast-
mounted sight (NMMS)above the rotor contains a laser TheTactical Assault Personnel Parachute (TAPP') is
rangefinder and target desigrator (LRF/D). being developed for use in training and combat air-

An I IH-A of theoptical radiation hazardsassociated biorne operations. Thedesign allows fora lower rate of
with thel.RF/Ddetermined that it emits optical radia- descent to reduce the potential for landing injuries.
tion in excessoif current exposure limits for this specific With theTAPP, thecornhat jumpaltitudewiill beaslow
laser (see Chapter 15). Thus, the Illf IA report recoin- as 34k) ft above grou~nd level (AGL) and the training
mended that the developer re-strict unprotected per- jump altitude will be- as low as 800 ft AGL.
sonnel from entering the laser beamn within 231 km of An initial Hl IA of the TAPP' required the materiel
the laser, and requireground personnel (such as, main- developertoconduct tests toassess the potential health
tenance, test, and training pers-onnel) to use laser eye hazards of musculoskeletal trauma resulting from ex-
prohtoction. cessive ope.ning forces and impact velocity, ind set the

criteria for data collection. The I lIflA recommended
Shock that NOt the current and the improved paratrooper

helmets be included in the TAPP' test program to
AR 40- 10 defines shock as the Alelivmr oif a me- evaluatetheeffectof helmiet massonneckloadsduring

chanical impulse or impact to an individualJ transmit- opening shock, and the effect of crushable foam oin
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reducing deceleration of the head during parachute highly toxic or oxygen-deficient environments while
landing falls." they process, handle, store, transport, dispose of, or

decontaminate chemical agents. Two versions of the
Temperature Extremes STEPO-I have been considered to replace the M-3

Toxicological Agent Protective (TAP) suit. Both con-
The human health effects associated with high or sist of a fully encapsulating, impermeable, butyl-rub-

low temperatures, possibly in conjunction with high bet--coated, nylon suit fitted with breathing and cool-
humidity, can be exacerbated by a materiel system. ing systems.
Heat stress can cause heat disorders such as heatstroke An HHA report addressed the heat-stress concerns
and hyperthermia. Cold-induced disorders include associated with the suit and recommended the prefer-
frostbite and hypothermia 3  ential use of one suit and an ice vest when ambient

HHAs have addressed the hazards of temperature temperatures exceed 80*F. The report also recom-
extremes and humidity associated with the use of mended that the materiel developercollect testdata to
several materiel systems. The potential for heat stress support development of safe stay-wear times for both
isinherentintheuseofalmostanyprotectiveovergar- versions of the STEPO-I. The concept of safe stay-
ment, particularly a totally encapsulating ensemble wear timeseeks to strike a balance between protecting
such as the Self-Contained Toxic Environment Protec- the wearer from both exposure to chemical agents and
tive Outfit-Interim (STEPO-I). Similarly, the potential heat stress. It is generally defined as the length of time
for cold injury is inherent in materiel systems that that the suit can be worn to provide adequate protec-
operate in cold ambient temperatures, such as the tion from chemical contamination without compro-
Landing Craft Mechanized-8 (LCM-8). mising the wearers health due to heat stress.

Self-Coxtained Toxic Enviroment Protective Landing Craft Mechanized-8 Mod 1, Service Life
Outfit-Interim Extension Program

TheSTEPO-lisused toproviderespiratoryand per- The Landing Craft Mechanized-8 Mod 1, Service
cutaneous protection for depot personnel working in Life Extension Program (LCM-8,SLEP) is a US. Navy-

Fig. 617. Landing Craft Mechanized-8 (LCM-8) Mod 1, Service Life Extension Program (SLEP). The LCM-8, Mod 1, SLEP
is a product-improvement program intended to restore the mission capability and supportability characteristics of the
existing fleetand extend its servke!ifeby20years. The primary modificationis thereplacementof theold twin Detroit Diesel
"6-71 engines with new 12V-71 diesel engines and associated hardware, The army has a fleet of approximately % of these
vessels assigned to Transportation Medium Boat Companies.
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designed, welded-steel, twin-diesel-powered water- Physical Trauma
craft. It is approximately 73 ft long and capable of
carrying 60 tons (Figure 6-17). The vessel is designed Trauma to the eyes or body can occur on impact
to provide water transport to cargo, troops, and ve- withsharporbluntob ,ctsandmusculoskeletaltrauma
hic!es during LOTS, fixed port, shore-to-shore, in- can occur when heavy objects such as boxes of ammu-
land waterway, and amphibious operations. A pilot- nition are lifted. PPE such as chemical protective
house is located aft of the cargo well and the bow is masks, eyewear, or helmets areoften assessed fortheir
fitted with a hydraulically controlled ramp. The LCM- ability to preclude traumatic injuries.3

8 is expected to operate in ambient temperatures as
low as -25°F. MUMA1 Potective Mask

An HHA of the LCM-8 identified the potential for
coldstressduetothelackofheatingtooccupiedspaces The M43AI Protective Mask (see Figure 6-12) is
on the vesseL The HHA report recommended that the designed to protect the face, eyes, and respiratory
materiel developer also use engine-cooling water as a system from field concentrations of chemical, biologi-
source of heat in occupied spaces. The materiel devel- cal, and riot-control agents. An HHA of the mask was
oper modified the LCM-8s used in Alaska to use en- completed during its development (as an improve-
gine-cooling water as a source of heat in the pilot- menttothe XM43 Protective Mask). Oneofthehealth
housew. concerns identified was the effectiveness of the lenses

Fig. 6-IS. M163A2 Self-Propelled 20-mm Vulcan Air Defense System (VADS). Major components of the M163A2 VADS
include the M168 20-mm cannon, M61 Al director sight, AN/PVS-2 range-only radar, and the M741 chassis. It carries 1,000
ready 20-mm rounds in a linkless eed system.
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inprovidingadequateeyeprotection. TheHHAdeter- An HHA of the VADS identified a potential for
mined that the lenses afford thesame degree of protec- musculoskeletal trauma when crew members lifted
tion against eye injuries that industrial safety eyewear heavy boxes of spare ammunition onto the vehicular
(which meets current national standards) provides platform. The HHA report recommended specific
from blunt- and sharp-object penetration?' ergonomic procedures for lowering the platform to

minimize the likelihood of musculoskeletal trauma.
M163A2 Self-Propelled 20-mm Vulcan Air Defense The report also recommended that the materiel devel-
System opercoordinate with the US. Army Human Engineer-

ing Laboratory foradditional work practices and engi-
The M163A2 Self-Propelled 20-mm Vulcan Air De- neering-design modifications to mitigate the lifting

fense System (VADS) is a lightweight, lightly armored hazard.'
gun system on a full-tracked vehicle, designed to
provide air defense against low-altitude threats in Vibration
forward combat areas (Figure 6-18). It may also be
used against stationary or moving ground targets such Segmental and whole-body vibration can occur "by
as personnel, trucks, and lightly armored vehicles, contact of a mechanical oscillating surface with the
The system is highly mobile and is capable of high- human body."3 Whole-body vibrations are transmit-
speed operation on improved roads, cross-country ted through the feet of a standing person, the buttocks
travel over rough terrain, and amphibious operation ofa s ated person, or the supported area of a reclining
on streams and small lakes. The M168 20-mm cannon person, and are found in vehides, vibrating buildings,
iscapableofdeliveringselectedratesoffireofl,OW or and in the vicinity of vibrating machinery. Body
3000 rounds per minute. segments including the head or limbs can also be

' -j

Fig.6-19. Fast Attack Vehicle (FAV). TheFAVissimilar toa dunebuggyand isused bythe US. Army'sSpecial Forces units.
Although it has limited cargo-carrying and fuel capacity, it was used duringOperation Desert Storm and reportedlycarried
the first coalition forces into Kuwait City.
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V4

Fig. 6-20. Counterobstacle Vehicle (COV). The prototype COV pictured here is a highly mobile vehic!e capable of clearing
and creating major obstacles and emplacements. It is equipped witha combination bulldozer/mineplow and two telescopic
arms. The arms are normally used with buckets, but can also accept a hammer, auger, lifting hook, grapple, and other
attachments. These attachments enable it to move earth, breach minefields, knock down obstacles, dig defiladepositiort for
armotd vehick.s, and escavate antitank ditchets.

affected by vibrations from handles, pedals, headrests, wasbased on the hull and chassisof the M88AI Recov-
or a variety of hand-held power tools and appliances, cry Vehicle and was considered as a replacement

for the M728 Combat Engineer Vehicle and the
Fast Attack Vehicle M9 Armored Combat Earthmover. The COV will

support heavy divisions ir. the performance of
The Fast Attack Vehicle (FAV) is a maneuverable, mobility, countermobility, and survivability ta!ks

lightweight, all-terrain vehicle capable of high-speed, (Figure 6-20).
cro(scountry travel. The FAV serves as a weapons or An assessment of whole-body test data resulted in
communications platform for antiarmor, reconnais- recommendations to isolate the crew members' seats
sance, deep attack, and other missions (Figure 6-19). from the main vehicle frame by modifying the seats,

Duringdevelopment testing,50'7, of the test person- seat cushions, or both. In lieu of accepting this recom-
nel reported kidney and back injuries that were attrib- mendation, the HHA repurt advised that, for primary
uted toexcessivelevelsof whole-bodyvibration. These and secondary road surfaces, crew members be
injuries wereapparentlydue to inadequate isolation of restricted to exposure to whole-body vibration for
the vibration through the seats and inadequate shock no more than 6.0 continuous hours in any 24-hour
absorbancy in the vehicles' suspension system. Thus, period.-
the HHA recommended that these deficiencies, be The International Standard Organization's (ISO)
corrected and that the FAV operators be placed in a standards for whokl-body vibration are specific to the
medical surveillance proram.o high frequencies found in heavy equipment. The lowfrequencies found inwheeled vehiclestraversingrough
Counterobstacle Vehicle terrain are, however, not considered by this ISO stan-

dard. The only definitive evidence of physiological
The Counterobstacle Vehicle (COV) is a highly mo- effects of whole-body vibration is the prese.ac of

bile, armored vehicle equipped with a combination microscopic hematuria. The OTSG has identifid thne
buldozer and mine plow and telescopic arms that need for a militarily unique whole-body vibration
are capable of accepting several pieces of modified standard, and MRDC iscurrentlyconducting research
construction equipment. The original vehicle design to this end.
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SUMMARY

The HHA Program is one of the most militarily army's MANPRINT Program. The health risk to the
relevantapplications ofoccupatioral health within the soldier (as an operator or maintainer of materiel) is
preventive medicine arena. Since the formalization of evaluated and reduced bya multidisciplinary medical
theprogram in1983,nearlyevery weaponand support team including industrial hygienists, audiologists,
system developed or procured by the army to assist physicists, toxicologists, engineers, biologists, chem-
the soldier in the field has been reviewed for health ists, and occupational medicine physicians.
hazards by AMEDD. Thc HHA Program has paid big dividends to the

Health hazardsare identified, evaluated, and elimi- army's equipment modernization program, but ,hese
nated or controlled through a systematic review and dividends are difficult to quantify-as they are with
analysis process as materiel progresses through the mostsuccessful pteventive medicine program Suffice
research, development, and acquisition process. Nine it to say that the recipient of the dividend is the soldier.
general categories of health hazard exposures have The one who uses the equipment has every right to
iteendefined: acousticalenergy, biologicalsubstances, expectthatthehealthrisksfromusing militayhadware
chemical substances, oxygen deficiency, radiation en- will be reduced to the lowest feasible level. Recent
ergy, shock (mechanical impulse or impact), tempera- conflictssuch asOperaion DesertSorm had feworno
ture extremes, physical trauma, and vibration. mpoted advee health e rfets from the use of materien

HHA ;_ one of the principal domains within the whichtestifiestothesuccessofthisAMEDDinitiative.
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THEATER HIGH ALTITUDE AREA DEFENSE SYSTEM:
INITIAL HEALTH HAZARD ASSESSMENT REPORT

The following HHA report is reproduced in its entirety so thatinterested readers can more fyappreciate the
depth and scope of these investigations. This particular report was selected because (a) it demonstrates that one
weapon system can ecxpose personnel to several complex health hazards and (b) this emerging system could
provide air defense support to US. military and civilian personnel well into the future.

INITIAL HEALTH HAZARD ASSESSMENT REPORT (RCS MED 3M) ON THE
THEATER HIGH ALTITUDE AREA DEFENSE SYSTEM

69-37-4847-91
JULY1091

1. Riefer ee A list ofreferencesused in this initial health hazard assessmem report (IHHAR) iscontainied in AppL-Aix A.
lIhe references were attached to the original document in the form of an appendix.-Eds.i
2. Summary. TheTheater High Altihtde Area Defense System (THAAD) is an area defeneystem desiged to defeat
•Ii ibascmissile(TBM) t ts directed aant mditaryfor-es and a sTi sets (e.g.,a fieUlsandw m W ters)
"and theater strategic targets (eg., utilities and population, industrial, and gSavement ceters). The principal health
concern addressed in this HIHAR are:

a. Chemical substances.

b. Temperature extrmes.

c. Oxnen deficiency.

d. Radiofrequencv radiation.

e. Acoustical energy.
Assemwimt and recommenAktions concerning these issues are addressed in paragraphs 5and 6, respectively. Additional
health hazards may be identified in the future as more information ard test data on the THAAD become available. Such
informatio must be provided to support completion of a final health hazard assessment report HHAR).

3. DadcgouudA
a. TheTHAADwilbeagroundlbund*dTBlMdefensemsispesystemapabeoferd nospamexoantnosphem

intercept. The system will cowplement existing and futue air defensesystems by extending the TOM defensebattle space
and coverage beyond thatof thePATRIOTMissileSystem. TheTHAADwiUbefully interoperable with existingairdefense
forces and organizations. The system is currently in the demondsation/validation phase of a streamlined acquisition
process. An Army Systems Acquio Review Council (ASAIC) Milestone Decision Review (MDR) I a scheduled for
October 1991. The THAAD program includes plans for the fielding of prototype systems (Le., a provisional THAAD
battalion with twoTHAAD batteries) to stppott operational evaltuatin The objective of thisUserOperational Evaluation
Sysiem WUOES) is to havea deployable national asset with a limited capability todefeataTSM threaftyQFY95 (references
1 and 2).

b. TheTHAADsystemdes• madcmfgu ationemphasiworwldedeW 'yAlity Thesyste.nwillbetransport-
ablebyland, sea,and air (C-130•aaft) without disassemblyofany majorcomponent. Asembly at thetheaterof operations
will be limited to routine emplaceimt activit(e.g.,sabilizatis be o and alignment) eferce 3).
The mawor components of the LOC and obective THAAD systems vare similar, but the proposed oraniaon of each is
somewhat different due to a limited number of launchers and missiles during the early stages of system development A
UOESTHAAD Battery will have cneTactical Operaions Center TOCO, oneTheater Missile Deiene-Ground Based Radar
(TMD-GBR), and 12 missile launchers, The objectfveTHAAD Batery wiU have two TOCs, twoTMD.GIRs, and 18 missile
launchers. Each type of batty will also have its associated maintenance/support equipment Air deferae artillery
personn&, similar to those azigned to the PATRIOT Missile System, will operate and maintain the THAAD.

(1) Tactkcal Operations Center. The TOC will be housed in a Standardized Integrated Command Post System
(SICS) rigid walled shelter. The shelter ismounted on a modified M1097 H-gh Mobility Multipurpos Wheeled Vehcle
(HMMWV). Standard SICPS f esincludea5KWgenesr,9000TU/hrairconditionei,coDectivecw m'k bo aI
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protection, equipment racks, power and signal import/export panels, intercom, and operator seats. The TOC will use
common hardwarelsoftware being developed by the Army Tactical Command and Control System (ATCCS) and be
itteroperable with other Army/DoD and allied Air Defense (AD)/C 31 systems (references 3 and 4).

(2) Theater Missile Defense-Ground Based Radar. The TMD-GBR is the primary THAAD sensor/radar system
which perfcrms target detection, acquisition, classification, identification, engagement and destruction, and kill assessment
functions. It is a phased array radar system which will also provide cueing support to other AD systems (e.g., PATRIOT)
and counterfire support by communicating estimated launch points to the command and control network tc enhance the
detection and destruction of enemy launch facilities (reference 5). The UOES THAAD TMD-GBR will be based upon
travelling wave tube (TWT) technology and the objective TIMD-GBR will use solid-state technology. Therefore, the radar
support equipment used by each of the systems will differ slightly. The UOES system will consist of the radar antenna
asgenbly, away cooling unit (850,000 BTU/hr), a prime power unit (three 500 KW generators), a radar control van/shelter,
a bigh voltage power supply, radar electronics unit, and prime movers. The objective THAAD TMD-GBR will not require
a high voltage power supply and radar electronics unit (references 5 and 6).

(3) Missile Ianchers. Missile launchers will be truck or trailer mounted using standard Army 5-ton trucks. Each
hit-to-kill nmssile will be a cerified round contained in a storage/shipping/launch canister (e.g, PATRIOT). The number
of miss~Ics/canisters pe launcher u-ill be determined by the capacity of the prime mover and C-13D transportability
requirements. The missile will be liquid fueled (dinitrogen tetroxide oxkizer and hydrazine propellant) with pressurized/
sealed tanks. The launcher will he operated remotely by data-link from the TOC.

c. No previous HHARs have been completed on the THAAD. However, HHARs have been completed on a similar
misile system (Le., Kinetic Energy Anti-Satellite System) and on items which will be used by the THAAD System. These
HHARs were reviewed for lessons Leamed and possible application to the THAAD System (reference ). Personnel from
the U.S. Army Environmental Hygiene Agency's (USAEHA) Health Hazard Assessment Office attended a THAAD
MANPRINT Joint Working Group metting in order to provide health hazard assessment support to the THAAD Program
and obtain information on the system (reference 6).

4. Identification of Health Hazard Isues. The following potential health hazards have been identified after review-
ing the limited information currently available on the THAADSystem. Additional health hazards may be identified as the
development of the THAAD System continues and future HHARs are completed on the system.

a. Chemical substances.

(1) Diesel engine exhaust.

(2) Rocket motor propellant and oxidize.

(3) Fire extinguishing agents.

(4) Nuclear, biological, and chemical (NBC) agents.

(5) Off wsarsn

b. Temperature extremes.

(I) Heat stress.

(2) Cold stress.

c- Oxygen deficiency.

d. Radiofrequency radiation.

e. Acoustical energy.

(I) Steady-state noise.

(2) Impidse noise.

5. Asoement of Health Haxard isses.

a. Chmical substances.

(1) Diesel engine exvaust.

(a) Combustion products from diesel engines include carbon monoxide (CO), oxides of nitrogen (NOx),
formaklehyde, acrolein, and sulfur dioxide (SOt). Carbon monoxide is a chemical asphyxiant which decreases the ability
of the blood to carry oxygen to body tissues. High concentrations ofCO may be rapidly fatal without producing significant
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warrung properties (refernce 8). Oxides of nitrogen are deep lung irritants which produce cough, shortnests of breath, and
pulmomary edema. Formaldehyde, acrolein, and sulfurdioxide causeskin,eye, and mucous membrane irritation (references
8 and 9). It is A.so important to note that the Natiowal Institute for Occupational Safety and Health (NIOSH) has proposed
that diesel engine exhaust and formaldehyde are potentially carcinogenic materials. The NIOSH recommends that
personnel exposed to diesel fuel exhaust be informed of this potential hazard and that exposures be reduced to the lowest
level feasible (reference 10).

(b) Vehicleengine exhaust The current host vehicle for the THAAD SICPS, the HMMWV, is powered bya
62 liter diesel engine and hs a standard exhaust system. Vehicle exhaust concentrations inside the cab are not a problem
if the exhaust system is visually inspected as part of the vehicle maintenance program and the integrity of the three piece
exhau;tsystem isnot compromised. TM-9-2320-298-20addresses exhaust system maintenance (reference 11). Personnelin
the shelters should not be at risk from engine combustion products if vehicle engines are not running when the THAAD
system is operationaL Design requirements for exhaust systems are contaned in MIL-HDBK-759A (reference 12).

(c) Generatoren~geexhaust. Diesel-fueled generators will provide power to occupied shelters and control
vans for the electronics, heat, and air conditioning and other THAAD components. Combustion products from the
generators should not be a concern because the generators will be positioned at a distance from the vehiceand the shelters
(reference 6). However, a detailed system description and use scenario is required to fully assess this hazard.

(2) Rocket motor propellant and oxidizer.

(a) TheTHAADmissileisquidfueed. T7epropeL ishydrazineN 2 4.Theoxidzsdiftrogeneroxide,
Nk0 4 (reference 6). The misw s will be preloaded with the propellant and oxidize in pressurized sealed tanks (reference 1).

(b) There isa poten.ial forserious exposure toTHAAD missile maintenance and operational personnreand
any personnel involved in packaging, storage, handlin, and transport of fueled missiles should a leak develop in the
pressurized propellant oroxij tanks. Both hydrazuveand dinitrogentetroxideareextremely toxicsubstances(references
13,14 a-d 15).

(c) Hydrazine is a suspected human carcinogen and a skin contact hazard. Hydrazine vapors are highly
irritating to the eyes, upper respiratory tract, and skin. The liquid is corrosive, producing penetrating bums and severe
dermatitis; permanent eye damage and blindness may occur if splashed in the eyes (reference 13).

(d) Dinitromentetroxideisa dimer ofn gen dioxide When nitogen dioxideisunder presisu re •sconverted
intoditrogentetroxide. Whlnpfessurisrehased thegas reasedisnitrogendioxide(fncesl6and 17). Ntrogdioxide
ishighlytoxic. Nitrogendioxideisapubmonarymritant. Arelatvelyminorlekcouldeeecpersonnetodebthitainorposslbly
fata levels of NO. Expoisure to 100 parts per million (ppm) for one hour can produce debilitatingdyspnea or pulmonaryedema
(reference 17). Exposures of this level could occur ifa minor leak developed in the sysern. However, under normal conditions
the rckpropellant and oxidizer are in sealed tanks imide the missile wich is stred in a sealed canister.

(e) The current Army adopted maximum exposure levels for hydrazine and nitrogen dioxide arem.

10min 30 ppm 10lmn 5 ppm

30min 20 ppm 30rmin 3 ppm

60rmin 2 ppm 60miran 1 ppm

24hr 0.08 ppm 2hr 0.5 ppm

4 hr 0.25ppm

8hr 0.12 ppm

24hr 0.1 ppm.

These are exposure levels at which Army personnel can continue to function in a military unique operation or emergency
situationandbeunlikelytosfferlreveibleeffrcts. Howeveratemporaiyperfomancedecrementmayresul Therefore,
these levels must not be used as design standards by materiel developer Exposure to chemical substances should be
controlled to the lowest level feasible in accordance with MIL-STD.1472D (reference IS).

(3) Fne extinguishing agents.

(a) It is expected that an automatic fire extinguishing system (AFES) will be provided for the THAAD to
proec both the safety and health of the soldierand the Army's investment in equipment. The documents reviewed for this
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IHHAR do not address an AFES (references 3,6, and 19). Therefore, an assessment of the health hazards associated with
the AFES cannot be completed at this time.

b) If an AFES is selected for use in the THAAD and a halon fire extinguishing agent is used, Halon 1301 is
the only Office ofThe Surgeon General ( -TSG)-approved halon fire extinguishing agent for use in occupied enclosed spaces
(references 20 and 21). Halon 1301 was selected as the most satisfactory and least toxic among 97 agents tested for military
vehicle applications (reference 21). Relatively small concentrations of Halon 1301 are required to extinguish fires by
inhibiting the chemical reaction of fuel and oxygen (reference 22). The OISG policy regarding Halon 1301 specifies that the
averageatmosphericconcentratioit will not exceed 7 percent by volume, and the exposure time forpersonnel will not exceed
15 minutes. The policy assumes appropriate engineering design to sense the fire and deliver the agent, and to extinguish
the fire promptly so that personnel exposures to the Halon 1301 and its toxic pyrolysis products are minimized. Halon 1301
total flooding system design standards may be found in reference 22.

(4) Nuclear, biological, and chemical agents. The SICPS, which houses the TOC, is normally equipped with
modularcollectiveprotectionequipnment(MCPE)(refermmce4). It isexpected thatMCPEwillbe provided forothermTAADS
shelters (e.g., radar control van) to protect the health of the soldier in an NBC environment Test data which verify the
effectiveness of MCPE are not available. Therefore, MCPE cannot be assessed at this time. Test data must be provided to
support a final HHAR on the THAAD MCPE.

(5) Offgassing. TheTHAADisrequired tobecapableofstorageand operation inextremetemperatures(reference
3). Prolonged storageor use at elevated temperaturescould resultin thereleaseofgasesand vapors from shelterconstruction
materials (e.g., plastics and other synthetic materials). Soldiers occupying THAAD shelters may experience adverse health
effects or performance decrement, depending upon the type and concentration of the gases and vapors to which they are
exposed. The materiel developer should ensure that only safe construction materials are used in occupied THAAD shelters
or vans. Detailed information on surh materials is not available. Such information must be provided by the manufacturer
to support completion of a final HHAR on the THAAD.

b. Temperature extremes. The THAAD will operate in hot, cold, and basic climatic categories (-50* to W200F) and in
severecold using arctickits (reference3). Therefore, the potential forTHAAD operators to experience injury or performance
decrements due to exposures to temperature extremes is likely.

(1) Heat stress.

(a) A variety of heat illnesses may occur when personnel are exposed to hot, stressful environments for
prolonged periods of time. According to TB MED 507, the commonly reported heat illnesses are heat cramps, heat
exhaustion, and heat stroke (reference 23). Equally important is the performamce decrement which may occur among
THAAD personnel with elevations in core body temperature less than that required to cause heat illness.

(b) In hot/dry orhot/wet environments, themost impertant mechanism forlowering bodycore temperature
is evaporative cooling. Adequate ventilation will aid in the evaporative cooling of THAAD personnel during hot weather
operations. However, the potential for heat stress problems is significantly increased when personnel wear Mission
Oriented Protective Posture (MOPP) gear for protection against NBC agents, due to its insulating effects between the
wearer's body and the shelter environ.-ent (reference 24). Microclintatic cooling is an effective means of cooling personnel
wearing MOPP gear.

(c) Refrence25 contains Permissib Heat Exposure Threshold Limit Values (TLVs). The TLVs arebased upon
the assumption tht. ner&dy all accimatized, fully clothed workers with adequate waterara salt intakeshould be able to function
effectively under the given working conditions without exceeding a deep body temperature of lO0t40 F. Since measurement of
deep body temperature is impractical formmutofing workers' heat load, the measurement ofenvironmental fatos which mnost
nearly conrelate with deepbody tenaperatureand other phy6ological responses to heat is required. At thetpreset time, theWet
Bulb Globe Temperature (WBGT) Index is the simplest and most suitable technique to measure the environmental faxctor

(d) The SiCPS shelter which houses theTOC for theTHAAD system is equipped with a 9000 B1.1 heater/air
conditioner. The cooling efficiency of the air conditioner has not been determined. Neither has a means of cooling the
operatorif MOPPgear required tobe wominside theSICPSorother sheltersinan NBCenvironment Heatingventilation,
and air conditioning requirements in personnel enclosures are contained in MIL-STD-1472D, paragraph 5.8 (reference 18).
Additionally, no heating/cooling information is available for the radar control van which is an occupied shelter. An
assessment of potential heat injury to THAAD personnel cannot be completed at this time.

(2) Cold stress.

(a) In cold temperatures, physical and psychological handicaps will be presented to THAAD personr*l In
cold weather, personnel efficiency and motivation may be impaired despite the best of cold weather clothing. Personal
discomfort increases rapidly as the temperature drops below approximately 10*F. Below WF, performance decrement
increases rapidly as temperature falls (reference 12).
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(b) The type of cold injury produced depends upon the degree of cold to whilch the body is exposed, the
duration of exposure, and certain concurrent environmental factors. Cold injuries may be type-divided into "freezing"
(furstbite) and "non-freezing" (trench/immemion foot) (reference 26).

(c) Cold injuries are preventable and successful prevention requires prior planning, cold weather training,
and the use of properclothingand equipment. Specificpreventive measures should be directed toward conservation of body
heat, avoiding unnecessary or prolonged exposure to cold, moisture, and activities favoring cold injury. Detailed guidance
regarding cold injury and its prevention, recognition, and treatment is contained in TB MED 81 (reference 26). TheTHAAD
personnel will be exposed to limited periods of extreme cold since operation of the system will be done from inside shelters
and vans. Information addressing the efficiency of shelter heaters is not available and the potential for cold stress injuries
cannot beassessed at this time. Heating requirements for personnel shelters arecontained in MIL-STD-1472D (reference 18).

c. Oxygen deficiency. Personnel will be working in the THAAD for undetermined lengths of time, and adequate
ventilation, as described in MIL-STD-1472D (reference 18), must be provided. Shelter ventilation data are not available.
Therefore, it cannot be assessed at this time.

d. Radiofrequency radiation.

(1) Theater Missile DefenseGround Based Radar.

(a) The TMD-GBR candidate for the THAAD will use a transmitter-amplifier based either on TWT or solid
state technology for generating radiofrequency radiation (RFR). The TMD-GBR antenna will bean electronically steerable
phased array. This antenna will be able to irstantly steer the very narrow main beam anyw.here within the :±60 azimuth-
elevation cone that is normal to the plane of the array (±600 about boresight) (this is the estimated capability of the system).
That cone of instantaneous coverage can also be directed into any azimuth angle around a full circle (360r) by mechanically
reorienting the antenna it-c-IL It is unclear at this time what kind of transmission line (waveguide or coax) will be used to
interconnect the antenna with the transmitter.

(b) Analysis shows the main beam of the TMD-GBR will be subject to radiation protection control to a range
of about 3 km from the face of the antenna. Because of the full azimuth and elevation coverage that is possible for the radar,
that range of control probably needs to be applied over the full upper hemisphere of coverage that sufroutds the antenna.
Analysis also indicates that an extremely high radiating power density level can be expected toa main beam range of about
0.5 km. An extremely high power density level can also be expected in the vicinity of any open or broken waveguide
transmission line associated with the transmitter, if waveguide is used.

(c) Modem phased array radars will normally use sophisticated technology to control the direction,
sequencing, and total RFpower that is directed h~toany given narrow volumeofspce atany given tme (reference30). These
controls also help to control unwanted irradiation of personnel who are workin& or collocated, with the system. Based on
the kinds of controls and the detailed mission requirements of the radar, such "built-in" radiation protection could be
automatic with the TMD-GBRL If that is the case, the TMD-GBR antenna assembly could possibly be used without concern
for control, within 1.4 km of personrAel. Some tentative -recommendations for control of the system have been made at this
Isme. As the tardwaredesign phase advances, and certainly as soon as an operating model is completed, a comprehensive
RFR study and evaluation should be requested fromn USAEHA in accordance with AR 40-5 (reference 27).

(2) Single Channel Ground-to-Air Radio System (SINCGARS).

(a) Reference3specifies theuseo(thbeS!NCGARS. Thisradiosystemutilizesa5O-Waeragepowervehic-lar
Lransmitter.oper.tingoverthe3-80MHzfreq-aencyband,anda marpackradio!hatoperatesoverthesamefrequencyband
at4.0W. Theput power of the manpack radiois below the threshold for radiation protection control (. Wat frequencies
less than I • G1z). The antenna for the vehicular radio set is a 3-m whip. Analysis and measurement have shown that the
50-W sye is able to produce power densities in excess of I mW/cm2 within 0.7 m of the antenna. This is the PEL for the
a-st restrictive porion of the SINCGARS frequency band. The SINCGARS is, therefore, subject to radiation protection
cuitrol.

(b) To prevent possible RFshock and bum, personnel should be instructed to avoid contact with the antenna.
"lMs sh!ck and burn avoidance procedure normally keeps a person's whole body well outside of the 0.7-m control range,
arki as -ich, conrAitutes adequate radiation protection for personnel using the SINCGARS.

(3) "-.nt Tactical Information Distribution System 'IIDS).

(a) Rdek ce3specfiesthatTHAADwillinteroperatewiththejTIDS. TheJTIDSutilizesa200Wpeakpower
transminWr operating over the frequency band of 960-1215 MHL There isa wide variation In available transmit powerand
frcquemyoutputoptions,and the option selected is prnmalydependent upon the numberofusers and amountof data flow
at a given time. A maximum transmitter duty cycle of 0.1 is normally estimated for the JTIDS, based upon all factors being
at wo.-A case. A 0.1 duty cycle results in a maximum average power output of 20 W.
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(b) A6-or9-dBi gain omnidirectional antenna is used with thesystem. Theselected antenna will bemounted
eitheron the roof of thecommunication shelter or on top of a telescoping 10-m mast. The radiation element of eitherantenna
is about 1-m long and 3 cm in diameter. The JTIDS will produce power density levels in excess of 10 mW/cm2 to a range
of 30 an from either antenna. The only practical RFR threat comes from possible RF-shock or burn produced by touching
the antenna during transmission.

Wc) Personnel will not normally be within the control range of the antenna. However, where contact with the
antenna is possible, RFshockand bumarea threat and personnel are instructed toavoid contact with theantenna. This shock
and burn avoidance procedure normally keeps a person's whole body well outside of the 30 cm control range and, as such,
constitutes adequate radiation protection for personnel using the ITIDS.

(4) Joint Surveillance and Target Acquisition Radar System (JSTARS).

(a) Reference 3 .secifies that THAAD will interoperate with the JSTARS. This system ,erves as a data link
transceiver which receives and processes near-real time radar target information about enemy follow-on forces. Two types
of RFR sources are used with JSTARS: the Surveillance Control Data Link (SCDL) and the AN/VRC-46 radio.

(b) The SCDL is a wide-band data link operating in the Ku frequency band. The SCDL has the capability of
transmitting in an uplink mode with an on-timedurationfoapproximately 25 msec Cosnputerdefau!tsein limit the uplink
ransmissam repetition-rate to once every 600 nsec. This low on4ime and repetition-rate ccnstitute a very low duty cycle and

resultant low average output power. TheSCDL utilizes a radcaw-covered directional antenna which can be mounted eitheron
a mast on kp of the shelleror ona 1-m ripod on theground. Actual tamiwnitt poweroutput and armna gain values ared ifid.

Wc) Power density levels can be emitted in the beam of the antenna for very short periods of time. However
due to the extremely low duty cycle of the transmitter, the maximum average power density level is much lower than the
10 mW/cm2 PEL. The SCDL is not subject to radiation prowteion controL

Md) The ANIVRC-46 Radio is used for disseminating battleield integence to approprite users. These radios
operate in the 30- MHz frequency band ata maximum poweroutput of35W. The3-m whip antennasused with these radios
aremounted on thecommunications shelterroof. PowerdeilevelsexceedingthePELofI mWlanci(mostcomservativePEL
in this band) can exist toa distance of 0.7 m from either antenna when the transmitteroperates at maxium poweroutpuL The
only practical RFR threat comes from posiblee RF-sbock or burn produced by touching the antenna during transmission.

e. Acoustical energy.

(1) Steady-state noise.

(a) A steady-state noise level of 85 dBA or greater is considered hazardous (references 27and 31). This limit
assumes no more than 8 hours per day of high noise levels. For exposure exceeding 8 hours per day, noise levels below 85
dBA may be hazardous (reference 31). Prolonged unprotected exposure to hazardous noise levels will cause loss of hearing.

(b) Theprincipalsteady-statenoisesourceson theTHAADareexpected tobe generators, tricks, MCPEand
winch drive motors.

Wc) Steady-state noise data at the operator's position and around the THAAD are not available, therefore,
assessientof this issueis not possible. Steady-state noise associated with theTHAAD must becollected in accordance with
MIL-STD-1474C (reference 32) to support an assessment of this issue.

Wd) The recommended design limit for steady-state noise is MIL-STD-1474C Category D (85 dBA) It should
be noted that for clarity in communications (speech intelligibility), Category E or F may be appropriate (reference 32).

(2) Impulse noise-

(a) An impulse noise in excess of 140 dBP is considered hazardous (references 27 and 31). Repeated,
unprokct exposure to hazardous impulse noise will cause permanent hearing loss. Exposure to impulse noise levels in
excess of Curve 7-, MIL-STD-1474C (reference 32), even when wearing hearing protective devices (HPDs), is considered
hazardous for hearing conseration purposes,

Wb) The potential sources of impulse noise on the THAAD are the rocket launcher and the AFES.

Wc) MIL-STD-1474C, Figure 10 (reference 32) lists design limits for exposure of personnel wearing HPYs in
terms of level, B-duration, and number of exposure per 24 hors.

Cd) Certain APES designs produce high impulse noise levels on activation. The noise source is the sudden
release of the pressurized (750 psi) halon through the valveand nozzle.Thenoise level atany location in theshelterwill vary
according to the distance and angle from the r,,zzle.

We) If the AFES currently used on Army tactical vehiles is employed on the THAAD, then existing data may
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be adequate to eva;uate this impulse noise hazard. This would entail the analysis of the present AFES data (references 33,
34, and 35) using the distances within the THAAD from nozzle locations to personnel positions.

(f) Impulse noise data at the THAAD operator's position and maintenance personnel locations are not
available; therefore, assessment of this issue iL not possible. Impulse noise associated with the THAAD must be collected
in accordance with MIL-STD-D1474C (reference 32) to support an assessment of this issue.

6. Rcmedtos

a. Chemical substances.

(1) Diesel fuel exhaust.

(a) Ensure that the design and purchase specifications for the final configuration of THAAD require airborn
concn ato itsubsanes, nomautterwhat thesource(e.g.,vehicleand electrkcgeneratorexhaust), iideoccpied spa,
vdidecabs, egeonara darcontrolareasand sheterstobezoelto thelowesdidkfraMfsib leandnottooweedait
Army adopted exposure limits in accordance with MIL-STD-1472D (reference 18) and AR 40-5 (reference 27). Compliance with
these requirements must be folowed during all operational modes induding extreme low temperature startup. Additnally,
provide iormation as to the use of suppleret heaters for vehdie cabs, engine blocks and batteries. No risk assessment code
(RAC) can be assigned at this time.

(b) Ensure that the final configuraion of the THAAD postons sourcesof aibornemntlainants (e, vehicles,
generatoesand othengineexhaus)asfarawayfromoccupiedshelftereaer,airomntdtoninventilationandNDCflersystem
air ihlets as possible in accordance with MIL-HDBK-759A (reference 12). No RAC can be assigned at this time.

(c) Provide a detailed system description and use/training scenarios for the final THAAD configuratio to
support completion of a final HHAR. No RAC can be assigned at this time.

(2) Rocket motor propellant and oxxlizer. No recommendations are recessary.

(3) Fire extinguishing agents.

(a) Ensurethat the designand purchase specificatons forthefinal configuration of the AADAF if used,
includes the current OTG policy (.e., theaverage concentration of Halon 1301 will no. exceed 7percent by volume, and the
exposure time fer personnel will not exceed 15 minutes). A RAC of 2 [Hazard Severity (HS) II, Hazard Probability (HP)Cl
is assigned for failure to comply.

(b) Provide detailed AFES design information, if used, fir the final THAAD configuration to support
completion of a final HHAR. The information should include the fire extinguishing agent concentration inside shelters
following AFES discharge and the locatfion of discharge nozzles. No RAC can be assigned at this time.

(4) Nuc!ear, biological, and chemical agents

(a) Ensure that the MCPE incerrorated into the THAAD is effec ve in providing an acceptable level of NBC
protection to personnel i.•.de occupied spaces/shelters. No RAC can be assigned at this time.

(b) Collect test data which measure dhe effectiveness of theTHAADMCPEto p•videan acceptable level of NBC
protecton to personnel inside occupied spaces/shelters. Test data should include that data collected during challenges with
ambient concentrations of chemical agent (or a suitable simulant) anticipated on a chemical battlefield duing typical THAAD
operations Such data must beprovided n the final configuratin of THA o Do tuppocompletion oa f•nai HHAIK NoRAC
can be assigned at this time.

(5) Off gassing

(a) Ensure that THAAD design and purchase specifications require shelter and/or control van construction
materials which will not release hazardousgases and vapors duringprolongedstorageorustat high temperatures. NoRAC
can be assigned at this time.

(b) Obtain a detailed list of T7IAAD shelter and/or control van consLruction materils and associated
manufacturers material safety data sheets to support the completion of a final HHAR. No RACcanbeassigned at this time.

b. Temperature extreme&

(1) Ensure that the design and purchase speifcations for the final configuration of THAAD incorpotes the
heating and air conditioning requirements for occupied shelters contained in MIL-STD-1472D (reference 18). No RAC can
be assigned at this time.

(2) Provide micraoduatic cooling for WAAD personnel if MCPE Is not included in the final configuratio of th2
system or peronnel are required to wear MOPP gear in shelters in an NBC environment Comply with the cooling
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requirements for such systems contained in M]L-STD-1472D (reference 18). No RAC can be assigned at this time.

(3) Collect test data which measures the effectiveness of the THAAD heating and airconditioning systems to meet
the heating and cooling requirements contained in MIL-STD-1472D (reference 18). Test data should include that data
collected during challenges at the upper and lower temperature extremes of the THAAD design operating temperature
range. Such data and detaiitd heating and cooling system design information must be provided on the final configuration
of THAAD to support completion of a final HHAR. No RAC can be as.igned at this time.

c. Oxygen deficiency.

(1) Ensure that the design and purchase specifications for the final configuration of THAAD incorporates the
ventilation rluiremnents foroccupied shelters contained in MILSID-1472D (referencel8). No RAC can beassigned at this time.

(2) Collect test data which measures the effectiveness of the THAAD ventilation system to meet or exceed the
ventilation requirements contained in MIL-S'ID•1472D (reference 18). Such data and detailed ventilation system design
information must be provided on the final configuration of THAAD to support completion of a final HHAR. No RAC can be
assined at this time.

d. Radiofrequency radiation.

(1) Theater Missile Defense-Ground Based Radar. Exclude personnel from the main-beam region of theantenna.
Automatic control of the beam direction and intensity (with selectable or variable features) should be specified/designed
into the system. A warning light should be used on the antenna assembly to warn personnel not to approach the antenna
when theantenna is transmitting. To prevent personnel from entering the radiation control area, RFR warning signs should
be placed alongany routes into thearea. The range cf control should bespecified as0.5, 1.4, or3.0 kmi or moredepending upon
the automatic ontrols, mission requirements, etc., that finally are specified for the system. A RACof 2 (HSU1I, HP C) is assigned
for failure to comply (this RAC applies only within the I A-kman e). The hazard seventy moves to III between IA and 3.0 km,
with higher RAC A RAC of 3 (1S III, HP 0 is assigned for failure to comply (between a range of 1.4 to 3.0 kim).

(2) The following specific- recommendations also apply to the TMD-GBR and affect the design and use of the
system. A RAC of 2 (HS II, HP C) is assigned for failure to comply.

(a) Maintain maximum control of all areas that could result in exposure to greater than 5-times the PEL

(b) The antenna assembly area should be located where operating personnel are not potentially exposed to
the radiating field within a range of 1.4 kin (required) and 3.0 km (ideally).

(c) All waveguide should be interlocked to prevent operation of the transmitter without all waveguide in
place and in good operating condition.

(3) SINCGARS, JTIDS, MSTARS. Warn personnel to avoid physical contact with the vehicular antennas of these
radio sets. A RAC of 5 (HS IV, HP C) is assigned for failure to comply.

e. Acoustical energy.

(1) Steady-state noise.

(a) Use Category D, MIL-STD-1474C, (<85 dBA) as the design goal forTHAAD steady-state noise at normal
operator positions. No RAC is required.

(b) Measure the steady-state noise levels associated with the THAAD at the operator's position, as outlined

in MIL-STD-1474C (reference 32), and provide a training senario. No RAC can be assigned at this time.

(2) Impulse noise.

(a) Use l4OdBP.CurveWMIL-STD-1474Castheiniti designgoal. Ifthe 40dBPlevelisunattainable, then
use the applicable limits for personrel using HDs. No RAC can be assigned at this time.

(b) If the AFES used in Army tactical vehicles is employed on the THAAD, measure the disunces from the
nozzle locabions to the personnel positions, and provide a training scenario. No RAC can be assigned at this time.

(c) If the AFES currently In use on tactical vehicles is not used on the THAAD, then measure the noise levels
associated with the THAAD AFES at the operator positions, as outlined in MIL-STD-1474C (reference 32), and provide a
training scenario. No RAC can be assigned at this time.

7. Preparerldentification. This IHHAR was completed by the USAEHA, Aberdeen ProvingGround, MD 21010-5422,
July 1991. The point of contact in the Directorate of Occupational and Environmental Health is the Health Hazard
Assessment Office, DSN 584-2925.
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INTRODUCTION

Occupationalhealth professionalsmust understand When you prepare to fight, you must prepare to talk.
both the auditory effects of noise and the proper ad- Youmustleamthatspeechwlllhdpsaveyoursituation.
ministration and philosophy of the US. Army's Hear- You must be ak-it atall iimes to let others know what is

ing Cos tion Pgram t pr p from happening tD you. You must use your brain ard your

noise-induced hearing loss. voice any time that any word of yotas will help you or
Casual observers of auditory py dear others. You --re a tactical unit and you must think ofyousdfthat way. Don't trytowinawarorcaptureahill

ing science assume that the eflects of noise on the allbyyoursef. Your action alone men nothing oat
auditory system are well understood. Unforttiaiely, bestverylittle. tiswhenyoutalktootheandtheotn
this is far from the truth because the auditory mecha- with you that your action becomes iportantz'
nism is stprtlingly complex. Advances in medical
technology are only now allowing us to elucidate the But, as is often the case, while the soldier's ability to
morphology and the function of the structu.-es of the speak on the battlefield is recognized, the second half
normal ear. Theories on the etiology of noise-induced of the communication equation--the ability to hear-
auditory damage are continually evolved and rede- is not- Sensitive hearing cannot be taken for granted in
fined as anatomical examination and ekcxtroysi- the army. Good hearing is particularly important when
ological-measutement techniques of auditory struc- vision is limited-in sentry duty and night patrols--or
tuius improve. Forexampleourunderstandingof the during communication over noisy electronic system.
effects of noise on hair cell stereocilia, fair cell syn- Hazardous noise pervades the military environ-
apses, the cochlear vascular supply, and the centrA ment, a soldier's ability to hear can be assaulted and
auditory pathways are still emerging.' Nuances re- damaged permanently even before basic training is
garding noise-induced hearing loss that are not yet completed. Most noise-induced hearing loss occurs
understood are more numerous tban the concepts that during routine trainingexerisesand thereforeshould be
areuniversallyaccepted. Detailsoitheunknownswill almost comiletely preventable.3 The need to consmve
not influence a practicing physician's ability to iden- hearing is especially important during practice and test
tify or treat a clinical learing loss. Yet, an understand- firings for soldiers who soon aftenwards must rely on
ing of the facts should greatly assist the physician in ther hearing to detect the enemy and to perform other
theevai|uationofcochlearfunctimnfollowingasoldier's communication requirements of the mission. The
or worker'sexpourto high-intensity (ie, loud) sound. increasing demand for weapons systems with greater
The physician's clinical tool is the audiogram, which speed, range, and firepower confounds the problem
depicts the hearing ability of the examinee in frquen- with higher and more-hazardous noise intensities.
cies (measured in hertz tHzl) and intensities (mea- In addition, military-industrial operations (which
sured in decibe• [dBI hearing threshold levels IHTLI). may include the manufacturing, maintenance, and

Preserving a person's ability to hear low-intensity testing of military ordnance) can also include noise
(ie, soft) sounds orspeechon the battlefield isofutmost hazards forboth military and civilian personnel. Except
importance to the fighting efficiecmy and safety of for largeialiber weapons testing, most military-indus-
soldier trial activities have counterparts in the private sector.

AUDITORY SENSATION

TIe transmission of sound through the ear (Figure stapes converts mechanical energy into hydraulic en-
7-1) involves a series of energy conversions. When ergy. Thefinalconversionofenergyoccursatthelevel
sound waves enter the ear canal, the tympanic mem- of the receptor cells of hearing, the hair cells, with the
brane is set into vibration. At this point, acoustic releaseof the neurotransmittersubstancesthat initiate
energy is converted into mechmkal energy. The vi- a chem electrical electrical impulse.
brations of the tympanic membrane are then trans- Abiefreviewofauditoryanatomy, whichempha-
ferred through tl,.e ossicular chain of the middle ear to size-, the innerearand cochcar mechanics, will help to
the inner ear. The process of articulation between the familiarize readers with the complex mechanisms of
tympanic membrane, the malleus, the incus, and the auditory injury.
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Auditory Anatomy The organ of Corti, which contains the hair cells,
supporting cells, and neural connections, is the key

The cochlea, or inner ear (Figure 7-2), a fluid-filled orpanof hearing. Itcontainsonerowofapproximately
medium that measures approximately I cn wide and 3,400 inner hair cells, and three to five rows of outer
5 mm long in humans, has 2.75 turns. It is separated hair cells totaling approximately 13,400 outer hair
into three channels by the bony labyrinth, the basilar cells.' Cilia on the hair cells are arranged in visually
membrane, and the Reissner membrane. The upper- distinct patterns (Figure 7-3): those on the inner hair
most channel-the scala vestibuli-and the lower- c-llsforma nearly straight row (Figure 7-4), and those
mostchannel-thescalatympani--ae filledwithneri- on the outerhaircells form a W-shaped pattern(Fg
lymph, a fluid with a high concentration of sol1m 7-5).Theoedliaontheouterhairctwsireembedded
and a low concentration of potassium. Perilymph firmly in the tectorlal membrane, while the cilia on the
resembles normal extracelhllar fluid in composition imer hair cells are not embedded and may only attach
and is near ground electrical potential. The medial loosely totheundemrfaceof thetectorialmembrane!
channel-the scala media, also known as the cochlear The cochlea is innervated by both afferent and
duct--is located between the basilar and the Reissner efferent neural fibers. Humans have approximately
membranes. This channel is filled with endolymph, a 18,000 cochwear afferent fibers; 95% of them innervate
fluid with high potassium and low sodium concentra- the inner hair cells and only 5% innervate the more
tions. Endolymph resembles intracellular fluid and numerous outer hair cells. The inner hair cells have a
has a positive electrical potential. Within the scala divergent -inervation pattern, in which each inner
n'edia, the organ of Corti rests on the basilar mer- hair cell is innervated by many fibers. The outer hair
brane. Thestria vascularis,ahighlyvascularized layer cells have a convergent system, in which one nerve
of tissue, lines the outer wall of the cochlea (on the fiber innervates many outer hair cells. The cell mor-
surface of the spiral ligament) and has a significant phelogy, neural in'ervatimn, and auditory functions
function in the production of endolymph. of inner and outer hair cells are quite different. In

Fig. 7-3. A scanning-eklctrm micrograph of the upper surface of the orpan of Corti with the tectora vwmbrane removed.
There are three rows of outer hair rells and one row of nner hair cels. Reprinted with peraission from Pickles 10. An
Introdudifm to the Pkysiol of Hearq.n. New York: Academic Press; 1982. C 1962. Academic Press, Orlando, Fla.
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Fig. 7-4. Thes-tervocili, tn the inner hair 'ils form a viualy distinct str,aight ruw. R.'prinkt with permissinm from Pickle,-
JO Ar InfrIu,:i, fi t,, the IPh. wohN-y o'f I firukz. New York: Academic Pres%; 1Q82.1- 1982. Academic Pre.s. Orlando. Fla.

Fig. 7-5. The" ,,terexuilia tn oiuter hair -ell, an' %maller an frnn a isu:ally distinct -V or "%V •onfliguratioin. P'hotograph.
Curit-, of !)unald Rourtsn, I'erth. Australia.
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general, audiologists believe that the outer hair cels electrical resistance of the hair cell membrane: the
activities are summed togethu- to provide increased resulting ion current flow through the membrane
auditory sensirtivity, while the inner hair c"l activi- changes the restinig voltage of the haircell. The move-
ties provide fine discrimination. ment of the cilia initiates the release of neurotransmit-

tersubstanceatthebaseoftherecepto cellandprompts
Codclea Mechanics the neuroelectrical transmission. of the signal.

Tbeaud sytmnlzsofrequencles (those
Mechanical movement of the stapes at the oval below 1500 Hz) and high frequencies (those above

window creates a fuid-pressure wave in the inner ear, 1500Hiz) differently (Figure 7-7). Diring sound stimu-
and the round window of the scala tympani acts as the lation, the frequency of the stimulus determines the
release outlet for the pressure wave. Bea -se iquid is siteof maximaldisplacementof thebasilarmiembrane.
anincoinresilmedium, thisdichotomnyof theoval High frequencies stimulate the basal portion of the
and round windows allows a pressure wave to dis- basilarnmemrawnearest theoval window, with rap-
Place the basilar membrane The location and ampli- idly decaying displacement. Thehigherthefrequency,
tudeof this dispLacement depend on the spectral corn- the closer the hair cell receptoI to the oval window.
ponents (le, the frequency and the intensity comn- Low-frequency sounds cause wider areas of displace
binations) of the stimulus. ment and stimulate a much larger area of the cochlea,

The pressure wave creates movement of the organ maximum displacemnent of the b&aslar membrane oc-
of Cortd on the basilar membrane with respect to the curs at its apical (upper) end. Physical characteristics
tectorial membrane. Because the tectorial membrane of the basilar membrane, most notably its increased
is anchored diferently than the basilar membrane, a width and reduced stiffness at the apical end, deter-
shearing motion is created between the two structures mine the resonant properties of thebasilarmernbrane.
(tectorial membrane and the organ of Corti), which The firequency-dependent points of maximum dis-,
results in the mechanical displacement of hair cell cilia placement along the basilar memibraneare dictated by
(Figure 7-6). The movement of the cilia alters the these physical characteristics.

Fig. 7-C Relationship between the tectorial memibrane and
cilia of outer hair cells At rest~, (lower illustration) the cilia
stand perpendicular to the tectorial memibrane surface of
theceL When pressure waves mnove the basilar membrane,
a shearing force acts to alte the angle of the cilia with
aepc to thekectoria uL mmraneNote uthatiia of theinner
hair cells are ghown to bend, not because of their tectorial
mnembrane attachment, but because of fluid mnotion. Re-
printed with permission from abs P, Ryan A. Physiolog
of the inner ear.ý In: Noltherni JL, ed. Hearing Diso,*rs.
Boston- Little, Drown. 1976: 95.
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5 SHORT WAVES iHIGH DISTORT REISSNER'S
FPEQUENCY. IJGH PITCH) MEMIIRANE AND BASILAR1. SOUND WAVES ACT AT BASFOf COCHLEA MEMBRANE OF COCHLEARIMPINGE O DUCT AND ITS CONTAINED

EAR DRUM.O 

AU
CAUSING IT 4. SOUND WAVES ORGAN OF CORTI, THUS
TO VIBRATE TRANSmMTTED LONG WAVES (LOW STIMULATING HAIR

UP SCALA FREOUENCY, LOW PITCH) CELLS WHICH ARE IN
3. STAPES VESTIBUlf IN ACT AT APEX OF COCHLEA CONTACT WITH THE
MOVES IN MEDIUM OF TECTORIAL MEMBtANE.
AND OUT ITS CONTAINED IMPUCSES THEN PASS
OF OVAL PERIYIAPH UP COCHLEAR NE

2. OSSrCLES WMNDOW
VIBRATE AS
A UNIT

b%

,
%% %

SC~t. TYMPANI ACROSS COCHILAR DUCT
S. U.t,'ACT Of V/AVE • MEDIU. OF ITS IN *EAtD.*U OF [NDOLYMPH,
C .: ME.MBRANE Of CO,'04ITAINFD FROM SCALA VESTISULI TO
ROUND VI,.-DOv" PE0itYm',,ti SCAIA TYM.tP.ANI :NOTE.
CAUSES IT TO cA'w" WAVES MA.. ALSO TIRAVEL
r4 AND OUT A? A;O4JD •LICOTREMAOUr4D V, IN AT APEX Of COCHLEA)4 O-,OStT[ ".%S! TO
OVAL VJ'-)OkV

Fig.7-7. Transmission of sound waves through the cochlea. Reprinted with permissio fom Otoogi diagnosis and
treatment of d ainioid Srmposu. 1870,22(2):42. Slide 1163. West CaldweU, NJ: CIBA-GEIGY.
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HEARING LOSS AND AUDITORY DAMAGE

Theauditorysystemalthoughsomnewhatsheltered Influs ofd he Oukramd Mlde Easrn ',Heui Lu
anatomically under the temporal bone at the base of
the skull, is not immune to environmental hazards. Although most discussions of noise-induced hear-
Prolonged or intense exposure to noise can be detri- mng loss focus on the damage that occurs in the inner
mental to the auditory system. ear, the outer and middle ears also play roles in noise-

induced hearing loss.7 The chaacteristics of the outer
Audiometric Threshold Shifts ear create frequency enhancement and those of

the middle ear create frequency selectivity. These
Noise alters auditory structure and function and two mechanisms help to explain why noise-induced

.causes a subsequent loss of hearing sensitivity known hearing loss is so often found at 3000 to 4000 Hz,
generally as a noise-induced hearing loss. The effects which audiologists describe as a classic "notch' on
maybe temporary or permanent. Typically, anaudio- the audiogram.
metric threshold (ie, the intensity, measured in dB The resonant characteristics of the ear canal, which
HTL, at which a human can jug detect a specific are determined by its length and volume, enhance
frequency) is measured both before and afteran expo- frequency in the following way. at 2500 to 3500 Hz,
sure to noise, and any measured difference in hearing which isthe earcanars resonant frequency, thesound-
sensitivity is referred to as a threshold shift. If the pressurelevel(dBSPL)(iethevariationofairpressur
threshold umesured after noise exposure recovers to due to a disturbance in the acoustic range) is increased
its preexposure sensitivity, the loss is referred to as a at the eardrum by 15 to 20 dB compared to the dB SPL
noise-induced temporary threshold shift (TIS). If the at the ear canal's entrance (Figure 7-8)! Thus, the
postexposure sensitivity of the threshold does not resonance of the ear canal provides a high-frequency
fully recover to its preexposure level, the loss is re- boost of energy that effectively changes the spectral
ferred to as a noise-induced permanent threshold shift components of any sound that enters it. Due to co-
(P'IS). chlear mechanics, an audiometric threshold loss oc-

For years, audiologists have known that a relation- cus one-half to one octave above the frequency of the
ship exss between theaudiometricfrequencyofnoise insulting noise; therefore, an energy boost at 2500 to
and theresulting frequencyofthemaximum threshold 3500 Hz and a resulting threshold loss at 3000 to 6000
shift. For high-intensity, pure-tone exposures, the Hz is consistent with this principle.
greatest threshold shift is most often demonstrated at By comparison, the middle ear inherently discrimi-
a frequency one-half to one octave ( ie, one-haf to one nates against certain frequencies. The transfer func-
doubling of the observed frequency) above the fre- tions of the middle ear allow the mid- to high-fre-
quency of the noise. For example, a noise at 2500 Hz quency sounds (defined here as those between 1500
would produce an audiometric shift at 4000 Hz. For and 4000 Hz) to pass through it more efficiently than
broad-bandnoisewithequalenergyinallbandwidths, the low-fequency sounds, with the low-frequency
however, the maximum threshold shift occurs be- sounds reaching the inner ear at a reduced intensity
tween 3000 and 6000 Hz. In mammals, this phenom- (relative to their intensity when they entered the ear
enon is explained by both cochlear mechanics and the canal). This allows sounds at frequencies greater than
location and maximum amplitude of the vibration of 1000 H-z to be transferred to the inner ear more easily.
thepartition(ie,thebasilarmembraneandtheorganof The physical alteration of sound before it reaches the
Corti). Cochlear partition vibration patterns do not inner ear is only partially responsible for different
increaselinearly with the amplitude ofthesound wave noise spectra that yield identical audiometric confgu-
at all frequencies. As the sound-wave amplitude (the rations, with hearing losses first measured at 3000 to
intensity of the noise) becomes greater, the vibration 4000 Hz.
becomes less localized and moves toward the basal Thenmiddle earcontains two muscles, the stapedius
portion of thecochiea.' This vibration damagesa locus and the tensor tympani, which contract reflexively in
of the cochlear partition that is mone basal than the response to sound. Early theories on the functions of
stimulating frequency, and causes a subsequent au- these muscles purpore that this acoustic reflex pro-
diometric loss at a frequency higher than that of the tectstheearfimkoudsomndsbecausewhentherelx
insulting noise. occurs, the middle ear is stiffened and becomes a less
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+ 20 Distinction Between Noise-Induced Hearing tis.
and Acoustic Trauma

0
Current literature on damage to the cochlear

0 structures is separated into distinct categories. noise-
200 induced hearing loss and acoustic trauma. These

Io categories may seem to be a contradiction in terms
4o 0 because acoustic trauma produces noise-induced

.40 n hearing loss. However, an understanding of the ana-
c tomical consequences of the two shows that the types

600. of injury are quite different.
Noise-induced hezing loss refers specifically to an

. _0o .____ _o_ _ injury that is caused by repeated exposures to moder-
20 50 100 200 SO5 1K 2K sK IOK 20K ate- or high-intensity noise. The noise may initially

FREouINcY Oh) cause only a TS, but at some point, the injury may
become a MT5. This type of hearing loss, regardless of
the frequencyof thenoisethatcaused it, usuallybegins

FagW 7-8- Curve A: Response characteristics of the auditory audiometrically at 3000 to 6000 Hz and spreads toboth
systemn. A minimum audibilitycurve has been inverted as if higher and lower frequencies. The mode of destruc-
a frequency-response curve had been Arun" on theauditory tion is more subtle, and the auditory effects evolve
system (actual thresholds, in dB SPL re 2 x 10-3 N/m2, are more slbl , than th auditry efPetholo e
shown on the right for reference). Curve B: A weighted more slowly, thanwith acoustic trauma. Pathological
response curve for sound-level masuremen changesmayin e (a)damagetointracelularst -
Sound pressure appearing at the eardrum as a function of tures and to the cilia of the receptor cells, (W) swelling
the pressure in the sound field. Reprinted from Durrant D. of the nerve endings, (c) changes in vascular pathways,
Anatomicalandphysiologiccorrelatesoftheeffectsofnoise (d) biochemical changes in the cochlea, and (e) cell
on hearing In: Lipscomb DM, ed. Noise and Audbkog. damage to the lateral wall of the cochlea in the stria
Baltimore University Park Press; 1978 (out of print). Photo- vascularis and spiral ligament
graph: Courtesy of John D. Durrant, Philadelphia, Penn. Damage to areas other than the receptor cells is

usually found only when hair cell loss is almost corn
plete. After the haircells are injured, neural degenera-

effective transmission system. Historically, this theory tion will appear. Some similar pathological injuries
has been criticized for the following reasons: appear in both structures (Figures 7-9 through 7-12).

Much of the research on theauditory effects of noise
"* The reflex response fatigues rapidly, making it has focused on the auditory periphery (ie, all the

ineffective for continuous sounds. anatomical structures of the auditory system excdud-
"* The muscle action is too slow (50-100 msec ing the cerebral cortices and the brainstem). The

fromlatencytoactivation) forimpulse sounds. central nervous system (CNS) response to noise in-
"* The reflex provides protection only at frequen- suit-or to any type of damage in the auditory periph-

des below 1000 to 1500 Hz. ery--is still being investigated. Knowledge of the
"* The reduction of sound transmission is too effects of hazardous noise on CNS function is expand-

small to have a protective effect. ing rapidly and new information on neural-feedback
systems to the ear and how to protect it from acoustic

The protective role of the muscles of the middle ear overstimulation is forthomring.
remains uncertain. Real-world stimuli, such as inter- Acoustic trauma refers to injuy that is caused by
mittent noise in a factory, may neutralize some of the impulse or impact sounds of short duration and high
above criticisms of reflex protection. For example, a intensity, which produce immediate, permanent hear-
noisemaybeef such short duration that the fatigue fac- ing loss. The mode is mechanical. All structures of
tor is rendered mootL Individual variability certainly the ear are vulnerable to mechanical damage, but the
exists in the degree of reflexive response. Numerous most susceptible is the organ of Corti Mechanical
scientific papers discuss the relationship of the acous- trauma to the auditory system usually consists of both
tic reflextonoise-induced hearing loss; promising new MTS and TIS components, but some audiometric re-
findings indicate that the role of the reflex in heafing covery (of the TIS component) may occur over a
may be more critical than was previously thought" period of weeks. The audiometric frequency of the
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Fig. 7-9. Thi% canning-vil'eawni microg-raplo shtv% a paitkrn often secen in bent stereoilia of an outer hair cell (arrows) and in
-%tereociliaa.fte¶ nore -A-% en.damage from purc-lonestimulation. Iatcheo ldarpagemnav extend over a full turnof the ctOclea.
Reprinted with per-miss'io n from I funter-lDuvr II. Su/itki NI, Mount R * . Anatomiical cha~nges. in theorgan of Cortiafteracoustic
--timitation. In. I lamt.-mik RE'. I lendersoin DSalvi R, eds. Ntv-1Persist tritvsu'nMv-, hLit of, 1I~ f'dunnyb.is.,. New~ork Rtaven Proiss 1Qtk2

Fi& 7-16.5kanning-cek'droi mnicrograph of tlhe ctihea ata 3JAN1 fold mag.nifieation ahtit 15 mm from its base in a guinea
pig exfo)% to irnpulw noise. S'n era! outer hair tells in the third row are missing. Tiuo hair cell-, (arrows) ha~ e mi~smig hair
bundlc%. Reprinted with licrin~issun fron- \ils-Ain P, lirland~on B,. l~akan'on I I. 1%,rssn A. IWer-,ill 1. Anaitomical changes-
in the c(Olea :if the guinea pig following industrial exposure. Its. I lamernik RV,.I lenderson D).Silvi R~eds. New 1's-rqsj, Iweý-
fil Noi..ce-Inefutce MuirbNt IN. ew York: Raven l'rvtss 1982.
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Fig. 7-11. This %anning-L'Ixtron micro~graph %ht'wsan area of disrupted cilia oft outer hair cells after a..ou,.tic !?timulation.
The pnroimit'v- of the cefl ha. allowed theivilia on ad jaent cells to e.ollide (arrows). Repniited with pe.rmission from I itinter-
IMvar IM, Su/tiki %I, Miount Ri. Anatomical changes- in the organ (it Corti after acoustic stimulatio~n. In: I farwernik RR'
I enderson 1). Silvi R. eds. Ncw I' 011ctic oil isc-lIgtlies Ilcari,,, Wo, New York: Raven P'ress; 198S2.

Fig. 7-12. "xinning-eleciton micrograph oif lient ind fu~ed stereticilia tin inner hair tells. Reprinted ith t perismsion trom
I iunter-iDuvar IM, Simiki %1. Mount Rj. Anatoniical change in the organ of Corti alter atoustio. stnimlation. In. 1 laniernil
RI'. I lenderstin 1). Solvi R. edis. Niv a ye ltr;cthrs on .\vi'c lInstut d ll-rtag~~zi'. New N ork. Raven l'rt-%%, 14.1Q.
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hearing loss may vary among individuals. Weapons fire asymmetrical hearing lossis lso not unusualafterexpo-
may cause an asymmetrical high-frequency hearing loss sureto thenoiseofanexplosion. Thereisagreaterchance
that is due to the protective "head shadow effect" 6ie, that the audiometric configuration after this type of
protection afforded the right ear by the shooter's own injury may be flatter; the pressure wave from an explo-
head andshoulder). Forexample the heaingloss would sion may also damage the middle ear and add a low-
be worse in the left ear for right-handed shooters. An frequency component to the hearing loss.

MECHANISMS OF AUDITORY INJURY

The major mechanisms of auditory injury are me- resultofdailyexpure,withdamagemorelikely
chanical and metabolic. Vascular injury may also to affect outer rather than inner hair cells; and
occur following noise exposure, but a specific injury 'an increase in the number of damaged sensory
mechanism has not yet been determined, cells with increasing noise exposure.

Mechanicaldamage,inwhichnoiseoverstimulation
directly injures cochlear structures, is caused by in- One theory attributed hair cell damage to exhaus-
tense noise of rapid onset and short duration and its tion of cytochemical or enzymatic materials after or
consequent acoustic trauma. Excessive force on the duringexposuretonoisetm Thisphysiochemicaltheory
cochlear partition creates excessive stresses and dis- is known as the metabolic exhaustion theory?' Nu-
placement, which tear and disrupt the cochlear struc- merous reports cite the apparent relationshipbetween
ture. Mechanical damage can include auditorydamageandmetabolicexhaustion. Morpho-

logical changes in hair cell structures (specifically, of
" injuring hair cells in the organ of Corti; mitochondria and of the endoplasrnic reticular sys-
"0 tearing the entire organ of Corti away from the tem) suggest that deficits occur in fuel utilization. in

basilar membrane so that it floats within the protein synthesis, and in energy production.' These
scala media' 5; metabolic or homeostatic disruptions, whether they

"0 rupturing the basilar membrane',; occur independently or collectively, are considered to
"0 rupturing the Reissner membrane, which al- result from exposure to excessive noise:, enzyme sys-

lows endolymph and perilymph to mix, creat- tems that are critical to these processes are found in
ing a biochemical environment that is toxic to noise-damaged cellular structures.' Cellular degen-
the receptor cells!'; eration follows severe insults of this type.

" tearing holes in the reticular lamina, allowing The metabolic theory of damage has become even
endolymph to flow into the organ of Corti' 7; more pertinent because new information changed our

"• ripping apart tight cell junctions; and view of the cochlea's role in auditory transduction."
" swelling and degeneration of hair cells, nerve Previously, the cochlea was thought to be a passive

fibers, and nerveendingsinthe organof Corti analyzer and transducer of sound. We now under-
at the apical and basal edges of the lesion."S stand that the cochlea has its own motile properties

and participates in an active transduction process that
Data from researchers who exposed chinchillas to requires energy to change hair cell and stereocilia

blasts demonstrate great variability in both sensory mechanical properties in response to sound. Because
cell loss and in the formation of sc3r tissue." This scar the hair cells are involved actively in sound transduc-
tissue prevents mixing of the cochlear fluids, and tionandanalysis, themetabolictheoryofdamagemay
therefore prevents additional sensory cell loss. have greater responsibility for the injury process than

Metabolic injury is manifested by disruption of was previously thought.
internal cell processes. Rather than the intense me- The auditory system has two independent vascular
chanical force associated with impulse noise, this type supplies: first, a dense capillary network, the stria
of damage is more often associated with slow, insidi- vascularis, which lines the outer wall of the scala
ous, noise-induced hearing loss. However, metabolic media, and second, radiating arterioles that serve the
damage also occurs after direct mechanical damage organ of Corti. The stria vascularis influences chemi-
from exposure to impulse noise." Characteristics of cal and oxygen balances to maintain endolymphatic
metabolic damage include metabolism, while the radiating arterioles provide

oxygen to the organ of Corti (Figure 7-13).
" injury to hair cells and af'"',rnt dendrites; Regional vascular abnormalities have been found
" degeneration of scattereu .,ensory cells, as a after exposure to excessive noise. The vascular theory
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ing the 1970s, the West German army used Dextran-40
to treat military personnel who had sustained acoustic
"trauma. Dextran-40 supposedly increased circulation
"to the cochlea, and thus was assumed to facilitate
the recovery process. While the reported results indi-
cated that the treatment was effective, the experimen-
tal design-the selection of subjects and the lack of
appropriate controls--limited the application of the

.. d Bkx rsults. 3

-Number of C m wInner and Outer Hair Cell Loss

SThe inner and outer hair cells are morphologically
and functionally different classes of cells. The two cell
types differ in their size, shape, cochlear organization,

Scell-support system, stereocilia pattern, resting poten-
sieq tial, and neural-innervation pattern. Their respective

C"o essing Luen roles in audition are still being studied, refined, and
changed.

Early cochiear dissection techniques provided in-
formation on hair cell counts, such as the number of
inner hair cells compared to the number of outer hair

Dw•wft icells that remained,.fter exposure to noise. Today we
are capable of more extensively analyzing cochlear
hair cells for their qualitative morphological changes
"as well as for quantitative changes after exposure to
noise. For example, simply counting the hair cells that

Vesseb Wft FOrs remain after exposure to noise is not conclusive be-
, i~e 8ood Cpusdtes cause myriad pathologies may exist in the remaining

hair cells.
Fi& 7-16. Schecatic representation of a cochlear vessel in It is still generally true that, following exposure to
which svbjecti,.ely e'.aluated vascular parameters are de- high-intensity noise, outer hair cell loss occurs before
picted. Reprinted with permission irom Axelsson A, Vertes inner hair cell loss. While outer hair cells are more
D. Histoitgcal findings in cochlea vessels after noise. In: suceptible to damage from noise, losing inner hair
Hamerrik RP, Henderson D, SAtvi R, eds. New Perspedtimes cells causesmuch greaterhearing lossthan does losing
on Neise-Inductd Hen ring Loss. New York Raven Press; 1982. an equal numberof outer haircells. Datafrom experi-

ments with chinchillas show that exposures to impulse
noise may produce lesions with massive outer haircell

Carbogen (9: 'oxygenaand 5% carbondioxide), rich in loss over 80% of the cochlea, but hearing sensitivity
oxygen compared toar-bient air, was inhaled in differ- losses in the same animals seldom exceed 40dB.' The
ent experimental noLse-exposure paradigms that ut!- dataalsoshowthat, wi.th. esionslocalized tothemiddle
lized both humans and chinchillas as subjects. The of the cochlea, hearing thresholds may be near normal
assumption was that increasing the oxygen available if outer hair cell loss does not exce-d 10% to 30%.1 In
to the cochlea would (a) offset the detrimental effects both instances, researchers found that the inner hair
of the vascular changes and (b) render the cochlear cells appeared quite normaL
"structures les susceptible to the hazards of noise. Muchofthesuscepti.bilityoftheouterhaircellscan
Both post- and prestimulatory carbogen inhala- beexplainedbytwonechanicalfactors:first, theouter
tion decreased ITS, increased recovery rate, and, in hair cells undergo greater diplacefrent due to their
chinchillas, decreased sensory cell damage. These location on the basilar membrane, and second, the tips
results were considered preliminary, although appar- ofthestereoaliaoftheouterhaircellsareemibeddedin
"ently litfle follow-up research has been conducted in the undersurface of the tectorial membrane, which
this a allows more direct, mechanical movement and conse-

Another study tested the drug Dextran-40, but the quent stress in contrast, the ciia of the inner hair cells
"evidence,although promising, was incodnusive.'* Dur- are notembedded in the tectorial membrane, and their
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movement occurs not from mechanical linkage but its and their consequent associated risks. These crite-
from eddy current through the endolymph. ria are based predominantly on animal 2xperimenta-

An additional factor that may play a role in this tion in which damage, possibly TrS, occurred over a
susceptibility is the pattern of neural innervation. The period of days to weeks. Real-world noise exposures
outer hair cells are innervated directly by efferent experienced by humans in their workplaces, can last
neuralfibers. Although therole of theefferent fibersis for40 ormore yearsand produce PTS. In thedamage-
still being studied, without them, the susceptibility of risk criteria process, TrS measures are utilized and
the outer hair cells may be even greater. those resultsare extrapolated to PTS. Three postulates

Outer •air cells are aso known to be more suscep- relating TrS and PTS were developed for the purposes
tible to ototoxic drugs than are inner hair cells, so the of defining damage-risk criteria:
outer hair cells' increased susceptibility to noise is
probably due to more th-.n just mechanical or neural 1. TTS 2 minutes after exposure is a consistent
factors. Specific metabolic processes of outer hair cells measure of the effects of a single day's noise
that differentiate them from inner hair cells appear to exposure.
bepartially, if not entirely, responsible, but these meta- 2. AU exposures that produce a given TIS2 min-
bolic processes have yet to be delineated. utes after exposure are equally hazardous.

3. TIS 2 minutes after I day's exposure is ap-
Stereocilia and Rootlet Damage proximately equal to PTS after 10 or more

years' exposure.-v
After the composition and structure of stereocilia

were identified, researchers investigated morphologi- The correlation of MTSand PTS continues to concern
cal changes in stereocilia that followed exposure to researchers in auditory science. The time constraints
noise.-'3s Hair cell stereocilia are actin filaments, with of following the course of human hearing over a 25- to
crossbridgesbetween filamentsproviding rigidity tothe 40-year history of occupational noise exposure seems
stereocila. The movement of the stereocilia causes ion to ensure that studies on animals and TUS measure-
flow across the hair cell membrane and a subsequent ments will continue as methods of auditory research
voltage change: this is thought to initiate the release of into the next century.
the neurotransmitter substance. The stereocilia are New information isprovidingsomeinsight intothe
very vulnerable to trauma from noise and may repre- physiological relationships and differences between
sent the weak link in the process of auditory transduc- PTSand TTS. Thebiological bases of PTS are relatively
tion. Electro. .nicroscopic studies suggest that the weldefined--stereociliadamagewithchangesinroot-
rootlet structures, which anchor the cilia within the let structure and hair cell bodies-aand pathological
hair cell, are particularly susceptible to noise. conditions of stereocilia probably account for most

When PTS and stereocilia damage are correlated, M'S. Quitesimplyifthereisnotransductionprocess
most PTS can be directly linked to stereocilia damage. at the level of the sensory cell itself, there will be no
Following acoustic injury, subcellular stereocilia pa- response to auditory stimuli.
thology can be found on hair cells that otherwise However, the biological bases of reversible TTS are
appear to be normal. ' Permanent damage to stereo- subtle indeed' and many factors may be responsible.
cilia is documented in numerous studies and includes Several studies suggest that rootlet damage to
disarray, fusion, loss of the bundle, scarring of the stereocilia may change cochlear micromexhanics and
bundles, and the appearance of floppy, giant, elon- beresponsibleforTUS. Subtlechangesinthestereociia
gated stereocilia. thatimaybe transient in nature, such as initial stiffness

or disarray of the stereocilia, are also under investiga-
Temporary and Permanent Threshold Shifts tion. Some potentially reversible factors include vas-

cular changes, metabolic exhaustion, and chemical
Noise can affect hearing either temporarily or per- changes in the hair cells.

manently. Repeated TTS will presumably lead to PIS,
although this presumption assumes that individual Correlation Between the Audiogram and
susceptibility to TUS and PTM are similar. Evidence Histological Damage
from controlled laboratory, experiments that demon-
strate this relationship has not yet been acquired, A. -. , gram does not accurately predict either
although the hypothesis appears logicaL co00.1 pathology or the integrity of the inner ear.

TTS studies are important in assessing noise haz- Health professionals who are responsible foridentify-
ards. Damage-risk criteria specify noise-exposure lim- ing noise-induced hearing loss rely on the audiogram
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for determining cochlear damage, but they generally pattern of cochlear pathology from an audiogram."
do not understand that the audiometric configuration The fact that a patient can hear does not mean that the
doesnot completelyreflect thecellularconditionof the cochlea is not damaged. An audiogram will provide
cochlea. There may be considerable,.ochlear damage the physician with a complete picture of a person's
in the apical region, with normal hearing registered in hearing as measured by an audiometer, but physicians
the low-frequency portion of an audiogram."-"' In should not make the intuitive leap and assume that
fact, it is probably impossible to predict the complex there is no cochlear pathology.

SUSCEPTIBILITY TO NOISE-INDUCED HEARING LOSS

For years, researchers have been interested in the Combinations of Continuous and Impulse Noise
many individual differences in susceptibility to noi-se-
induced hearing loss. Demographicstudiesshowa 50- Demographic studies indicate that the develop-
to-6dB variability in hearing tbieshold shifts among ment of hearing loss may be accelerated when indi-
individualswithanidenticalhistoryofindustrialnoise viduals are exposed to noise environments that con-
exposure"' While demographic studies are limited tain both continuous and impulse noise, compared
in their reconstruction of individuals' complete audi- with exposure to continuous noise alone." These
tory histories, the variation in susceptibility to noise- demographic studies support data from controlled
induced hearing loss is nonetheless astounding. A laboratory experiments. Workers exposed to impact
number of anatomical factors may contribute to this and continuous noisealsoshow extremevariability in
variability, such as qualities of tympanic membranes, the incidence of PTM." The literature supports an
individual differences in the contours of ear canals, interaction between continuous and impulse noise
middle ear characteristics, and the sensitivity of the under specific conditions: when impulse levels are
muscles of the middle ear. However, these factors greater than 147 dB SPL, and when the two noise
alone do not account for the magnitude of variability, types overlap both spectrally and temporally.ý' This

Until this variability is well understood, our ability has particularimportance toarmored divisions, which
to identify damage-risk criteria will remain inexact. A are often exposed to continuous- and impulse-noise
combination of several factors probably determines combinations.
susceptibility to auditory damage, although each
factor's relative influence is as yet undefined. A clni- Intermittent Noise
cal battery of auditbry tests or a mathematical or
statistical model tha: incorporates the predictive ef- For the same total energy transmitted, intermittent
fects of each factor may ultimately be developed. noise is thought to produce less hearing loss than

Temilitary would greatly benefit if thosesoldiers continuous noise. Researchers experimenting with
whoareat risk for noise-irnduced hearing losscould be chinctillas found that intermittent exposures to noise
identified. Identifying and following the soldiers who produce less temporaryand peanet aing loss and
are susceptible could save money by eliminating the lesscochleardamage than continuous exposure to noise
need to retrain them for other jobs. Awareness of a of an equal energy. Two variables, which they found
predisposition to noise-induced hearing loss could must be considered with intermittent noise, are (1)
also influence early counseling on career choices.' recovery during the noise off-time (quiet time) and (2)
Soldiers with a high susceptibility require an emphasis reduced adaptation of the acoustic reflex.• Recently,
on auditory management, a more frequent review of another investigator reported that intermittent expo-
hearing acuity, and more intensive training in the care sures appear to make !he ear more resistive to noise
and use of hearing protectors. injury, exposure to low-intensity noise for several days

may reduce the amount of P1S from exposure to a
Stimuli Variables higher-intesity noise Thescientific wodd awaits fur-

ther devlopments regarding this new information.
Noise-induced hearing loss may be affected by the

following stimuli variables: (a) combinations of con- Exposure Frequency
tinuous and impulse noise, (b) inLermittent noise (6e,
noise that has a rest time), and (c) exposure frequency Generally, tor noise exposure of a moderate inten-
(in Hz). sity, high-frequency sound damages a restricted area
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of the basal region of the cochlea. and low-frequency depend both on the intensity of the noise and the
sound damages both basal and apical areas of the dosage of the drug. Thus, a patient receiving
cochlea. In experiments with chinchillas, researchers aminoglycosides should be considered to be at in-
haveanalyzed cochlear damage related to (a) continu- creased risk of a threshold shift when he or she is
ous exposure to low-frequency noise, (b) continuous exposed to loud noise.
exposure to high-frequency noise, and (c) interrupted Cisplatin, a drug used in the treatment of some
noiseexposures. 1'

7
A High-frequency (inthis instanc., cancers, can also significantly increase auditory dam-

a range of frequencies with a center frequency of 4000 age from noise. Again, the magnitude of the interac-
Hz), moderate-intensity noise caused damage in the tiondependsontheintensityofthenoise. Studieswith
region of the organ of Corti that is basal to the fre- animals show high concentrations of cisplatin in the
quency location of the basiiar membrane that was stria vascularis and identify this area as the site of the
tuned to that exposure. As the intensity increased, pathophysiology.'
damage spread both basally and apically. Low-fre- Salicylates, which are associated with temporary
quency (a range of frequencies with a center frequency hearing loss and tinnitus, have also been implicated in
of 500 Hz), moderate-intensity noise caused damage causing an increase of TIS when taken in conjunction
predominantlytotheouterhaircellsinabroadareaof with noise cxposure. However, salicylates have not
the low-frequencyregion. Asdurationandintensityof shown an increase in PMS with noise exP.-._?' The
the noise increased, the damage included more outer debate over possible synergy between salicylates and
haircells,withadditionallesionsinthehigh-frequency noise continues.
basal portion of the cochlea. The damage was more
severe in the basal area than in the apex, and was also Physicd Chanrstics
more severe than the damage caused by the high-
frequency exposures. The loss of in-ner hair cells did Physical characteristics that have been studied rela-
not begin to occur until many outer hair cells were tive to noise-induced hearing damage are (a) melanin
damaged. (From30%to50% of theouterhaircellsmay content, (b) age, and (c) serum magnesium levels.
bemissing in the apical region of the cochlea before the Melanin is present in theinnerearand isassumed tobe
low-frequency thresholds are affected.) Inerestingly, involved in the normal function of the auditory sys-
when interrupted low-frequency noise was presented tem,althoughitsexact rolei-undeflned. Furthermore,
tothe chinchillas (6hofnoisewith l8hofrest),damage the relationship of the melanin content in the irisor the
in the low-frequency region of the cochlea was re- skin to the melanin content in the ear has not yet been
duced significantly. No such protective effect was established. Several studies have investigated !he
found for loss in the high-frequency region. This relationship of meanin to noise-induced hearing loss,
relationship is consistent with the 4000-Hz notch that and assert that individuals with less melanin in their
first appears on an audiograin from noise-induced irises (those with blue or green eye) exhibit more
hearing loss, regardless of the frequency of the insult- noise-induced hearing loss than those with brown
ing noise. eyes. Similarly, retrospective studies of black and

white industrial coworkers have suggested that black
Variables That Affect Susceptibility workers experience less hearing loss than white work-

ers. But the differences may not be industry related
Factors that affect susceptibility to noise-induced and thereappears tobe little evidencethateyecoloror

hearing loss are (a) ototoxic drugs, (b) physical charac- skin pigmentation can accurately predict an
teristics, (c) previous noise-induced hearing loss, (d) individual's susceptibility to noise-induced hearing
vibration, and (e) other variables, loss.'5

Unlikethe tenuous relationship of melanin to noise-
Ototoxic Dnru induced heawing loss, however, strong support exists

forage-dependent changes insuscetbility. Evidence
The aminoglycoside antibiotics streptomycin and from studies with animals indicates that once the

neomycin produce more auditory sensory damage auditoyperipheryisfully developed, the younger the
when combined with noise than they do when theyare animal, the greater the damage from noise exposures
administered without noise"M'•' Aminoglycoside Studieson miceshowthatthegreatesthearing loss for
therapy may destroy sensory hair cells and the stria younger animals occurs only at the higher-intensity
vascularis of the cochlea, although the magnitude of exposures.'s We assumr that the hearing losses from
the interaction between noiseand thedrugsap, -sto noise exposure and age (presbycusis) combine; this is
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the basis for using age-corrected hearing thresholds in all affecting agents. For example, gender, hormonal
compensation cases. cycles and oral contraceptive useo` levels of carbon

Similarly, studies with animals suggest a relation- monoxide,5' air temperature, and cigarette smokinge
ship between serum magnesium levels and differ- have all been investigated regarding their interaction
ences in the susceptibility to noise-induced hearing with noise-induced threshold shifts. The psychologi-
loss. Magnesium is present in perilymph, and a defi- cal role of noise as a stressor and the alteration of the
ciency in mnignesium has been linked to enegy deple- physiological processes mediated by the autonomic,
tion and irreversible damage to the hair cells% - central nervous, and endocrine systems have been

reviewed.- The general theme of research in this area
Previous Noise-Induced Hearing Loss is the interaction of noise with conditions that result in

peripheral vasoconstriction, an elevated heart rate,
People who have a history of previous noise-in- and increased blood pressure.5 '

duced hearing loss appear to have unchanged suscep-
tibility to additional noise-induced hearing loss. Gen- Future Research Objectives
emily, one can expect to find less TrS as preexposure
hearing threshold level increases. Literature on this Muchoftheliteratureonthephysiologicaleffectsof
subjectcondudesthat(a)whentheregionofthebasilar noise consists of data obtained from animals during
membrane that was injured by prior noise exposure relatively short exposures (days or weeks). Studies
coincides with the region that is affected by current paralleling the damage to hearing that accumulates
noise exposure, the threshold shift is less in the im- over a worker's lifetime in the real world are needed
paired ear, but the resultant shifted thresholds are and should address
identical.. and (b) when the region of the basilar mem-
brane that was injured by prior noise does not coincide * models to predict hearing loss based on cellular
with the region that is affected by the current noise damage relative to exposuecharacteristics¶

exposure, the total region of damage is the simple sum * greaterstudyofexposuretolow-intensity noise
of the two.' emphasizing metaboliccdamagebecausemany

studies report on high-intensity exposures and
Vibration and Other Variables emphasize mechanical damage;

o systematic descriptions that trace the physi-
Vibration hasa small,consistentminoreffect on the ological pathways of cellular injury and cellu-

sensitivity of human hearing!' Although researchers lardegeneration quantitativelyto-.mproveour
have found evidence of a relationship between noise understanding of the mechanisms that cause
and whole-body vibration, the degree of interaction the anatomical change';
appears small! A recent investigation of noise and * determinationofcritical levels fordamagefromvibration interaction in chinchillas demonstrated rela- various types of noise;
tively small and inconsistent effects on hearing and * fur-flerrefinementoftherelationshipbetween
sensory cell populations. The researchers concluded TUS and MTS and their accompanying ana-
that "an increased risk of noise-induced hearing loss tomical correlates; and
from vibrations in the industrial population is prob- * further investigation of interactive agents and
ably relatively small."' environmental stressors that can affect noise-

The preceding variables are in no way inclusive of induced hearing loss.

HEARING IMPAIRMENT IN THE US. ARMY

Noise-induced hearing lossisoneof themostpreva- The Hearing-Lou Prevalence Study
lent occupational health impairments in thearmy. The
magnitude of the problem can be estimated from the In 1975,audiometric data wereobtained from 3,000
following sources: (a) a hearing-loss prevalence study enlisted men representing three combat branches (in-
conducied in 1975, (b) hearing-loss data from the US. fantry, armor, and artillery) and five time-in-service
Army's Hearing Evaluation Automated Registry Sys- categories.! In this prevalence study, significant hear-
tem (HEARS), and (c) compensation expenditures. ing loss was defined as that decrement in hearing that
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enabledasoldiertoqualLyforanH-2profileorworse. warrant officers and 6% of all enlisted and officer
A detailed discussion of the hearing-profile system is personnel in HEARS have an H-3 or worse hearing
beyond the scope of this chapte; however, the severity profile. This H-3 profile signies a subsatial heang
of hearing loss that a soldier must exhibit to obtain an loss, for which some soldiers may require both a hear-
H-2 profile can be illustrated: the upper limit of an H- ing aid and reclassification from a noise-hazardous
I profiledefines the hearing sensitivity of a 70-year-old occupation. If all of these individuals were reassigned
man. to jobs that were free of noise hazards, the disruptions

This prevalence study produced the following sa- in work schedules and increased training costs would
lient findings be substantial. Although data on training costs are

calculated on a case-by-case basis and are not readily
" Approximately 20% to 30% of all combat-arms available through medical channels, high costs would

personnel with more than 1.5 years of service be incurred by training personnel for entry into the
had significant hearing losses, noise-hazardous specialty, retraining personnel for

"* OverSO%ofcombat-armspersonnelwithmore reassignment toa noise-free jobspecialty, and training
than 15 years of service (the army's senior the replacement personnel in the original noise-haz-
noncommissioned officers) had significant ardous specialty.-

hearing losses. The prevalence of hearing loss among civilians is
"• The prevalence of hearing loss was roughly the calculated in HEARS under the Department of Labor

same in all three combat-arms branches. (DOL) hearing-loss formula in temsof the percentage
"• A substantial difference existed between the of hearing loss and potential monetarycompensation.

prevalence of hearing loss according to time- Of the 82,716 civilians in HEARS, 13,449 (16%) have
i-servc and this difference could not be potentially compensable hearing levels, as caculated
explained on the basis of age. from the results of their last hearing test" Currently,

"* Most soldiers did not carry the appropriate the army's potential compensation liability would to-
profile for hearing; for example, the calculated tal approximately $93 million if all 13,449 individuals
profilefromtheirlasthearingtest wasdifferent filed and were found to be compensable."
from the profile assigned to them?

Compesa Expenditure
An update of this prevalence study is long overdue.

After validation studies for threshold determination Although thefiguresdonot reflect themore impor-
and more extensive analysis of personnel databases tant factors-decreased quality of life and decreased
have been done, HEARS data will be used to reexam- job perfom ance-that are associated with communi-
ine hearing-loss prevalence in the army. cation handicaps from hearing loss, the DoD's com-

pensation expenditures have been staggering (Fgure
The Hearing Evaluaton Automated istry 7-19)W In 1990, the army was credited for39X71 of the
System total62,O12cases ofprimaryhearing-ossdisability(ie,

whenhearingossisthegmtesto onlydisability)and
Approximately 500,M00 Department of the Army for 91,443 of the 171,192 secondary disabilities Oe,

(DA) military and civilian personnel are reported tobe when hearing loss is one of several compensable dis-
exposed routinely to hazardous noise."' From 198D to abilities) (Figure 7-20)"' But two additional points
1990, almost2million audiometric evaluations of these must be noted: (1) there are undetermined expendi-
individuals were accumulated in a mainframe data- tures for other disabilities computed into the pinuary
baseatFortDetrickMaryland. However, poorpartici- hearing-loss figures, and (2) these expenditures are
pation in HEA16 has limited the value of the data that funded through a separate Veterans Administration
demonstrate its effectiveness. Figure 7-17 compares (VA) budget to which DoD agencies are not account-
particiption in the registry as a function of rank for able
enlidpersonnelandFlgure7-18comparmsthepr, a- In F& ary 197, theDOl[ which adminstswoc-
lenceof hearing iosby rank. Similarpattemsexist for ers compensation for all civilian federal employees,
commissioned officers and warrant officers. By 1969, adoptedthehearinog-impaimrentformulaoftheAwmea-
only 41% of all active-duty personnel were enrolld in can Academy of Otolaryngology. The new formula
HEARS. Even with this limited participation, the data added 500 -ztothefrequencies 1000Hz, 200 HZ, and
indkate a high prevalence of hearing loss among mili- 3000 Hz that were already in use. Since 500 Hz is a
tary personnel. For example, 10% of all active-duty frequency that is Less affected by noise, the use of this
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Fg.7-17. Percentages of enlisted -oldiers with a referenceaudiogram asa function of rank. An untimely referenceaudiogramand lack of sub*•ooquent audiometric monito•ring precludes early detection of hearing loss. Sourcen Ibonahue AM. tt1mrio.N

Cuu:imntiu: Data Pwfih'. Aberdeen Proving Ground, Md: US Army Environmental Hygiene Agency; 1991. Arm ywide
databa.e 5I-.-0.51-91.

Fig. 7-18. Percentage c• enlisted %oldiers with a hearing profile worse than H-2 as a function of rank. The prevalhnwe of
hearing loss inciases with rank and presumably with time in service. Th.-s increa.ss are not attributable to aging. Source:
Donahue AM- I hsritg CinM'rvation Data Proftld. Aberdeen Prlving Ground, Md. US Army Environmental Hlygiene Agency.;
l'- I. Armnwide da:aba.se 51-344)251-91.
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Fig. 7-19. Expenditures over the last 22
years for veterans inallservices receiv-
ing hearing-loss compensation who
had bearing loss as their primary dis-
ability. In the calendar year 1990, the

- *~. armyaccountedfor67% ($138,138,804)
of totlpimasabilityexpenditures
($205,733,820). The total cost
(52,481,817A08) for 1969 to 1990 does
not include expenditures for second-
ary-disability cases of bearing loss.
SourcefDonahue AM. Heaing CWLer
vation Daita Profile. Aberdeen Proving
Ground, Md: USArmy Environmiental
Hygiene Agency; 1991. Armywideda-
tabase 51-344M251-91.

Fig. 7-20. The distribution of hearing-
loss disability cases (primnary and sec-
ondary) among the services. Veterans

areincluded forcalendaryearl99Oonly.
Source. Donahoe AM. Hearing Conser-

vation Date Profile. Aberdeen Proving
Ground, Md: US Army Environmental
Hygiene Agency, 1991. Armywide da-
tabase 51-34-0251-91.
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formula reduced the number of awarded compensa- the army was twice as high as the rate in the total federal
tion claims for that year (Figure 7-21). government (4% versus 2%)!1 Moreover, since all civil-

The latest data available from fiscal year 1990 show ian compensation isachargeback to the original agency,
that the hearing-loss bill for all government agencies there is concern for reducing compensation at the DA
totaled $27,451,585, which constitutes 2% of the total level, where, in turn, charge backs are being directed
monies paid fr all forns of compensationW40,900764). downtothemajorcommand leveland,eventuallyto the
The army was charged for 23% ($6,3605) of the total installation. Current data portray a problem of sizable
hearing-lossbifl, and accmunted for 17% (908) ofthe5,375 proportions;nevertheles, organizational accoumtability
cases adjudicated. Onaveragetherateofhearinglossin is linked to an accurate definition of this problem.

HEARING CONSERVATION IN THE US. ARMY

Noise-induced hearing loss is not a recent phenorn- and advice in the medical, engineerin& and adminis-
enon in the army, nor are efforts to prevent it. Al- trative aspects of hearing conservation.
thoughitmayseemtobecontradictorynoise-induced While the Bio-Acoustics Division was concerned
hearing loss and measures to prevent it have coexisted with studying operational noise problems and moni-
for almost five decades. As the magnitude of this toning the effectiveness of the Hearing Conservation
problem indicates, the army's efforts to prevent noise- Program, other laboratories were established, includ-
inducedhearinglosshavenotbeenentirelysuc essful. ing the US. Army Audiology ad Speech Center at

The development of military hearing conservation Walter Reed Army Medical Centew, Washington, D.C.;
programs has been linked to the evolution of special- the U.S. Army Aeromedical Research Laboratory, Fort
ties in the fields of audition, speech science, Rucker, Alabama; and the Human Engineering Labo-
psychoacoustics, and bioacousticsý' Milestones for ratory, Aberdeen Proving Ground, Maryland. These
armyhearingconservationprograms canalsobelinked laboratories were established to investigate noise-re-
to the establishment of facilities and the publication of lated problems involving protective equipment de-
key hearing conservation documents. sign, hearing loss, hearing protection, auraldetectabil-

ity, performance decrements caused by hearing loss,
Facilities and aural rehabilitation.

Early army initiatives can be traced back to Decem- Military Audiology and Other Disciplines
ber 1941, when a research facility at Fort Knox, Ken-
tucky, was established. Topics of investigation in- The specialty of audiology emerged from aural-
cluded the effects of noise on personnel efficiency, the rehabilitationcentersthatwereestablishedafterWorld
natureofthetemporarydeafnessthatwascausedbytank Warl. Bythe late 1960s, there were I audiologistson
noise, and the physiological adaptation to tank noise. active duty."'"Today, morethan 65officersservedual
In August 1944, a project that addressed these topics roles as clinical audiologists assigned to army hospi-
recommended that gun crews, gunnery instructors, and tals or other medical installations or activities, and
other personnel who were exposed regularly to gunfire hearing-conservation officers who assist the local pre-
blasts be provided with hearing-protective devices. ventive medicine officer. They have the general re-
Thearmyprocuredasingle-flangeearplug the V-51R, sponsibilities of monitoring and implementing the
for general issue to those who required protection. local Hearing Conservation Program. In this role, the

In 1942, the forerunner of the US. Army Environ- audiologististhe responsibleactionofficer forhearing
mental Hygiene Agency (USAEIA), the Industrial conservation.
Hygiene Agency, was established atTheJohnsHoplins Because it is impossible for any one action officer to
University. For thenext 27years, hearingconservation perform all hearing-conservation functions, the army
waslargelyan industrial hygiene function, both within employsa team approach. Although thedisposition of
this agency and in the field, with an emphasis on the resources is at the discretion of local commanders,
identification of noise hazards. In 1969, a military program responsibilities for other related disciplines
audiologist was assigned to the USAEHA, which was have evolved:
then located at Edgewood Arsenal, Maryland. In that
same year, the Bio-Acoustics Division was created at • Industrial hygienistshavetheprimaryrespon-
the agency with the mission to provide consultation sibility or noise-hazard evaluation, and work
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closely with facilities engineers to design and (OSHAct).5 The noise section contained fewer than
retrofit engineering noise controls. 350 words, with a key provision that required a "con

" Occupational health nurses perform medical tinuing, effective hearing conservation program"
procedures such as fitting earplugs and pro- whenever a table of allowable levels and durations
vidingaudiometrictesigforthecivilianpopu- was exceeded' 5 After a protracted process of debate
lation, and manage prgrams in the absence of and comment on the specific requirements necessary
audiologists, for this Erogram, a final noise standard was published

" Safetypersonnelperformavitalroleinposting in 1983.'6 The DoD implemented the directives of the
areas and equipment and enforcing the use of 1983 Federal Noise Amendment in an update of the
hearing protectors. DoDI, which was published under a new designation,

"0 Occupational health physicians have the final DoDI6055.12.n Including policyissuessuch asassign-
word in medical decisions and recommenda- ing specifi: responsibilities has upgraded the army's
lions. implementing document to DA pamphlet status, des-

"* Physician assistants, military corpsmen, civil- ignated as DA PAM 40-501.0
ian health technicians, and others also assist in
accomplishing HearingConservationProgram Noise-Hazard Criteria
responsibilitie

Mostaspects of noise-hazard evaluationin thearmy
Key Documents mirror those in the private sector, although some as-

pects are militarily unique. Both in private industry
Noisestandards(ie,requirementsforprogram imple- and in thearmy's program, industrial hygiene person-

mentation by the federal government) and documents nel evaluate potential hazards with noise-measuring
that implement hearing conservation programs repre- equipment that is calibrated to the standards of the
sent significant milestones in the development of these American National Standards Institute." Unique fea-
programs. The first document with standards was tures of the army program include more stringent
U.S. Air Force Regulation 160-3, which was issued in noise-exposure criteria and the pemrasiveness of high-
1956." For the next 25 years, the air force maintained intensity, impulse-noise sources.
the most well-established hearing conservation pro- The army has established noise-exposure criteria
gram in the military. according to the specific type of noise: (a) continuous,

The army issued an implementing document in (b) airborne high-frequency and ultrasonic, and (c)
1956 and revised it in 1965 and 1972V" However, the impulse.
U.S. Army's Technical Bulletin, Noiseand Conseration For continuous noise, the army employs a modified
ofHearing, known as TB MED 251, did not include the version of the DoD criterion: as exposure time is
HearingConservation Program requirements, butonly doubled, a 4-dB decrease in intensity is enforced or
recommendations for its implementation. The re- suggested. For example, 85 dBA 0ie, a weighting
quirements for a program were outlined in a basic network for hearing-conservation-exp crite-
preventive medicine regulation, US. Army Regula- ria) is hazardous for 8 hours, so 89 dBA is hazardous
tion (AR) 40-5, which referred to the technical bulle- for4hours. Thesecriteria havealsobeenextrapolated
tin.' Unfortunately, because only a program outline for noise exposure for longer than 8 hours. Theestab-
was required by the regulation, only an outline ex- lishment of represenlative time-weighted averages
isted. In 1977, the General Accounting Office (GAO) (IWAs) for civilian and military personnel working
recommended that the DoDadopt a uniform policyon in industrial operations is in progress. For the pur-
noise exposure!' A year later, a DoD Instruction poses of administering the Hearing Conservation
(DoDD was published to provide standards as well as Program, levels of steady noise of 85 dBA or greater
uniormitytomilitaryhearingconservationpoanm.7 are presently considered hazardous, regardless of
Thearmy's implementing document to the DoDI-TB the duration of the exposure's Practical guidance to
MED 501, Hearing Conseroation-was published in preclude misuse or overzealous implementation of a
1980!4 single-number criterion were provided in implement-

Federal noise standards evolved similarly, and the ing documents:
DoD implemented standards to parallel the federal
regulations. The Walsh-Healy Public Contracts Act, This criteion affords the advantage of increasing the
Noise Standard, published in 1969, was incorporated overall efficiency of the program by simplifying its
into The Occupational Safety and Health Act of 1970 administrative aspects....It will also better protect

231



Occupational Health: The Soldier and the Industrial Base

those individuals who are more susceptible to the that produce impulse-noise levels above 140 dBP,
effects of noise. Although the requirements of the measures to conserve hearing must be instituted
program demand the initiation of hearing conserva- and enforced when weapons are fired during train-
tion measures when levels are 85 dBA or greater, the ing74
implementation of all available measures may not be The single criterion of 140 dBP-notwithstanding
necessary in every case. For example, visitors to svr singie
noise-hazardous areas are required to wear hearing several parameters-defines the hazard of impulse
protective devices, but the requirement for hearing noise. These parameters include (a) peak decibel (or
evaluationsdoesnotapplytovisitors. Theremayalso intensity) level, (b) frequency content, (c) number of
be unique situations where noise levels rise infre- impulses, (d) duration of each impulse, and (e) the
que -..!y and unpredictably to 85 dBA or greater for angle of incidence of the incoming sound wave.
very short durations so that the wearing of hearing The higher the peak intensity, the more hazardous
protective devices may be judged impractical or un- the noise.!2 Shoulder-fired, antitank rockets such as
necessary. Decisions to waive the wearing of hearing the Dragon can have peak intensities as loud as 185
protective devices or any other requirement of the thefD r eepea k itersite as loud as0185
program must not be made arbitrarily. Such judg- dBPat the firer'sear. Artillery fe can exceed 180dBP,
ments may be rendered by trained AMEDD [Army depending on the c , the length of the tube, the
Medical Departmentl personnel who will perform a angle of fire, and the presence and type of muzzle
thorough evaluation using approved instrumenta- brake. Mortars, depending on their charge and cali-
tion and who will consider all factors relative to the ber, can produce intensities from 165 to 178 dBP. Rifle
potential for a given exposure to cause hearing and pistolfirewillmeasure156to 162dBPatthe filres
impairment.0' more exposed ear. Generally, the same peak intensity

from artillery fire will be considerably less hazardous
Airborne High-Fmrquenq and Ultrason.c Noise than that of rifle fire because artillery fire is of a lower

Ex toairborne higb-h-f uencyand ltrasonic frequencycontent!3 The total noisehazard from shoul-
der-fired rockets was not great because they were

noiseoccurs at armyinstallations from variousources expensive to test fire until simulators were developed
suchasindustrialcleanersand degreasers, dentaldrills that cost only pennies per shot.
and scalers, and aircraft compressors. The army has The noise hazard also increases as the number of
adopted the recommended Threshold Limit Values i. me(TLV) of the American Conference of Governmental impulses increases over a given uime.' Asa general
nd of tria Hy erieanit Coforpnce ofGovernmen tazlrd rule, the larger the caliber and the louder the weapons

Industrial Hygienists (ACGn H) foropotentially hazard- system, the fewer the impulses that are ge.erated. In
ous high-frequency and nltrasonicnoise sources (Table addition, the noise hazard increases with the duration7-1 )m Durations of permissible exposure are not in- of the impulse. Reverberations from reflected surfaces
cluded in these values, but only single-decibellevels in can lengthen the impulse.'
one-third octavebandsareincluded. Decibel levels for Tc eangleofincidencealsoeafctsthesevetyof the
one-third octavesabove2O,O00 Hz (ie, ultrasonic noise) noise hazard. The more the impulse impinges directly
were included to prevent possible hearing loss from
the subharmonics of those frequencies that we do hear on the ear, the more hazardous it is. For example, the
and that are generated within the ear. Equipment for
measuring noise in the one-third octave bands is usu- TABLE 7-1
ally not available at local installations, but can be PERM SIBLENOISE LEVELSOFAWIIM HKN &
obtained from the USAEHA. FREQjAND ULIASONICRADIATION

Im seOne-Th c e Band One-Third Octav Band

The impulse-noise exposures and the multiplicity Center Frequency (kHz) Intensity Level (dU)

of impulse-noise sources in the army environment 10 80
dictate that the requirements of the hearing conserva- 12.5 80
tion program be mandatory. Where the Occupational 16 80
Safety and Health Agency (OSHA) requires that 20 105
exposures should not exceed 140 dBP 6ie, criterion for 25 110
exposure to impulse noise), the army dictates that 31.5 115
exposures must not exceed this level.'"' Because the 40 115
army uses small-armsammunition (including blanks)

232



Noise and the Imp•irment of Heaiing

right ear (for right-handed shooters) is partially pro- installation planners must establish priorities so that
tected from the sound of the rifle fire by the "shadow" available funds will yield the greatest benefits. Such
of the shooter's head. priorities mustbebasedon factorssuch as the number

All these factors are uniquely combined in mortar of personnel exposed to a particular noise source,
future intended use of the facility, as well as the levelfire, which render it excessively hazardous to mortar and the duration of exposure!")4

crews. But theM16rifle, becauseofits widespread use,
potential rate of fire, and relative high-frequency con- Two programs that complement engineering noise
tent, has the dubious distinction of being the primary controls are the Health Hazard Assessment (HHA)
destroyer of hearing in the army. process, which is discussed in detail in Chapter 6,

Health Hazard Assessments, and the Quiet Tracked
Posting Vehicle Program (QTVP). The HHA process attempts

to ensure that hardware design and procurements
The army emphasizes prominent posting of noise- conform to both Military Standard (MIL STD) 1474

hazardous areas and equipment with appropriate dan- and medical policy for noise exposure, but all military
gersignsanddecals. M Forequipment that generates materiel procured before the initiation of the HHA
85 dBA and 140 dBP noise-hazardous fields, signs processwerenotsubjectedtoanyrestrictionsthatmay
must be posted to identify these contours.7' have been recommended through an HHA. Newly

Although compliance is not guaranteed, a direct designed or purchased equipment, however, must
correlation has been observed between the presence of exhibit the lowest possible noise-emission levels and
signs and the use of required hearing protectors. conform to the acoustic noise limits prescribed in MIL

STD 1474.!'•
Noise Controls Similarly, the QTVP has contributed to engineering

noise controls. The high levels of noise produced by
Engineering and administrative noise controls are tracked vehicles have been a problem historically and

essential componentsofa hearing protection program. are responsible not only for hearing loss, but also for
Engineering controls are desirable; their use elimi- both degraded communication and aural detection at
nates the nois-e hazard and renders other comoonents great distances." A 15-year effort has produced a
of the Hearing Conservation Program unnecessary. 7  compliant sprocket and an isolated roadarm and
Administrative controlsare generallyemployed when roundwheel to reduce the noise associated with tank
hearing protection cannot protect soldiers or civilian movement. These innovations were incorporated into
employees from a given exposure. a demonstration vehicle; interior noise was reduced by

Noisereductionthatemploysengineeringmethods 8 to 10 dBA and exterior noise by 3 to 4 dBA.! The
is based mainly on applying certain principles of the durability of the reduced-noise suspension system is
scienceof sound. Soltingcomplexnoise-control prob- still under study.
lems usually requires the services of acoustic engi-
neers, who are available at the Bio-Acoustics Division Administrative Controls
of the USAEHA?7 However, the industrial hygienist,
audiologist, environmental scientist, or preventive Administrative controls to limit noise exposure are
medicineofficerwithageneralunderstandingofacous- not always practical in army industrial operations.
tic principles can recommend measures that will often The characteristic understaffing of the federal civilian
control many noise problems successfully.! workforce can limit the use of administrative controls

such as the rotation of workers through different job
Engineering Controls areas to limit noise exposures. These restrictions may

be more practical in military trainin& however. For
Engineering controls are used whenever feasible to example, limits can be set on the number of rounds of

reduce continuous noise to below 85 dBA and im- ammunition firedoron thepeacetimeuseofaparticu-
pulse-noise intensities to below 140 dBP (or to the lar weapons system.
extent possible).' Engineering noise control is gener- In the design and procurement of equipment in the
ally feasible if implementation is practicable and cost HHA process, administrative controls can limit the
effective, both technologically and operationally?' En- number of rounds fired by writing the appropriate
gineering measures may involve significant expendi- guidance in the operator's manuals. These adminis-
tures, and thus trative controls are crucial; the nature of most noise
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sources evaluated in the HHA process has defied flange), (b) hand-formed earplugs, (c) ear-canal caps,
Sreduction through engineering. However, an aggres- (d) noise muffs, and (e) noise-attenuating helmets. All
sive approach toward engineering controls at the Fort hearing protectors are issued gratis, and a freedom of
Belvoir Research and Development Center has pro- choice among these approved devices is required by
duced some positive results. Researchers at the center the DoD unless the choice is medically orenvironmen-
havereduced noiseon new militaryequipmentsuch as tally contraindicated.
generators and water purifiers, which have counter- Preformed earplugs include (a) the triple-flange
parts in the private sector earplug, which predominates because of its ease of fit

and consequent popularityamong soldiers, and (b) the
Personal Protective Equipment single-flange earplug, the V-51R, which was devel-

oped over 45 years ago, and is used as a backup plug
Protecting hearing in the army is doubly challeng- for difficult-to-fit cases, particularly those soldiers

ing. First, many noise sources are not amenable to whose ear canals are excessively crooked. Although
engineering controls, which increases the wearers' both of these preformed earplugs are available in the
relianceonhearing protectors. And,second, useofthe private sector, only the military color-codes them ac-
Kevlar helmet dictates the use of earplugs, which cordingtosizeandmandatesthatallsizesbeavailable
creates a dilemma: unless an expert inspects the seat- for fitting and issue.
ing of the plugs, only the user knows whether or not Although the army sometimes uses hand-formed
they are inserted properly. Consequently, the empha- earplugs of foam or silicone, those installations that
sis on promoting the proper use and care of hearing usethemin large numbersoftendistributethem with-
protectors that was initiated over 20 years ago contin- out proper instruction. This is reflected in data that
ues today. show increased hearing threshold shifts among large

Only personal protective equipment (PPE) that has numbers of personnel who are reported to be hand-
been approved by the Office of The Surgeon General formed earplug users. Hand-formed earplugs arebest
(OTSG) is authorized for use. The nomenclature and used for visitors or other transient personnel who do
National Stock Numbers of approved hearin& protec- not have their fitted hearing protectors with them at
tors are included in DA Pamphlet 40-501. These the time.
protectors have been tested thoroughly for their at- Although noise muffs, ear-canal caps, and noise-
tenuation characteristics, durability, and freedom from attenuating helmets are also approved for use, they are
toxic effects. Not only have all commercially available used less f.-equently. Installationswithanindustrialbase
devices not been tested in this manner, but they also should use more noise muffs, because they moreeffec-
cost considerably more than those that are ordered tively protect against intermittent noise. Noise muffs
through army supply channels. The army uses a are available as safety devices and are wom with
carefully selected set of hearing protectors (Figure 7- suspension systems over the head, behind the head, or
22)including(a)preformedearplugs(triple-andsingle- under the chin. Authorization has been granted to

Fig. 7-22. The types of hearing protection used in the US Army. Thee data were obtained from 433,421 refere•eaudlogramn
conducted from 1985 to 1989. Source: Donahue AM. Hearing Conservtion Data Profile. Aberdeen Proving Ground, Md: US
Army Environmental Hyghene Agency; 1991. Armywide database 51-34-0251-91.
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purchase noise muffs from commercial sources. Corn- tained, but the armored-vehicle helmets are not. Every
mercially available recreational muffs with built-in time thesehehnetsaredickeddinthefield, between30%
radiosare notapproved for hearing protection. Sound to4O% of them areunserviceablebecauseof missing or
levels from radio earphones may pose a potential hardened earcup seals or nissing chin straps or bol ý.
auditory hazard as well as a safety hazard because Earplugs are invasive medical devices that must be
warning signals may notbe heard. lncomparison:ear- ordered through medical-supply channels and, in the
canalcapsarea medical item and are restricted to noise caseof sized preformed earplugs, mustbe fitted under
environments under 95 dBAlr Significant differences medical supervision.'6 Incontrasttotheprivatesector,
exist in the issue and maintenance of the two types of where less than 20% of the occupational health-hear-
noise-attenuating helmets: aviator helmets (SPH-4and ing conservation programs maintain records on hear-
IHADDS) and the armored-vehicle crew-member hel- ing protectors, the army closely monitors sizing distri-
mets (DH-132). Aviator helmets are items of indi- butions." Although neitherof the sizing distributions
vidualissue, arefittedindividually, andarewellmain- shown in Figures 7-23 and 7-24 is considered ideal,

Fig. 7-23. The sizing distribution of
311,180 pairs of triple-flange earplugs
fitted from 1985 to 1989. The Hearing
Evaluation Automated Registry Sys-
tem (HEARS) ptogram counts the size
of the left earplug only. Source:
Donahue AM. Hearing Conservation
Data Profile. Aberdeen ProvingGround,
Md: US Army Environmental Hygiene
Agency; 1991. Armywide database 51-
34-0251-91.

Fig. 7-24. The sizing distribution of
42,419 pairs of single-flange earplugs
fitted from 1985 to 19•9. Only the size
of theleftearplugwascounted.Source:
Donahue AM. Hearing Conservation
DataProf/ie.AbetdeenProvingGround,
Md: US Army Environmental Hygiene
Agency; 1991. Armywide database 51-
34-0.51-91.
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data will be available in the next f v years that will be An earplug-insertion and -seating device is also
used toissuestandardsonappropriatesizingdistribu- inciuded in the carrying case for the two preformed
tions, depending on age and gender. For the present, earplugs. Theearplugs mustbesoftand compliant for
trends are identified armywide and locally to monitor the wearer's comfort and able to obtain a proper seal;
"fitting procedures. For ex-ample, an increase in average however, individualswhosefingersare wideand blunt
age is expected with an increasing size of earplugs, and will have difficulty inserting their earplugs properly.
females are expected to be skewed toward the smaller Seatingdevicesmakeinsertionwesier for these wearers
sizes. The dz•t available on the number of individuals (Figure 7-26) and improve noise reduction.*
who requirea different-sized earplugin each eararealso Noise reduction ratings (NRR) that are obbtined in
suspect (Figure 7-25). Under careuly controlled fit- laboratories with experimenter-supervised fittings
tingenvironments, atleast5%to8%ofpersonnelusing have piwoen to be virtually worthless. Numerous
thesingle-flange eerplug have been found to requirea studies havedemonstrated the futilityofattempting to
different size in each ear. Only 1% to 2% of those who predict protection in the workplace based on NRRs.z*
use triple-flange earplugs require different sizes. The army's approach uses (a) an approved set of high-

Medical personnel are instructed in fitting tech- quality hearing protective devics; (b) emphasis on
niques with an emphasis on comfort and proper seal. properfitandinstruction;and(c)single-numberacross-
"lheyarealso taught toexploit and anficipateproblems the-board limits for noise exposures. DA PAM 40-501
associated with the occlusion effect. For example, if contains tables that detail these limits.
earplugs (or other types of hearing protectors) are Theoretically, almostall noise-induced hearingloss
worn properly, the individual's own voice will sound that is incurred during routine training exercises is
lowerin pitchtohimorher. lnadditionanindividual's preventable if approved hearing protectors are prop-
"innitus will be more apparent when hearing protec- erly used. However, an obvious gap exists between
tion is worn, particularly when the earplugs are fitted theory and reality: hearing conservation experts often
in a quiet dinic or classroom. Other issues such as say that the best hearing protector is the one that is
"excessive cerumen i.nd tiecough reflex areaddressed worn. The expectation that protective devices will be
in training materials.w' worn only when the policy is enforced rather than

The army has developed an olive drab earplug when thedevicesare indicated mayhavebeen realistic
"carrying case that blends with the color of the battle for hearing conservation programs in their develop-
dress uniform (BDU) and does not reflect light. Corn- mental stages. However, current army occupational
n-anders sKAuld be encou'aged to require that thecase health programs have reached a level of sophistication
and earplugs be worn on the BDUs to ensure their and, therefore, the expectation and provision of
availability-' adequatehearing-vrotective masuresshouldberaised.

2.i5 7.25. Thesedistributions pertain to
the armywide data reported in Figs.
7-23 an6 7-24. If they are fitted prop-
erly, the percentage ofdifferent sizes of
single-flangeearplugsshouldbeatleast
5% to8%:42,419singfr-flangeearplubs
and 311,180 triple-flangeearplugsfrom
1985 to 1989. Source. Donahue AM.

1,0 Haring Co t ian Data Profile. Aber-
dmn Proving Ground, Md: US Army
Environmental Hygiene Agency, 1991.

"0 Armywide database 51-34-0251-91.
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Fi. 7-2. Ths insftr poster provides iuterton itructions and shows he seat device and carryn case for
preformed earplulp, Source: DA Poster 40-501E, April 1991.

"The Military Oceuationa Health Vahie sensitivity. Ihdividuals who are susceptiLle to noise-
induced hearing loss can be identified before their

Visits to fixed-site health faciities for medical bearing sesidtivity evolves into a communication
surveillance can remove personnel from their jobs handicap. In addition, statistical trends of hearing
for up to one-half a workday. Military audiogists threshold shifts can be used to detwrmine the effective-
originally used military occupational health vehi- ness of hearing conservation programs.
des (MOH Vs) with audiometri-tesfing capabilies to The HEARS registry is a part of the Occupational
alleviate this problem at Forts Carson, Bragg, Knox, Health Management Information System (OHMIS)
and Campbell. Multiphasic testing capability was and provides automated testing and data to a local
developed in an MOHV at Fort Eustis. In the spring manager's module. HEARS is also designed to hans-
of 1968, the army fielded MOHVs with capabilities fer audiometric information from the installation to its
including audiomety, vision screening, pulmonary- armywide database. Quartly, the .EARS database
function testing, blood-pressure screening, electro. is compared to personnel tapes, and audiograms of
cardiography, and venipuncture to 16 major instal- tormergovernmentemployeesarearchiv& Theflow
lations. of information is ciular, with thearmywide database

Hearing conservation activities occupy most of the providing needed information to the installation
space and the operation time of these MOHVs (Figure manager'smoduleandaudione sites(Fgure7-28).
7-27). An orientation room is used for fitting earplugs Access to the database is limited to the OTSG, Health
and for health-educatin activities that are facilitated SemimCommand(HSC)HeadquartersmW,andthefunc-
by a television mitor, earphones, and a video cas- tional proponent for the system the Bio-Aoustics
sette recorder. Division of USAEHA. Armywade and major army

command comparative data are inudh d in a use's
Audiometrc Monibtbong guide. The operations of the HEARS audiometer and

manages module are detailed in USAEHA Technical
Audimnetrkcmonitoringdetctschangesinhling Guides 167A and 167B.-"
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aftRoom Room

Aua iEGG Sm.Gommock Stap

Fi&~ 7-27. An aerial view of the floor plan for the Military Occupational Health Vehicle (NMOV). When the MOIIV is used
exclusively for audiometrtui monitoring, six people can occu~py the audiometric boctk Six others can be fitted with earplugs
and briefe on hearing-conservation nwieasures in the orienitation room. Photograpi. Courtesyof theUSkAmy Environinen-
tal Hygiene Agency, Aberdeen Proving Ground, Md, 1991.
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Personnel Testing Reqpirements pure-tone threshold audiometry used for hearing con-
servation surveillance, but by interpreting a behav-

All soldiers are required to receive reference and ioral response to a pure-tone stimulus. Test results
termination audiograms, and noise-exposed soldiers reflect the adequacy of the test environment, the in-
mustalso receive additional periodic testing (90dafter structions that are provided, the threshold technique
reference, annually, and any indicated interval for that is used, the calibration of the audiometer, and the
follow-up testing). Reference audiograms are used to motivation of the examinee. The HEARS audiometer

includes several features designed to control for, but
"* monitor for hearing damage that is sustained not to eliminate, these variables.

during weapons qualification, Audiometric technicians are required to have suc-
"* serveas a baseline in thesoldier's likely assign- cessfully completed a minimum of 3 days of training

ment to noise-hazardous duty at some point in specified by the Council for Accreditation in Occupa-
his or her career, and tional Hearing Conservation (CAOHC),7 whether

"- provide a comparative population for soldiers they are corpsmen, nurses, or health technicians. Al-
who are routinely exposed to noise, thoughphysiciansand audiologistsareexcluded from

such training requirements, they should be aware of
Since soldiers constitute a preselected population, the salient elements of an audiometric technician's

comparisons to public health survey data or other training.
databasesin the private sector would notbeepidemio- The HEARS audiometer is configured in one-, two-,
logically valid, four-, six-, ane eight-station units. A talk-over mode

Civilian who are exposed routinely to hazardous pemitssupplementalinstructionsforindividualswho
noise receive reference, periodic, and termination au- experience difficulty daring the test. Fault codes alert
diograms and are included in the HEARS database; thetechnician ifan examineeis not proceeding appro.-
however, all others must beexciuded toavoid corrupt- priately, and recommended instructions are available
ing the database. Deaf civilians who work in hazard- on the screen monitor.
ous noise environments must receive, at a minimum, The HEARS audiometer employs a threshold-de-
referenceand termination audiograms. Although the termination technique, based on a psychophysical
possibility that deaf personnel will incur additional meth, -flimitsthatisbestunderstoodasabracketing
hearing loss from noiseis extremely remote, most have procedure. For example, the threshold search begins
some residual hearing that should be documented for at 0 dB HTL at 1000 Hz, and increases in 10-dB incre-
medical and legal purposes, ments umtil the subject responds. Another tone pre-

Audiogram forms designed specifically for DoD sentation at that decibel level confirms theexaminee's
Hearing Conservation Programs are available for the initial response and provides a reinforcing auditory
clinical management of individuals in the program. image of the stimulus. The level then decreases 10 dB
The DD) form 2215, Refrnce Audiogram, and the DD for every response and increases 5 dB for every
2216, Hearing Conservation Dtat, were developed from nonresponse. Three responses at one dB level are
US. Air Forceformsinthelate 1970s. Automationand accepted asthreshold. Thistechniquecalled themodi-
recent changes in Hearing Conservation Program re- fled Hughson-Westlake method, is the most accurate
quirements have provided the impetus for forms revi- method in use and is recommended by the CAOHC..W
sions, which are imminent. In the automatic mode, this process is done for the

The HEARS audiometer prints completed audio- operator. For difficult-to-test examinees, however, a
grams for the health record and creates a record layout manual mode is available, during which the examiner
file of retevant fields for uploading into the manager's has control of the interstimulus interval, the order of
module and into the HEARS armywide database. the test frequencies, and the level of the initial tone

presentation.
Variables ir Andiomeny Currently, theHEARS audiometercannot test hear-

ing below 0 dB HTL, although some individuals may
Accurate audiometric evaluation of military per- beabletohearbelowthisleveL Future considerations

sonnel has historically not been emphasized in policy include a modification (ie, a firmware change) to a
directives. Thearmy'sdocumentationofwidespread micoprocessor chip in the audiometer, to add this
invalid test results in the past testifies to its lack of capability.
attention to, and limited appreciation of, the variables The pulsed-tone mode is defaulted on the HEARS
that must be controlled during a hearing evaluation. audiometer unless the continuous-tone option is se-

Hearing is not tested directly with the conventional lected. Pulsed tones can be followed more easily,

239



Oceupational Health: The Soldier and the Industrial Base

particularly for individuals with timitus: they can Diagnosis and Patient Disposition
separate the pulsed tone from their perceived constant
ringing sensation. Three tones, 200 msec each, with a Army policy is to use positive ITS as a marker for
50% duty cycle (ie, 50% of the time the tone is on, and individuals who are susceptible to hearing loss, for
50% of the time the tone is off) are presented. The those who are not in compliance with the regulations
examinee is allowed IS seconds to respond from the regarding the use of hearing potection, orboth. Since
onset of the stimulus, hence the need for a prompt quiet periods are not required before a periodic test,
response. some STS could be temporary. Follow-up testing

HEARS provides automatic retests to establish the confirms positive STS.
validity of the data for a variety of conditions. The The first follow-up audiogram must be performed
standard retest at 1000 Hz must be within 5 dB of the within 30 days of the identified STS, with a minimum
first threshold or thresholds obtained at other test of 15 hours before the test free of hazardous noise. If
frequencies will be suspect (eg, learning may have positive STS persists, the individual's supervisor is
occurred or the examinee may have been inattentive), ntified andasecond folow-up examination isrequired,
Other conditions that prompt an automatic retest in- which must be preceded by at least 40 howrs free of
dude hazardous noise after the first follow-up audiogram.

After all required follow-up testing is performed,
"* a 50-dB difference in threshold between adja- diagnostic testing helps the otolaryngologist deter-

cent test frequencies, mine the site of the lesion that is causing the hearing
"* a threshold greater than 30 dB at 500 Hz, loss, but not necessarily to lower thresholds and defer
"- any threshold greater than 90 dB HTL, the reporting of permanent SIS. Obviously, clinical
" test frequencies that time out (e, take longer judgments must be made in cases of malingering or

than 30 seconds for the examinee to determine questionable audiometry on which the referral was
the threshold), and based. Early detection serves the best interest of noise-

"* anytestfrequencyl000to4000Hzwitha20-dB exposed personnel, and in the long run, makes less
or greater shift in either direction from the work for medical personnel Negative SIS averaging
baseline. 10 dB or greater at 2000, 3000, and 4000 Hz indicates,

most probably, an invalid reference test. When there
HEARS uses automatic calculations to limit techni- is a negative STS on the first follow-up, the audiomet-

cian error and to save processing time. For example, ricresultsfromthat follow-upmaybeused to establish
hearing thresholdsaredetermined from theappropri- a new reference test. Audiological and otological
ate number and sequencing of responses, stored in the referrals are optional in cases of negative SIS, and
computer's memory, and printed on demand. Simi- referrals are only indicated if test results of the first
larly, the HEARS audiometer cakulates military hear- follow-up testarequestionable. Detailson notification
ing profiles, as detailed in AR 40-501."° If a reference and reporting of STS, as wellas procedures for reestab-
audiogram is performed before noi.se exposure and lishing the reference audiogram are included in the
entered into HEARS, the profile system for an induc- HEARS Operations Manualf
tion physical is activated. The percentage of hearing The practiceof referringan individual fordiagnosis
loss based on the DOL formula iscalculated forcivilian before all follow-up testing iscompleteon the HEARS
personnel and printed as a percentage of binaural audiometer is not advisable. Audiologists and ear,
impairment, nose, and throat (ENn) technicians may feel a respon-

Periodic test results are compared to reference sibility to lower thresholds by performing follow-up
thresholds and significant threshold shift (SIS) is cal- testing on a diagnostic audiometer. However, such
culated. Positive STS (ie, nearing loss) is confirmed well-meaning intentions raise the following issues- (a)
usingOSETA criteria, which state that shiftsan average using the diagnostic audiometer defeats the purpose
of 10 dB orgreater at 2000,3000, and 4000 Hz in either of monitoring audiometry and delays early detection
earisanSTS. The National Institute for Occ- mal of hearing loss, and (b) in a diagnostic setting, most
Safety and Health (NIOSH) age corrections ales testerscan loweran individual's threshold ataparticu-
and females are also incorporated for positive STS. lar test frequency by 5 dB. Although the hearing shift
Hearing loss attributable to the aging process is sub- may no longer total enough foranSTSaS-dB window
tracted from the threshold shift Age corrections are is still within test-retest reliability. Moreover, the
not applicable to a negative STS (hearing improve- primarypurposeof follow-up testingistoruleoutTIS
ment). from noise exposure.
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Physician involvement in SIS follow-up testing to find another job, which has equal opportunity for
procedures foctsesprimarilyon the diagnosis and any advancement, for an individual who is removed from a
recommendations regardingpatientdisposition. Only noise-hazardous occupation.
physicians can diagnose noise-induced hearing loss, Unfortunatey, an inability to meet the communica-
and they should use all reasonable methods of differ- tion requirements of a job can only be inferred from
ential diagnosis before establishing this diagnosis, in- clinical test results. Such a disability is not easily docu-
cluding mented. Direct measurements of the relationship be-

tween hea loss and b performance are virtually
" an investigation of the individual's auditory nonexistent. A strong recommendation thata worker

history and previous hearing tests; be removed fromna job may be made if tests demonstrate
"• pure-tone, air-conduction measurements that the individual cannot hear vital acoustic warning

(which measure outer- and middle-ear con- sigals. But, obvkiusly, modification of the warning
duction); system should be considered first.

"* pure-tone, bone-conduction measurements Duingthediagnosticandrueralprocestheisme
(which measure inner ear function, bypassing of hearing loss compensation is sometimes raised. Al-
the outer and middle ears); though the physiian is bound both ethically and legally

"* speech-reception thresholds; to inform individuals of their hearing losses, only those
" speech-recognition ileasurements; offices and agencies charged with the administration of
"• oto-immittance testing (which measures the iheseprogramsareauthorizedtoassesscompensability.

impedance of the middle ear and tympanic Regardless of the physician's intentions, estimating a
membrane); and patients potential compensation could createaedit

"* masking, when indicated (which isolates and prolbemsifthe physician's predictionsarenot borneout
distracts the ear with normal hearing in order by the actual proceedings.
to examine the other ear).

Evaluation of Hearing Conservation Programs
The disposition and profiling process for hearing

loss differs for military and civilian personneL Mili- The ability to generate numerous audiograms orto
tary personnel should be issued a profile for hearing distribute thousands of hearing protectors does not
loss, if indicated. Profiling procedures are listed on accurately measure the effectiveness of the army's
DA Form 3349 (Block 1), Medical Condition-Physical HearingConservationPrograms.Onlystafistialtrends
Profile Record, and in AR 40-501.o Disposition of of hearing loss can objectively measure whether hear-
military personnel who have sustained hearing loss is ing protectors are being fitted and worn properly and
defined within the profile system." For the final faithfully. The most useful way to evaluate a program
disposition of DA civilian personnel, Standa'd Fore, is to focus on the Hearing Conservation Program
513, Clinical Record Consultation Sheet, is used. Guid- results, not just on the testing procedures--on the
ance for civilians who have sustained progressive goals of the program, not on tde details of its opera-
hearing loss is less well defined and involves case-by- tion.`2
case evaluations and close coordination with civilian Stistical trends of hearnig loss, participation in
personnel officers. monitoring audiometry, and quality-assurance mea-

A civilian employee's removal from, or assignment sures can help to identify and improve ineffective
to, a noise-hazardous job poses a dilemma for the programs. Such measures can educate medical and
occupational health physician, who must first con- command personnel and also be a source of satisfac-
sider the army's general philosophy for civilian em- tion and reward for units or installations that promote
ployees: hearing loss is not in itself a contraindication effective prograrim. %.r over 10 years, HEARS has
to theassignmentof these individuals to noise-hazard- been providing comparative data to installations and
ouswork,providedtheemployeesareprotectedagainst major commands. Requirements for local program
further hearing impairment. The army makes the job evaluation have recently been instituted:"
safe for the worker. However, the physician must Major army installations and medical centers have
consider whether the individual will be a hazard to one HEARS unit designated as a manager's module.
him- or herself and others. The physician is also The HEAPS manager's module has additional
obliged to work within the guidelines that exist for computer storage capability. The software alows
protecting the harvdicapped from job discrimination management to analyze data on participation in the
and with a Civilian Personnel System that is obligated Hearing Conservation Program, its effectiveness, and

241



Occupatiomal Hel-lI. The Soldier and the Industrial Base

quality-assurance information on demand. In addi- 9 the same threshold at all frequencies that are
tion to 71 standard reports, the manager's module tested,
also includes a nonprocedural language and a utility o the absence of threshold entries at 0 dB,
called TABLETALK that is used to produce ad hoc o no reestablished i eference audiogram,
reports. o an elevated threshold at 500 Hz,

* a negative threshold shift,
Program Compliance 0 earplug sizes that vary by the type of protec-

tors that are used,
The numberof individuals who workin hazardous- * the need for different .izes of earplugs in each

noise environments (the denominator) can be com- ear,
pared to the number of individuals whoare tested (the * types of hearing protectors in use, and
numerator) to measure compliance in monitoring o multiple reference audiograms.
audiometry. Twenty standard reports are available
that can be used to identify the number and specific Thequality-assurancereportsaredesigned tocheck
individuals tested. These reports include for a variety of potential problems:

"* the number of tests administered, * data fabrication,
"* a list of names and social security numbers o acoustic-calibration deviations,

(SSN) by audiometric test date, * excessivebackground noise in the testingenvi-
"* record summaries by ZIP codes (counts of ronment,

types of tests administered for military and e invalid reference audiogram, and
civilian personnel), * improperly fitted preformed earplugs-

"* distribution of individuals by job code,
"* serial hearing threshold data for individuals, Program Effeivess
"* retrieval ofall DD2215 or DD2216 forms foran

individual, Unless otherwise specified, all of the 30 possible
" a list of individuals who failed to take their standard reports of program effectiveness can be run

annual tests, eitherseparately for military and dvilian personnel, or
" a list of individuals with STS on their periodic can be run according to ZIP code, job code, hearing

tests who require follow-up testing, and protector, location (building number), or unit identifi-
"* data regarding test counts by the audiometric cation code (UIC). However, data from any report on

technician's SSN and by the serial number of program effectiveness will be of limited usefulness if
the audiometer to monitor work-load data by there is poor participation (particularly among senior
individual or test site. military personnel), poor quality control of the audio-

metric data, or a lack of follow-up testing to confirm
Personnel turnover mustbeconsidered in assessing whether-an observed hearing threshold shift isperma-

an installation's rate of participation. Also, the re- nent or temporary. Sourcesof program-fectiveness
quirements for 90-day reestablished reference audio- reportsindude (a) military profiles, (b) civilian hearing
grams and termination audiogra• s should yield a loss and potential compensation costs, (c) hearing
110% to 140% rate of participation if these additional threshold shifts, and (d) hearing threshold-level ma-
tests are included in the numerator. trices. A hearing threshold matrix includes distribu-

tions and averages of hearing threshold levels.
Quality Assur, ce When military profile reports are calculated, the

most recent hearing test in the database is used. A
Checking for errors, automatic retests, automated discrepancy will exist between those profiles that are

calculations, and automated data-entries through actuallycalculated and those thatareassigned to indi-
HEARS have controlled quality-assuzance measures viduals. Similarly, the most recent hearing test and
significantly. Twenty-one standard reports are avail- pay grade are used to calculate hearing-loss percent-
able on the HEARS manager's module to monitor ages and potential compensation costs for civilians.
potential problem areas. Although standards are still The options to report the data in rank order either by
being developed for most of these measures, trends cost or by the percentage of hearing loss are also
can be identified and armywide comparative data are included. These reports are limited to senior medical
available. Thequality-assurancecapability of HEARS and command personnel only. Hearing threshold
allows it to generate reports concerning shift can also be calculated by the OSHA S1S, or by
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other measures of threshold shift that combine mili- gression, (b) anatomical misinformation, (c) adapta-
tary and civilian personnel tion, (d) noise that is wrongly equated with power and

eficiency, (e) denial of the hazard, (P) production of noise
Health Education for social recognition, and (g) misplaced priorities.

Hearing has regressed in its importance to every-
The characteristics of noise-induced hearing loss day life. Before artificial light was invented, during

make it a diffioclt subject to teach in health education. ages of nearly universal illiteracy, humans, like other
Noise-induced hearing lossis generallyas.ow, pairless, mammals, relied heavily on their ears for informa-
and bloodless process. Hearing loss from noise is tion.23 But with the advent of artificial light and the
insidious and is not always recognizable to the individ- scientific revolution, learning became primarily vi-
ualuntilthemagnitudeofthelosshasreachedmoder- suaL Today, the emphasis is on speed reading and
ate-to-severe levels. The challenge to occupational visualscanning. How does thissensoryshiftaffectour
health educators becomes apparent when placed in the lives? Problems with sensory processing are generally
context of the Accident Prevention Formula of the NSC tolerated until they become visual:E' because aircraft
See the hazard, Understand the defense, and Act in time. noisedoesnotassaulttheeyesitmaybetolerateduntil

Nothing regarding noise-induced hearing loss is it interferes with television reception.
tangible. If an ear were to shed a drop of blood for Amongthemedicallyunsophisticated, hearingdefi-
every decibel of hearing that was lost, the task of cits are associated with malfunction of the ear canal
identifythehazardwouldbeconsidleraNyeaser. The and the eardrum and the accompanying erroneous
usual progression of a noise-induced hearing loss from belief that noise-induced hearing loss is medically
the high frequencies down into the low (or speech) treatable. For example, some may believe that "noise
frequencies can prevent an individual from quickly rec- only pokes little holes in your eardrums and old Doc
ogruzing a problem and implementing timely action to can patch them up again," or that "noise can build up
prevent additional loss. But, as in the case of weapons extra layers of skin on your eardrum and you can
fire, there may be no second chance. One afternoon on toughen yourears uptonoise!' Others have misinter-
a firing range can wreak havoc on unprotected ears. preted the limited benefits of cochlear implants, think-

"Understandingthedefense"againstnoise-induced ing that nerve cells can be restimulated back to life.
hearing loss is not any more clear than "perceiving the Individuals may also believe that a hearing aid will be
hazard" to some of the individuals who are at risk for a perfect substitute for any hearing they have lost
it. Most soldiers have been taught since childhood Someinthemedical community take theoppositeand
never to put anything into their ears; they now may equally erroneous view that hearing aids cannot pro-
simply be handed a pair of earplugs when noise be- vide any benefit to those with high-frequency-noise-
comesa hazard, without being instructed on theiruse. induced hearing loss. Inaddition,becausethelayman's
A complete and thorough military or civilian health- knowledge of the ear does not usually extend beyond
education program requires that (a) the students over- the outer ear, health-education activities should refer
come behavioral obstacles or stereotypes, (b) the to hearing protectors, rather thin ear protectors, when
program's importance is emphasized by both com- protective measares and equirrnent are discussed 7'
mand and management, (c) the importance of acute Noisemaydamagephyskalhealth, butpsychologi-
hearing for combat effectiveness or for the efficient cal adjustments are made to adapt to ihe noise. Adap-
performance of duties is stressed, and (d) the proper tation is a two-edged sword; it can be a saving grace,
training aids and approaches are utilized. but at the same time it may create a false nse of well-

being.1m The obvious danger of adaptation to noise is
Behavioral Obstacles that our ability to recognize warnings of hazardous

noise is lost, and we will no longer react to the haz-
A lack of concern for bearing conservation can best ard." Similarly, MS may give the individual a false

beunderstood and addressed,both in the army and in sense of security when previous hearing acuity ap-
the civilian-industrial sector, as a behavioral problem. pears to have recovered after loud noise exposures.
Prevailing attitudes can frustrate the best-intended The noise a machine makes may erroneously be
efforts to protect hearing. A preventable occupational equated with its power ard operational efficency.'m
injury that occurs on a large scale testifies not only to Without a noise accompanying a function, connumers
the pavasive nature of noise but also to the resistance often believe that power and efficiency havebeen lost.
against both hearing education and wearing hearing For example, some consumers may believe that a
ptection. Current challenges facing personnel who whisper-quiet vacuum cleanerisnot aspowerfulasan
enf'orce hearing conservation include (a) auditory re- identical but noisier older model, and office workers

243



Occupational Healthk The Soldier and the Industrial Base

have conmplained that after their typewriters' clacking menit to report for an annual hearing test may be
sounds were removed, they were noticeablyslower than thought of as a detractor from training.
their noisier, but otherwise identical, typewriters./•

A reluctance to wear personal protective devices Command and Managemaent Emphasis
may be a mechanism for coping with the. day-to-day
hazards of an occupation: the worker is able to deny Because most noise-induced hearing loss occurs
thatthehazadexstsiftheprotectiveequipmentisnot durig routine training exrie, it should be almost
used. A form of denial may also be observed in those completely preventable. A concerned commander
soldiers who exhibit "macho" behavior. Although can have a dramatic effect on a Hearing Conserva-
denial may be more prevalent with life-threatening tion Program. Health education must be provided
hazards, reactions like these to loud weapons fire are for command per~sonnel and for all levels of supervsr
not uncommon. Denial among young soldiers may be personne in order to emphasize their responsibilities in
transformed into feelings of indestructibility~, which is the Hearing Conservation Program. Without their en-
a commnon trait of youth. In basic training and ad- dorsement and support, the program will not scce.
vanced individual training, intimidation is often used The value of the program can be emphasized in
tobreak through attitudes toensure hearing protection sever•.lcontexts, but most importantly, theapplication
compliance. However, in duty assignments that have and implementation of a Hearing Conservation Pro-
less supevso, comrpliance with proper and faithful gram is the/law. In addition to existing OSHA, DoD,
use of hearing protection may become more lax. and DA regulations, the Federal Employee Reform

Senior personnel offer greater challenges to health and Tort Compensation Act holds federal supervisors
educators than do younger soldiers. Higher-ranking liable if they are found negligent and not operating
soldiers who have lost hearing may choose to ignore within the scope of their authority to provide protec-
their deficits, hoping that others will as well. Their tire equipment. Even supervisors who provide the
attitude seems to be that since they have already lost required hearing protectors may be under the errone-
their hearing, there is no reason to wear hearing pro- ousasuption that the soldierorempioyeecanchoose
tectors. Obviously, they should be convinced both to whether or not to use the protectors. Responsibilities
protect the hearing that they still have and to set an to enforce the use of P5E and to ensure that subordi-
example for their subordinates. nares report for schedt.,d hearing tests can be in-

Making noise can be an attention-seeking behavior cluded in officerand enlisted evaluation reports and in
that results in at least temporary recognition by peers, civilian supervisors' performance standards.|''
For example, among youths whose unmuffled cars or Command and supervisory personnel may recog-
motorcycles signal their arrival at and departure from nize the value of a program for hearing conservation
a scene, when it is explained in terms of reducing compensa-

tion exenitures~or saving lost man-hours that are
such cacophony gives them a feeling of being part of caused by accidents. One study found that the risks
the in" or' hip crowd .... It can also be interpreted as attributed to noiseand hearing loss togetheraccounted
a protest against the establishmnents' highly orga- for 43% of injuries sustained in one shipyard.'os This
nized, dull, qluiet wordd.' study identified factors that could interfere with the

faculties that are needed for recognizing warning sig-
Young people with limited communication skills nals and imminent danger. The use of hearing prtec-

may prefer simple words and gestures through the tion was not identified as a factor.
raucous din. Noise also offers an opportunity to
invade another person's space and get much closer Combat Effcivns
while talking than might otherwise be acceptable.

Other priority issues in the world--drug abuse, Senior commanders usually recognize that aHear-
crime, budget deficits, homelessness, hunger, and ter- ing Conservation Program is valuable to soldiers and
ros-vesao noise-inducedhearingprbes civilian workers. Focusing on hearing as our most
Understandably, a commander's priorities are simi- precious .social and learning sense may be of limited
larly ordered. Encouraging and enforcing compliance value to many command and supervisory personnel
with hearing consc, ration principles is difficult in a unless the necessity to preserve hearing is icro
militarily unique or industrial envionet that is rated into the success of their mission. For example,
fraught with life-threatening haza.rds and demanding the flight surgeon responsible for medical planning on
training and production schedules. Commanders may the Son Tay prison camp raid in Vietnam insisted that
use 'realistictraining"astheirexcusefornotenorig all troops wear earplugs while being airlifted. As a
the use of hearing protection. In addition, the require- result, when the troops arrived at the prison camp and
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removed their earplugs, they found that their hearing missions could only be suggested from anecdotes or
was unimpaired from the noise of the helicopters.' inferred from vague clinical test results. A landmark

On today's high-technology battlefield, good hear- study from the US. Army Human Engineering Labo-
ing is a combat multiplier and an essential attribute of ratory has provided the first hard data of the effects of
the effective soldier in both offensive and defensive communicationonperformantce.m Thirtyexperienced
operations." Hearing is necessary in offensive opera- tank crews conducted gunnery exercises in the Con-
tions to (a) locate snipers, (b) locate patrol members, (c) duct of Fire Trainer (COFI) tank simulator at Fort
identify vehiclesand (d)determinetypesof booby traps. Knox under five communication conditions ranging
One Vietnam veteran reported that enemy snipers could from very good to extremely poor. Performance mea-
be located by the reports of their weapons, even when sures and results indicated that
muzzle flashes were not observed. In addition, patrol
members often guide more by sound than by vision, • the mean time to identify a single target in-
especially when they are on night patrol under a new creased a, communication conditions were
moon. Soldiershavealsobeen able to hear thedifference degraded.
between hostile and friendly fire. The ability to deter- * the overall time to complete a firing mission
mine the number and location of enemy vehicles may varied from 40 seconds under good communi-
be crucial to the successful completion of a mission. cation conditionsto90secondsunder thepoor-

One Vietnam veteran could distinguish between est conditions.
the sounds generated by two types of trip wires. The * target identification varied from a hit rate of
sound generated by a trip wire that pulls the pin from 98% under the good conditions to 68% under
a grenade is different from the sound made by a the poorest conditions. The percentage of en-
pressure-activated explosive. Quick movement away emytargetskilledalsodecreasedascommuni-
from the grenade is required, but the soldier must main- cation was degraded (Figure 7-29).
tain pressure on the explosive until it is deactivated."*6  * commands communicated incorrectly varied

In defensive positions. the soldier needs to hear from 1% to 37% over the range of cowmunica-
both perimeter alarms that are activated by sensing tion conditions. As a result, the percentage of
devices that have been triggered by movement, and time the crew was kiUed by the enemy ranged
enemy movement through leaves, grass, and twigs. from 7% under good communication condi-
Experts have recognized the high-frequency nature of tions to 28% under the poorest conditions.
these sounds and the necessity for relatively normal Figure7-30 shows the percentage of fire that hit
hearing to detect them. Soldiers can determine the the wrong target.10

enemy's location by listening for sounds from wildlife,
loadingcartridges,safetylocks,andthedippingofbarbed Training Aids and Approaches
wire. InVietnamsoldierscoulddeterminetheproximity
of the enemy by the cessation of bird calls in the upper Effective health education will result in or reinforce
canopy of the jungle. The presence of birds in the lower the faithful and proper use of hearing protectors. Corn-
canopy meant that human refuse was nearby. pliance with hearing conservation measures is indi-

Soldiers must also be able to hear radio messages vidualized highly for both the military and the civilian
and verbal orders. Most military radios clip both the sector.
high- and low-frequency sounds. A soldier with a Personal testimonials from peers or respected se-
hearing loss will confuse similar-sounding verbal or- nior personnel on the dehabilitating effects of their
ders, such as the digits in a grid coordinate. Good hearing loss or the importance of hearing in combat
hearing also aids in small-arms accuracy and weapon may be effective as teaching tools.lW0t'l For example,
identification. Soldiers on pistol and rifle teams have the film SoundsofCombat was introduced byasergeant
been aware of the advantage of wearing hearing pro- major and Medal of Honor winner." Individuals
tection while firing theirsmallarms. Wearing hearing like these have credibility with soldiers when they
protection increases their accuracy by reducing the attempt to link good hearing to the success of a combat
tendency to flinch at the impact of the weapon and mission.
normal hearing can discriminate between M16 and Individual counseling can be most effective, par-
Soviet-made AK47 rifle fire. ticularly w'ie it is personalized. Demonstrating to a

30-year-o.-' *. -gant that he has the hearing of an 80-
Performance Measures year-old man canbeconvincing. Trainingaids, unique

to the military and designed for this purpose, are
Until recently, the relationship between the ability available through publication and audiovisual sup-

tocommunicateand thesuccessful accomplishment of port centers.

245



Occulut'uafoia I fralli,: The~ !W'dier and the Industrial Ai.se

Fig. 7-29. I'erformancermeasures as a function of five. onditions of speech intellgibility. For ex) cpriL nced tank crews in
a tank simulatoras their speech intelligibility wasdlegradedi their killed targetsalsodecrvca%Wd So~urce. GarinthcrGR, Pete;%
Lj. Impact of communications tin armor crew Fterformance. Anny Ws,' Diti'dopenw~t, & Acujisitioni Pl~l. Il();januarv-
Februarv:l -.;

Fig. 7-30. IPer,-entage of episodtes in which the wrong targct was shot as ai function of the five condlitions of spetch
intelligibility. Source: Garinther CR. Peters I.. Impact of communications tin armor crewv performance. Annie Rt.

D~'t''vciI.& :lcqui-41inio 11ll. lQ"f;Jainuarv.R'hnmarv: 1-5.
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SUMMARY

Noise-induced hearing losses can occur painlessly, tively without all the other elements, which include
are preventable, and will become permanent if effec-
tive hearing conservation programs are not enforced. * noise-hazard evaluations,
The effects of noise on the complex auditory mecha- * posting of noise-hazardous areas and equip-
nism depend on the physical characteristics of the ment,
noise stimulus, the duration of exposure, the audio- 9 engineering controls,
metric frequency, and the type of noise, * use of PPE,

Factors that account for varying degrees of suscep- * audiometric monitoring,
tibility to the hazardous effects of noise are under * health education, and
constant investigationm The dynamic processes and * Hearing Conservation Program evaluation.
intricacies of the auditory mechanism make it impos-
sible to formulate the exact relationship between the Effective hearing conservation programs are char-
noise exposure, the receiver, and the amount of hear- acterized by well-defined responsibilities among par-
ing loss that is sustained. Awarenessofchangesin the ticipants, and the presence of a single individual who
auditorymeclmnism following exposure tohazardous functions as both a catalyst and a linchpin to ensure
noise should assist the physician in evaluating co- the implementation and the coordination of all pro-
chlear function. gram elements. The program is best implemented as

The army attempts to prevent hearing loss through a facet of combat-readiness medicine, with hearing
the coordinated application of several program ele- preservation incorporated into the overall success of
ments. No single program element can function effec- the mission.
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INTRODUCTION

Ocular trauma is the sixth leading cause of blind- garrison or on the battlefield. While stationed in
ness in the world following trachorna, xerophthalmia, garrison, it is not unreasonable to assume thatsoldiers
ondocercasis,cataractformation,andglaucoma.' Ap- will suffer types and incidence ofocular injuries simi-
proximately2.4 million individualsintheUnited States lar to their civilian counterparts. However, the battle-
sustain ocular injuries annually; more than one-half of field, like the industrial workplace, may be both haz-
these injuries occur to individuals under 25 years of ardous and lethal. In various worldwide military
age.2 Approximately 40,00C - them will suffer some conflicts, eye injuries account for an estimated 4% to
degree of visual impairment and an estimated 1,500 9% of wartime injuries. 7 Soldiers with battlefield eye
will lose their sight permanently. Current estimates injuriesmustbeevacuatedtoafourth-echelonmedica
show that more than 900,000 individuals in the United atent• dhty(MT fordefinitiveophdamictmat-
States have permanent visual impairment caused by ment and might not return to duty;, even superficial
injuiy, 75% have monocular blindness& foreign bodies in the eye will hicapacitate a soldier at

Ocular injuries are not without significant financW least 24 to 48 hours. To military commanders, losing
costs. Nationwide, ocular injuries account for an esti- 4% to 9% of their soldiers to eye injuries, even tempo-
mated direct cost of approximately $300 mullion in rarily, may mean the difference between winning or
medical bills, compensation, and lost production time. losingabattle. Asa result, efforts are cunntly under-
For example, in 1980 the state of Ohio reported 6,457 way to improve eye protection and reduce debilitating
work-related accidents that involved eye injuries, with ocular injies both in garrison and on the battefield.
diect medical and wcker-coempesatiocostsbofnearly As cempensation costs continue to rise, protecting
$20 million-approximately $3,067 per injury. These and conserving vision has takm on ixneased inpor-
figures do not include either the associated costs of tance. InitialfTfortinoccupationalvision (sometimes
painandanguishthateyeinjuiesandblindnesscause referred! to as industrial vision or eye safety) were
ortheindirectcosts0egAfeesandjudgments,timelost directed towa-rd reducing eye injuries by providing
from workcostsassociated with trainingreplacement civilian employees working in eye-hazardous areas
workers, or costs of repairing damaged equipment). with industrial safety glasses. in 1992, occupational
Experts estimate that the indirect costs can be 5- to 10- vision effots within the army evolved to becone the
fold higher than the direct costs! Vision Conservation Program, a more encompassing

Statistics on industrial ocular injuries and prin- program composed of three program elements (occu-
aples used in industry to protect the eyes and ,Asion pational vision, eye safety, and environmental vision)
"have direct application to active-duty soldiers--in and directed toward both soldiers and civilian workers.

LEGISLATION AND GOVERNMENTAL AGENCIES

The concept of occupational safety and health is probemsthrmgh rearc and studyprograms State
relatively new, having evolved over the last 100 years. lawshowevergenerallylacked unifoinity(from state
During the 19th century, on-the-job safety (including to state) and tended to be poorly enforced due to
eye safety) was considered to be the responsibility of insufficient resources to hire inspection staffs.w
each individual employee, with employers assuming
little or no liabili in the evnt of an accident or death. Occupational Safety and Health Act
The federal government did not becme involved until
the mid-1880s, and its focus was on job safety (the pre- Over the next 50 years, various federal initiatives to
vention ofwork-related accidentsinjuriesand deaths) improve occupational safetyand health wvre enacted,
rather than occupational health (the prevention and culminatingwithPublicLaw9l-596,tL'eOccupationa
control of work-related amm-nmental disorders). Be- Safety and Health Act (OSHAct), which Riesident
tween 1W90 and 192D, state governments became more Richard M. Nixon signed on December 29,1970, and
active in job safety- and ocfetional health-tegisla- wbichwentintoeffectinApril 197 1. The genera-uty
tion, while the federal government approached health clause of the OSHAct emphasizes that each opkyer
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shallfurnishtoeachofhisemployeesnotonlyemploy- tors must wear approved eye protection when they
ment but also enter orwork in an eye-hazardous area. In some states,

employers are required to provide any related techni-
a place of employment free from recognized hazards cal services such as frame selection, lens design, order-
that are causing or are likely to cause death or serious ing, verification, and fitting that are needed whenever
physical harm to his employees.•"M corrective lenses are worn. OSHA rules also require

that employers provide safety training, including eye-
In addition, employees are required to comply with safety training.

the standards, rules, and regulations of thi OSHAct However, OSHA does not requireemployerstopay
and areresponsiblefortheirownactions and conduct. for their employees' vision examinations. Some fed-
These prc-.isions apply to safety in general as well as eral agencies, including the Department of Defense
to eye safety. (DoD), have taken the initiative to provide vision

Most of the OSHAct regulations that pertain to examinations for their employees who work in eye-
vision conservation are found in Title 29, Code of hazardous areas. Most agencies have found that by
Federal Regulations, Section 133." These regulations providing eye examinations, they ensure that employ-
assert that protective eye and face equipment shall be ees can see well enough to perform their jobs; worker
required when there is a reasonable probability of the productivity improves and the risk of costly eye inju-
type of injury that this equipment can prevent. Eye ries is reduced.
protectors must provide adequate protection against
certain hazards, be reasonably comfortable, fit snugly Naional Imlimle far Oampaional Safety and HaIeh
without interfering with the wearer's movements, be
durable, toieratedisinfection,beeasilycleaned,andbe In conjunction with the passage of OSHAct, the
kept in good repair. Workers who require corrective National Institute for Occupational Safety and Health
lenses shall have the option of wearing prescription (NIOSH) was formed as a division of the Department
industrial safety eyeglasses, goggles over their ordi- of Health, Education, and Welfare (now the Depart-
nary dress safety glasses, or goggles that incorporate ment of Health and Human Services, DHHS) to assist
conectivelensesmountedbehindtheprotectvlenses. in developing safety and health standards. Conse-
Eye protectors must be distinctly marked to facilitate quently, NIOSH is responsible for identifying occu-
their identification as approved industrial safety de- pational-safety and occupational-health hazards by
vices. The design, construction, testing, and use of gatheringinformationthroughworkplacesurveysand
ocularand facial protectorsshall be in accordancewith laboratory research. Workplace surveys are accom-
American National Standard Institute (ANSI) Stan- plished through industrywide studies, which are spe-
dard Z87.1." cificallyauthorizedbyOSHAct. Inadditiontosurveil-

lance and data gathering, NIOSH conducts extensive
Occupational Safety and Health Administration research at its own laboratories and under contract at

universities and private research institutes. Results of
The Occupational Safety and Health Administra- this research serveasthebasisforrecommendingnew

tion (OSHA) has primary responsibility for health and safety regulations. These reconmenda-
tions, known as criteria documents, are forwarded to

"* developing mandatory job safety and health OSHA, which has the ultimate responsibility for pro-
standards, mulgating standards.

" enforcing the OSHAct through inspections of WhileNlOSI'sfirstrmponslbtyistoadviseOSHA
the workplace, on standards, it also has other functions; for example,

" maintaining a recordkeeping system to moni- it publishes bulletins to inform health professionals
tor job-related injuries and illnesses, about new health hazards and offers training pro-

"* implementing programs to reduce workplace grams on occupational safety and health. Numerous
hazards, and vision-related research projects, including studying

"* re dti occupatioal safety and halth issues. the biological effects of ionizing and nonionizing ra-
diation, have been performed at the institute's facility

OSHA requires that employers provide protective in Cincinnati, Ohio, and have resulted in several pub-
eyewear that meets ANSI standards at no cost to the lications and articles concerning ultraviolet (UV) and
employee." Employees, management, and even visi- infrared (IR) radiation2
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Food and Drug Administration by OSHA, include

Before 1971, the eyeglass industry was largely un- * ANSIZ80.l-1987:American NationalStandard
regulated. OSHAct was intended to protect industrial Recommendations for Prescription Ophthal-
workers; there was no legislation like it to protect the mic Lenses;
vision of the general public. The lenses of dress safety * ANSIZSO.3-1986:American NationalStandard
glasses (street eyewear) were often ground extremely Requirements for Nonprescription Sunglasses
thin in order to improve their cosmetic appearance. and Fashion Eyewear;
Because these lenses shattered on minimal impact, 0 ANSIZ87.1-1989:AmeeicanNationalStandard
many wearers" eyes were cut and irreparably dam- PracticeforOccupationalandEducationalEye
aged by broken glass- and Face Protection;

To protect the vision of the general public, ANSI * ANSI Z136.1-1986: American National Stan-
promulgated a voluntary set of standards for dress dard for the Safe Use of Lasers; and
safety glasses in 1968. This st•andrd, the American * ANSI Z358.1-1990: American NationalStandard
NationalStandardRecomnmndationsforPrescriptionOph- for•megcyEyewashandShowerquTpenL
thalmic Lenses, Z80.1-1968, recommended that all pre-
scription lenses dispensed in the United States be US. Army Environmental Eygiene Agency
impact resistant (the lenses should be able to with- Pe
stand a specific impact: that from a %-in steel ball In 1946, the Army Industrial Hygiene Laboratory,
dropped from a height of 50 in)."' In December 1971, now the US. Army Environmental Hygiene Agency
the Food and Drug Administration (FDA) issued a (USAEHA), initiated the Occupational Vision Pro-
generalpolicystatementon theuseof impact-resistant gram at some depots and arsenals within the army
lensesineyeglassesandsunglasses. Thegeneralpolicy industrial base. This program was directed toward
statement adopted an impact-resistance test similar to federal civilian employees rather than soldiers. By
that stated in ANSI Z80.1-1968. 1953,19 army installations with 90,000 civilian em-

The Medical Devices Amendment of 1976 autho- ployees had Occupational Vision Programs." During
rized the federal government to oversee thesafetyand the 1960s, the Occupational Vision Programs were
effectivenessofall medical devices, including ophthal- expanded and directed toward civilian workers at all
mic products such as eyeglass lenses, contact lenses, army installations. Presently, all army installations
contact lens solutions, and ophthalmic medications. must have the Vision Conservation Program, which is
Congress subsequently passed 21 CFR Part 801A10, directed toward both civilians and soldiers.
Ufseofimpact-resistantlensesineqssesandsungkLsses, Currently, there are three optometrists (two mili-
which is also similar to ANSI Z90.1-1968. 6 Compli- tary optometrists and one civilian industrial optom-
ancewith21 CFR Part 01.410byophthalmiclaborato- etrist) who staff Program 63, The Vision Conservation
ries does not mean that the lenses are unbreakable or Program within the Occupational and Environmental
shatterproof;rather, itmeans that thelenses are impact Medicine DivLiion at USAEHA, located at Aberdee
resistant (as previously specified). Furthermore, the Proving Ground (Edgewood Area), Maryland. Their
impact resistancof dress safety glasses should notbe mission is to write vision-conservation policies and
confused with that requied forindustrial safetyglasses, doctrine for publication, to survey or assist the Vision
which provide the industrial worker with greater eye Consevation Prograisat variosinstaUationsaround
protection. the country, and to educate occupational health per-

sonnel on all aspects of vision conservation.
American National Standards Institute

US. Army Regulations and Publkations
ANSI is a nongovernmental agency that has created

morethan10,000 standards (with which complianceis US. Army Regulation (AR) 40-5, Prevrentie MOWi-
voluntary). State and federal agencies often adopt cine,DepartmentoftheArmyPamphlet(DAPAM)40-
ANSI standards as their own regulations, but ANSI's 506, Vision Conservtion Program, and Technical Bulle-
standards themselves have no statutory authority. tin, Medical (TB MED) 506, Vision Consetion,
Their purposes are to eliminate the duplication of constitutethebasisforvisionconservtioninthearmy.
standards and to develop a single, nationally accepted Because army regulations are ever changing, readers
standard. The ANSI standards that apply to vision, should contacttheLUSAE-Aforthelatestpublications
and that have been (or will be) adopted by the FDA or that pertain to vision conervation."
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THE VISION CONSERVATION PROGRAM

An effective vision conservation program requires lemsthat maydecreaseworkerproductivity, or, worse,
a team of dedicated industrial and healthcare profes- lead to accidents. Workers who fail the vision screen-
sionals: (a) an optometrist, an ophthalmologist, or ingshouldbereferredforacompletevisionevaluation
both; (b) an occupational health physician, an occupa- to correct the visual deficiency.
tional health nurse, or both; (c) an industrial safety Eye-hazard analysis requires the industrial hygien-
specialist and (d) an industrial hygienist. The installa- ist or theinstallation safetyspealistorboth, to evalu-
tion medical authority (IMA) is responsible for ap- ate every operation within the workplace, and to
pointing an optometrist as the installation vision con- identify-and then mark with warning signs-all eye-
servation officer (VCO). In the absence of an hazardous operations. Once these hazards have been
optometrist, an occupational health nurse may be ap- identified, the installation safety office should estab-
pointed as the acting VCO. The installation VCO is lish a job-title list that identifies those employees (by
responsible for managing the installation s Vision name) who work in eye-hazardous areas, the type of
Conservation Program, including assisting the indus- work that is done in each area, and the type of protec-
trial hygienist in identifying eye-hazardous areas and tion that is required for the job. At installations with
operations, advising the safety specialist on appropri- access to the Occupational Health Medical Informa-
ate eye protection and vision-related safety issues, tion System (OHMIS), the industrial hygienist should
ensuring that employees working in eye-hazardous enteralldataabouteye-hazardousareasintotheHealth
areas receive periodic vision screenings and visiot Hazard Information Management (HHIM) system,
examinations, and prescrbing the appropriate corree- which is discussed in detail in Chapter 4, Industrial
tive lenses for industrial safety glasses. The occupa- Hygiene.
tional health physician or nurse is responsible for Accident prevention can be a significant step in
monitoring the visual health of all employees, espe- reducing or eliminating eye injuries. Safety training
cially those who work in eve-hazardous areas, and for and motivation programs should also be utilized as a
referring workers to an optometrist or ophthalmolo- means for increasing safety awareness.
gist if they either fail the required vision screening or Total participation requires that eye protection be
sustain an eye injury while on the job. The industrial worn by all individuals (commanders, managers, sol-
safetyspecialistisresponsibleforapprovingal orders diers, civilian employees, visitors, and contractors)
for pkno (noncorrective) and prescription industrial when entering or working in eye-hazardous opera-
safety glasses and for enforcing the wearing of safety tions or areas. Plano safety glasses for visitors should
eyewear throughout the workplace. The industrial be stocked at the installation safety office and at the
hygienist is responsible for evaluating the workplace entrancestobuildingswith eye-hazardousoperations.
for eye-hazardous operations and taking action to Education greatly enhances the effectiveness of a
reduce the risk of eye injuries. vision conservation program. All employees should

An effective vision conservation program consists be instructed in the proper use of eye-protective de-
of the following essential elements, all of which will vices and should be reminded of the benefits of the
enhance vision, increase productivity, and reduce the program. A multidisciplinary team including plant
risk of industrial eye injuries: (a) command and man- supervisors, the occupational health nurse, the occu-
agement commitment, (b) vision testin& (c) eye-haz- pational health physician, the industrial hygienist,
ard analysis, (d) accident prevention, (e) total partici- safety personnel, and the optometrist should develop
pation, () education, (g) enforced use, (h) fitting and the education program.
maintenance, and (V) emergency first-aid procedures. Enforced use is perhaps the most important, yet the

Command and management commitment is abso- most overlooked, element in an effective vision con-
lutely essential fora dynamic vision cnservation pro- servation program. Military and civilian supervisors
gram. Commanders and supervisors bear the moral should not hesitate to insist that soldiers and civilian
and legal responsibility for preventing eye in.ries, employees wear their industrial safety glasses. En-
Written po,'cies and local standing operating proce- couragement and rewards, rather than disciplinary
dures should be published to add emphasis and en- procedures, should be used to encourage compliance,
courage compliance with the program. and whenever practicable, individuals who do wear

Vision testing is utilized as part of preplacement appropriate eye protection should be praised or pub-
and periodicphysicalsto find uncorrectedvisi lprol- licly rewarded. However, commanders znd manage-
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ment should publish the disciplinary procedures that wear eye protection that is ill fitting or does not work
will be implemented when civilian employees or sol- properly. An optician or qualified technician should
diers fail to comply with the safety rules and regula- be available to adjust safety eyewear, both prescrip-
tions for wearing industrial safety glasses. Typically, tion and plano. Lens-cleaning stations, stocked with
these consist of lens-cleaningsolutions, tissues, and antifogging prod-

ucts, should also be available throughout the plant.
"* a verbal or written warning for the first infrac- Emergency first aid should be taught to all soldiers

tion; and civilians who work in eye-hazardous areas, espe-
"" a 1-day suspension, invoked if the individual's cially where a chemical splash is possible. Those who

noncompliant behavior persists (soldiers may work in areas where airborne foreign bodies (such as
"be subject to disciplinary action under the Uni- dust) make superficial injuries likely should be taught
form Code of Military Justice); and how to irrigate eyes with water. Those who work in

"* initiation of steps to remove habitually areas where ballistic wounds (penetrating injuries
noncompliant individuals from the job. caused by promctiles) are possible should be taught

simple eye-patch and eye-immobilization techniques.
Fitting and maintenance of eye-protection devices Those who work in areas where chemical hazards are

helps to ensure wearing compliance. Shops should be likely should be instructed in the proper use of eye-
discouraged from ordering inexpensive, nonadjust- wash fountains and in methods for retracting co-
able plano safety glasses; lik•ewise, workers should not workers' eyelids.

OCCUPATIONAL VISION

The occupational vision element of the Vision Con- ings at the occupational health clinic, while soldiers
servation Program consists of vision screenings and receive their vision screenings at the physical exami-
examinations. It is directed toward ensuring that nation section (as part of a routine physical) or at the
soldiers' and civilian workers' vision is at least ad- installation optometry clinic.
equate-and preferably the best possible-to enable Binocularvision screeninginstruments (FigureS-1)
them to work productively, efficiently, safely, and are more accurate than a simple Snellen eye charL
comfortably. At a minimum, workers must be able to While a Snellen chart can only evaluate visual acuity,
see well enough to perform their jobs safely, without modem binocular testing devices check multiple vi-
risking injury to themselves or their fellow workers, or sual functions, including-
face job reclassification. If resources are available,
workers should be provided a full range of vision * central visual acuity at both a distance of 20 ft
services as a means for increasing productivity. Initi- or greater and at the nearpoint (13-16 in);
ating and manintaining this element of the program * musclebalanceandeyecoordination(theabil-
presupposes that economic gains will follow, better ity tokeep the eyes pointed or directed toward
retention rates; increased trainingefficiency; improved an object);
job performance; greater job safety; and, for civilian * depth perception (the ability to judge the spa-
workers, better industrial relations. tial relationships of objects); and

e color discrimination (the ability to differenti-
Sreenings ate colors correctly).

Vision screenings are designed to evaluate an In addition, auxiliary lenses can be used to adapt
employee's visual system, the results of which may be these instruments for evaluating visual acuity at inter-
used to help select personnel for employment or to mediate distances. Some testing instrumentsare even
identify those employees whose vision might need capable of determining rudimentary visual fields (the
furtherevaluation. Vision screenings, however, shotld area of space visible to an eye).
not be confused with vision examinations; vision
screenings superficially test a number of visual func- Standard
tions, while vision examinations are more thorough
and aredirected toward remediatinga visual problem. During World War II, Joseph rdfin and a team of
Civilian workers generally receive their vision screen- researchers at Purdue University studied more than 4
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Fig. 8-1. The Armed Forces Vision Tester (AFVT), left, has been used for screening soldiers for decades and is still in use at
most military entrance processing stations. The AFVT is mechanically operated, highly reliable, and is made of heavy-gauge
steel. The AFVT is gradually being replaced by a new generation of lightweight, portable, and electronically operated vision
screeners, such as the litmus 1I Vision Screener, right. Other similar new vision screer&rs include the Optec 2000, manu-
factured by Stereo Optical, Inc., and the Sight Screener I1, manufactured by American Optical Company.

million workersat thousandsof different job sites. The vision referrals. For example, while it may have been
purpose of this research was to improve industrial perfectly acceptable to allow a plumber with 20/30
production during the war, a time when the healthiest vision to continue working at his job (vision standard
males were unavailable, by maximizing worker effi- no. 5) during World War II, today's standard of care
ciency and reducing industrial accidents. At the con- mandates that this worker be referred for a complete
clusion of their research, they developed minimum vision examination to correct his visual acuity to 20/
vision standards for six different categories of jobs." 20. If,aftera thorough visionexamination,theplumber
Applying these standards to job applicants ensured has a best (corrected) visual acuity (BVA) finding of
that their visual acuity was adequate for the job and 20/30, interpretation of vision standard no. 5 suggests
determined', and when they needed tobe referred for that the worker can still perform his job safely and
vision correction. Asa resultof this research initiative, relatively efficiently. If the plumber's vision deterie-
industry, including the DA, has universally adopted rates (eg, as a result of cataract formation) to a BVA of
the six job vision standards. They were created before 20/50, then his duties should be reduced or he should
the advent of video display terminals (VDTs) and be reclassified into a different job until his cataract is
personal computers (PCs), however. To correct for rem- oved and his vision improves.
this, The Surgeon General added a seventh vision There may be times when stricter vision standards
standard for VDT operators serving in or working for should be adopted. In jobs with higher-than-usual
the U.S. Army (Table 8-1). risks to eyesight and personal safety, the usual job

Further research and industrial experience have vision standards may be inadequate. For example,
shown that individuals who meet these standards depth perception is critical for machinists, who may
should be able to perform their jobs safely and effi- require stricter depth perception th-an 50 seconds of
cently. However, these vision standards are often arcasiisted in vision standard no.4. Color perception
misinterpreted and should not be used as criteria for may not bea requirement forevery job, but it might be
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TABLE 8-1

RECOMMENDED JOB VISION STANDARDS

Vision Job Acuity Muscle Balance Color Depth
Standard CaWtgory Distance Near Distance Near Vision Perption

I Administrative and clerical 20/30 20/25 4 eso 4 eso Normal NA
20/25 OU 20/22 OU 5 exo 5 exo

0.5 vert 0.5 vert

2 Inspector and assembler 20/35 20/25 4 eso 4 eso Normal 50'
20/30 OU 20/22 OU 5 exo 5 exo

0.5 vert 0.5 vcrt

3 Vehicle driver, crane and 20/25 20/35 4 eso 4 eso Normal 40"
fodrift operator 20/22 OU 20/30 OU 5 exo 5 exo

0.5 vert 0.5 vert

4 Machine operator 20/30 20/30 4 eso 4 eso Normal 50
20/25 OU 20/25 OU 5 exo 5 exo

0.5 vert 0.5 vert

5 Skilled trac' ,s: Plumber, 20/30 20/25 4 eso 4 eso Normal 50"
millwright, and electrician 20/25 OU 20/22 OU 5 exo 5 exo

0.S vest 05 vert

6 Unskilled trades. Porter, 20/30 20/35 NA NA NA NA
warehouseman, and laborer 20/25 OU 20/30 U

7 Video dislay terminal 20/30 20/30t 20/25 NA ortho NA NA
operator 8 exo

0.5 vest

"Unlike the other. earlier standards, this one has an additonal, intermediate distance visual acuity requirm
itermediate tesn standard

NA: not applable
0U: both eyes
es. esocuhoia, the amount of inward turning of the two eyes. relative to each other
cc exophoria. the amunmt of outward turning of the two eyes, relative to each other

ortlho arthophoia. the eyes directed toward infinity, the absence of eso- and exopimo
vert vwrtiu pfww, the amount of upward or downward turning of the two eyes, relative to each other

a necessity for certain workers such as electridians or significant vision complaints, (b) fail the vision screen-
painters. Because 8% of all males and 0.5% of all ing (according to predetermined vision criteria), or (c)
females are color blind, only those with superior color fail to meet the minimum vision standards for their
perception should be placed in jobs that involve col- jobs. Determining why an individual failed a vision
ored wiring codes or colored dyes or paints. Because screening is best left to the professional judgment of
color discrimination declines with age (due to mild an optometrist or ophthalmologist. Military person-
sclerosis or yellowing of the crystalline lens), these nel are required to obtain their examinations at the
employees, when they reach 40 years of age, should nearest MTF. Civilians who work in eye-hazardous
have their color vision checked during their annual areas will either be provided vision examinations at
vision screening or physical. government expense at the nearest MTF or be reim-

bursed for an examination at a private facility. Other
Examinafims federal civilian employees (those not working in eye-

hazardous areas) who fail the vision screening must
Civilian woikersand soldiers should be referred for arrange and payfor theirown vision examinationsand

a complete vision examination when they (a) have eyeglasses.
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EYE SAFETY

Eye safety is the element of the Vision Conservation fireworks injury. Alkali bums were the most common
Program that attempts to eliminate the incidence of chemical injury. These bums can occur when lye or
eye injuries. Whether the setting is an industrial plant, commercial drain cleaners come into contact with the
a military training exercise, or a battlefield, civilian eyes (eg, during domestic assaults or accidents)!2'
workers and soldiers can be exposed toa variety of eye
hazards. Military commanders, industrial managers, Industrial Eye Injuries
and supervisors must understand that eye-hazardous
areas and operations exist and must ensure that these Almost 70% of all industrial eye injuries result from
hazards are periodically surveyed by the industrial flyingor falling objects that strike the eye. Nearly 60%
hygienist: Initial efforts to reduce the risk to workers of the objects that cause these eye injuries are smaller
and their vision should be directed toward instituting than the head of a pin and travel at high velocities. An
engineering controls, administrative controls, or both. additional 20% of industrial eye injuries are caused by
Additionally, installationsmust provide workers with chemicalswhiletheremaining 10% resultfromobjects
personal eye protection thatis commensuratewiththe that swing from a fixed position (such as tree limbs,
potential risks to vision, meets or exceeds the legal ropes, chains, or tools) and are unexpectedly pulled
standards, is comfortable to wear, and is cosmetically toward the worker.s
appealing. A Census Bureau study done in 1980 showed that

63% of all work-related eye injuries occurred within
Incidence of Eye Injuries the construction industry. Of the eye injuries that

occurred there, the most prevalentwere to metal work-
Two recent studies have evaluaied the nature and ers and welders (20%), followed by plumbers (8%),

degree of eye injuries. According to data from the carpenters (7%), electricians (4%), and painters (4%).
National Health Interview Survey (the value for N is The other major group of eye injuries was sustained in
not available), most ocular injuries that cause severe the automotive-repair industry and accounted for 18%
visualimpairment occurwithin thehome (30%),while of work-related eye injuries.0
the workplace is the second most common location The relatively high number of eye injuries that
(27%).ý Using data that were recorded in the Eye occur in industry each year is surprising, considering
Injury Registry of Alabama (EIR.A) from a study of 736 that the surface area of the eyes is only approximately
seriouseyeinjuries thatoccurred August 1982 through 054% of the entire frontal body surface area. Experts
May 1986, the most common sites of eye injuries were beieve that at least 90% of workplace eye injuries cuMM
the workplace (28%) and the home (27%), followed have been prevented had the worker simply used
closelyby recreation sites (25%) (Figure8-2). Othere-e industrialprotectiveeyewear.' According totheBureau
injuriesoccurredduringcriminalassaults(ll%),while of Labor Statistics, almost 60% of workers in selected
traveling (5%)O, and at school (1%). Plotting the databy occupationswhosuffered impacteyeinjurieswerenot
age revealed that individuals 20 to 29 years of age had wearing eye protection at the time of the accident.
the highest rate for eye injuries (32%), followed by Most of the workers who wore eye-protective devices
individuals 30 to 39 years of age (25%) (Figure 8-3)P and still sustained an injury were wearing the wrong

The EIRA study also found that blunt instruments kind of protective device for the particular hazard."
were responsible for the most eye injuries (32%), fol-
lowed by sharp instruments (23%), hammer-on-metal Militarily Unique Eye Injuries
(chips that fragment off while metal is hammered)
(l1%),gunshots(8%),BBgunsorpelletguns(7%),and The number and incidence of ocular injuries has.
fireworks (4%) (Figure 8-4). Blunt trauma was caused increased with each military conflict(Table8-2). More
by objects such as fists, tree limbs, thrown projectiles accurate recordkeeping probably accounts in part for
(including balls), and objects propelled by lawn mow- this trend, but a second and probably more important
ers. Penetrating trauma was caused by broken glass, reason is-that the weapons used in modern warfare
fish hooks, tree branches, nails, screws, scissors, and increasingly depend on fragmentationastheirmechan-
thorns. Both extraocular and intraocular metallic for- ism of injury. Modern ballistic weapons are designed
eign bodies were caused by hammer-on-metal inju- to breakup into thousands of small-mas, high-velocity
ries. Bottle rockets were the predominant source of metallic fragments. These tiny fragments not only
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TABLE 8-2 A change in the prevalent mechanism of injury in

INCIDENCE OF OCULAR !NJURIES IN ocular casualties has occurred with technological ad-
INCIDENCE OF O A J Svances in tactics and weaponry. Prior to the 1973 YomKippur War, the vast majority of eye injuries were due

to the fragmentation of artillery projectiles. With the
All Casualties changes in tactics, only 14% of the eye injuries that

Military Conflict Date M) weresustained duringthe 1973Yom Kippur Warwere

American Civil War 1861-1865 0.7 due to artillery projectiles. Instead, antitank weapons
caused the highest number(72%). Sixty-fivepercentof

Franco-Prussian War 1870-1871 0.81 thesoldierswho sustained eye injuries were intanks or

Sino-Japanese War 1894 12 armored personnel carriers, with tank commanders,
tank crews, and armored infantry being the most vul-

World War I 1914-1918 2.1 nerable. Only a minority of eye injuries were inflicted

World War II 1939-1945 2.2 on soldiers in open spaces. SY

During peacetime, while troops are garrisoned, ac-Korean War 1950-1953 4.1 curate eye-injury data have been difficult to obtain. To

Vietnam War 1965-1972 6.0-9.5 date, the army has neither an eye-injury data-collec-

Arab-Israeli tion form to collect such information nor a database
Six-Day War 1967 5.6 from which to analyze it. However, it is not unreason-

Arab-israeli able toassumethatstatisticsconcerning civilian indus-

Yom Kippur War 193 6.7 trial workers might also apply to peacetime active-
duty soldiers&" Data collected from army personnel

Arab-Israeli during 1977 to 1981 revealed that 3,556 eye injuries, or
Lebanon War 1982 6.8 approximately 710 eye injuries per year, had occurred.

However, these figures are probably low because they
Smces: (1) Bedkin M. Original unpubWWd nrseacd 0pkndos* include only soldiers who were hospitalized with eye
LamstheIMs1973 1?krPretiofCcuI r Warn 1ine.Jens isurad: injuries and excludeall soldiers who were examined in
HadassnUnivmtyHospi•Dept oOphthalmog.()H A. outpatient clinics. An analysis of the data reveals that
Eye ir~uies in the militazy. mnt rinlCi 1919-,21:121-13& the most prevalent causes ot .-ye injuries were machin-

ery or tool accidents (20%), land-transport vehicles
cause vision-threatening injuries, but worse, they can (16%), athletics or sports (12%), falls or unspecified
also cause the loss of one or both eyes. (If these agents, (9%), and guns or explosives (7%).2'
fragments were randomly to strike any other part of
the body surface, the casualty might not even require Ballistic and Mechanical Hazards
evacuation from the battle zone.)

Eachrecentconflicthasprovidedvaluableinforma- Ballistir and mechanical hazards are ubiquitous
tion on the nature and extent of eye injuries that can both in the industrial environment and on the battle-
occur when inadequate eye protection is worn. In the field. In industry, these hazards tend to be associated
Six-Day War (1967), 25% of all eye injuries were perfo- with metal shops (withequipment such asmetallathes,
rations of the globe. In one battle for Jerusalem, there drillpresses, and punchpresses) and automotiveshops
were only 100 casualties; 40 of them had perforating (e& rust particles can fall into the eyes of a mechanic
eye injuries. Ninety percent of theseinjuriesweredue who is working under a vehicle). During military
to small-mass, high-velocity fragments, and nearly training exercises and under battlefield conditions,
25% of the injuries were bilateral perforations.56 Dur- many soldiers sustain ocular injuries when branches
ing the Vietnam War, an American soldier who was snap back into their faces, mortar or grenade frag-
struck in the eye had a greater than 50% chance of ments strike their faces, or rounds from their ewn
losing it.s As a response to this r-te, a primitive form weapons explode.
of polycarbonate eye protection was tested on First
Cavalry Division soldiers. This has led the U.S. Army Foreign Bodies
Medical Department (AMEDD) and the US. Army
NatickResearch, Development, and EngineeringCen- Projectilesthat impactand are retained onoraround
tertodevelopprototypesofeyeprotection:theBatlistic/ the eyes are called foreign bodies. They are generally
Laser Protection Spectacle (BLPS) and the Special classified as metallic or nonmetallic, toxic or nontoxic,
Protective Eyewear Cylindrical System (SPECS). and penetrating or nonpenetrating.
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Civilian workers or military casualties with non- iner and may have little or no associated pain (other
penetrating foreign bodies of the cornea (Figures 3-5 than the initial insult to the eye). In many cases the
and 8-6) requite referral to an ophthalmologist or entry wound is so small that diagrnsis at the worksite
qualified optometrist for removal. Superficial foreign is difficult, a hole in the iris or an irregular pupil may
bodies (those that are located on or within the corneai be the only evidence that the worker has sustained a
epithelium) should be removed wvith irrigation, a penetrating injury. Fifteen percent of all intraocular
r ee..• -, or a spud (a blunt. metal probe). Embedded foreignbodiesareretainedintheanteriorchamber,8%
foreign bodies or those with rust :Ings from iron- inthelens,70%intheposteriorchamberand7%inthe
centaining metals usually require removal with an orb.LR A worker who suspects that he or she has
Alger brush, dental burr, or large-gauge needle. For- sustained a penetrating injury from a foreign body,
eign bodies that penetrate into the conteal stroma will and who was not wearing appropriate eye protection
ultimately leave a scar. The resultant degree of visual at the time, should be referred immediately to an
impairment will depend on the scar's location: thcse ophthalmologist for evaluation, radiography, diagno-
that are closest to thecenter of the cornea will produce sis, and possible surgery.
the greatest loss of visual acuity.

Penetratingforeignbodies(Fligures8-7,8-8,8-9,and Blunt Trauma
8-10) breach the correa or sclera. These injuries usu-
ally occur during mechanical operations such as ,-igh- A direct blow to the eye by a blunt missile (such as
speed drilling, mechanical grinding, and pneumatic a clenched tist, a squash ball, or even a champagne
riveting. These perforating wounds of the cornea or cork) can produce one or more of the following signs:
sclera are often small and barely visible to the exam- hyphema (a cullection of blood in the anterior chain-

H&g &-& Small, uperfical, peripheral foreign bodies, such as ihat shown on the low temporal portion of thecornea of the
left eye, arp o&ten blown into the eye. These .sperfici inreign bodies can be easily removQd (after the -ornea as been
dnesthetized) with a needle or spud and kive little ., no residual sarring. After the foreg body has been removed,
zreatmei. consists of topical antibiotics, analgesiic, at,.O a pressure patch (if the patient is uncomfortable); topical steroids
should avoided because they wrill ilow healing. Photograph Cowrtesyof Cebnel FranciG. La Pianawalte• Red Army
Medical Certer, Washington, DC.
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Fig. S-& Iron-contining metallic foreign bodies are typi-
cally projected onto the eye and leave a rust ring, which
muist eventually be removed with a spud, needle, or Alger
brush if proper healing is to occur. The rust ring picture
hure (the metallic foreign body, has already been rmnoved)
shows that the orginal metallic foreign body struck the
cornea with minimal forc, with damage limited to the
cornea epithelium. However~, foreigribodies that penetrate
beyond the corneal epithelium into the corneal stromna will
ulmtiitly leave aco neal scar;scarrngat ornear the visal
axis (the line ofl3ght) can ultimately degrade visual acuity,
depending ont the size and density of the resulti scar
tisssiPha~ph.Cowe~y&fColonelFrancisG.LaPlan,
Walte Reed Army Medical Center, Washington, Dc.

FS.-7.Alarehlbw lbrpenetratedtebiwe tempou-olmbofth lelttyeoallauthd~der whowasnctweaing
eye p(Dtcctc Theommne and urs rmot were involved and oplithalrnloIcal surgery was required. Because he injury was
periperal to the visual axis, ttore was minimal effec on visual acuity; howeme, the worke missed severl days of work.
Phzttgraph: Courteqy of Colnei Francis Q. La Plana, Walter Reed Army Medical Center, Waahington. DC.
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Fig.8-S. Foreign txxlio'ften hav sufficient velocity to p rorate the cornea oe sclera-pa.sstng through internal structures.
such as th-t.at-utou -. iris, and vilreous-and Lan penetrate the lens or retina. Workers 'mw not be iullv aware that they have
s~uffered an eve injury; the only Osible signs may be some minor rentessof the eye tan additional hole in the rins. These
worker--. must tx- referred for evaluation and pos~sible surgical treatment immediately. Industrial s.afety glase.'.might have
p~recluded this injury.

Fig. G-9. 1Vh,-zwvert. wortker %xt%jx-t% that a pweitratingeye'inpiri his tic cuwrted. fýv or she should Kit roo.erredi rw radiography
and ft nht r e' aI*; iion The ix-norating metallic foreign bodv i'n thex right t ve tu' vasih% wen in this r udtographit (Water*;)
vititv I'lnoto 1,raph (. £urite'.of aidTle;frd. etn rsnl5lutvi.Alaa
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Fig.8*10. \%ontpute-d t:mioraiph ((7U) ' oin tten iietul in Ldoernhir.IniI!th.e ev t hiatwin tit a penetr.'tmg toresgni bt'd%
it~~~~~~ h.u-gi:. Mei~a iýr~urd ± ge toreign lxodi is lod ged on 11,e na.i ~I re'tmni na thle right v% v. PI 'httogra jil.

K.-0e; %tiblivatloii (di-lto-otion) (if thecrv-,talline lew.; a cattti len'.ý and appro~inatel% T, %%il develop glau-
blowoui fracture of the orbittii floor or nwim.i %%all; conu~ in lateLr vcav-s. Five Ito tell lvrcer~t tit traumnatic
iridodtialv'.i' (a nipti.r,-or tear of th', iri- frow it!, hase h% phemas req~uire ur~gital repair. CompletebeIx-rest
on the- ciliam body); traLifl..hiC upiillary inndriasils is indicafed. and ax, ophthAlmologist should follow
(dilation .aii.ed b% tenilrarn tir ;rnianent pira~syi'. thlis codition to ensure that additional damlage to the
tot the '.phincter rnunle tif the pup-il); trxumatic iritis; eye, which reai not It-. e hxvn apparent initial,., did

vitroushemrrhge; and retinal licmarrhago. ivars. nt xr
ordetaldinient'. Fthe-e -igns,-dl retlu ire tha t th-vpatient In a blowout fracture of the orbit, the energ'. of thv'

I-referred ininiediatelh toanophthanlmogtvis. Blurnt impat forces the contents of the orbit (the eve, e%.
traumna nma al-Ao bev chracteri/ed b-. ecchvnlisis- (. traoctular muscles. neuro isaculatuft-. and orbital ta1)
black eye), ,ukxonjunctihal hemorrhage. and twa-etherdowniard, fracturing the orbitas 1titirand forc-
'.ionallv.crepitus (air leaking under the skIro) ifa -sinws inug sime tof the orbital contents into the ma~illarx
has- been injured. shinls, wnia'.alwarJ. frat turing the' wall of ihe ethmnoid

Trauniatit It% phemna' (igtirt, S- It1) range from !.dd, sinuss.Asrelt n.thnn(heeinsitte
~~herein onl% a lteir "' thrtx vtesare found ?hoailng in orbit).dir-lopia (dultib) rdentrapment tif llth

the anterior chambe-r dtrintg .litlanip e'amininativn. to emtram-War mutt le~s in the rnuullar% sinus or the eth-
;ur!:id. wherein MW txi ul' in the lower portion oft the nioid sinus, can -:ccur.
anterior chambeir; to tot!al. wh-herein the aiiterior chani-
lier . irtualltv fill- with bltxxt. Partia! hy phenia' iire Chemical Hazards
tisuall ' remirbed through the trabecularnmeshwork ot
the anterior t. hainiber within a teu dlav.. I however. While all eye upinjuris are considered to be piten-
appro~iminael% 20~', of li~ phenuia. reblved 3 to 5dav~b tiallk N isio:'.hra eng an r inre situations.
after the injuný Of the cel e that reblecd or have an thernuial ev e injuries nwi't bev treated ininuediatel%,
initial lot.t; hiy;ihenia. 2111; to :4'. will be left with even befoire the victimn is. transpoirted it) a medit al
%i'.ual atuit', of 2tl '4(1orwi~rse. Eight percent of thte facilit% for ddiniti~e %,.aru. All ditsittI liniurws'. osqy

injurd e~s tht niinifst h phea wil kve a islo ,i t Io4.- M1al h.tI~d~l INN -i~nt iý* n11am, 1hrw i
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Fj&8-11. Hyphemnas are usually caused by blunt trauma to
an unprotected eye and vary from mifld, in which there are
a few eryrthrocytes in the anterior duamber, to total, where
the entire maiterior chamber fills with blood This eye has; a
partial hypherna. It resorbed within a week with no loss of
vison All workers who suffer blunt trauma to t!e eye and
advnx should be referred for evaluation.

vision. The intact epithelium of the cornea resists match orciprete, orfaluper cables provoke an
damage from a rathe wide pH range; howeve;, a epoin
chemica with a pHi less than 4 or greater than 10
increases cellular permeability of the corneal epitite- Alkali Brims
liumY. Immediate irrigation with water car. help to
prevent further loss of vision. Any delay in treatment Alkali burns may initially appear innocuous, but
can cause pain and irreversible loss --f vision. they tend toprogress rapidly and have a poorer prug-

Any material that is labeled as an irritant or a nosis thav do acid burns(FigureS-13), Alkaissochas
corrosive can cause eye hipjtry. Anterior segment lye, lime or plaster of Paris, oramnmor~a car. patetrate
burns from Mace or tear gas shcolJd be treated as to damnage the deeper structures of the eye. Alkali
chemiucal burns Ocular injur from sparklers or flares burns tend to be more severe because alkalis combine
that contain magnesium hydroxide should also be rapidly with cell-membrane lipids this disrupts the
managed as chemical, rather than thermal, burns; if '-irostructure of the cell and the stromal inucopoly-
left untreated, the mtagneiumn hydroxide wil! con- saccharides, causing the eye tissu to soften. Thus,
tinue to cause damage~ to the eye long after the effects alkali burns off the eye require immediste but careful
of tOe ftermal damage have subsided.2' decontamination and treatment.

Acid Bwun Evg~xaiox ard Tvuatomet

Acid burns rapidly damage supeficial tissues but Chemical burns to the eye are classified as mild,
are neutralized by protein barriers (which prevent moderate, or severe. Mild bumis cause corneal
deep penetaton) within the firstfew minutestohours opecification, blurring of iris detail, and minimal
(Figure 8-12). There are several exceptions, such as ischemic necrosis of the conjunctiva and sclera.
hydrofluoric acid or acids containing heuvy metals, Reepithelization will be sluggish and a mild cornedl
which can produce a penetrating injury because they haze will form, usually revulirng in mlr~imal los of
resist the protein harrier. Autorrbile-batwey explo- visual acuity. Moderte burns cause stroinal
sions arm probably the most common cause of acid opocification, with winceasd cornea thldciawe and
burns to the eyes These injuries tend to occur more considerable iritis. Supericilal neovascularizatioa of
frequetly during th winter months when a lighted the cornea and conjunctiva may leave persisen eli-
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Fisg S-12 Acid burns to theeyes aremost commuonly caused by battery explosions~as was this one. The fadtthat thecasualtY'S
upper lid prevented damage to the superior portion of the cornea is of little consolation. After the initial chemical traumna
to the corneal epithelium, ni-Acmi barriers limit deep penetration by the acid. Workers in jobs with higher-than-wnoral risk,
such as chemists and battery maintainers, should wear chemical goggles and a face shield.

H&~ 6-13 Cautic aliral bumns to the eye tend lo beymare serkxus ard deb~iaatn d= addbursT'hiscorrm isyexrlemeyderAtous
adbnd Nrhnoftecmchvzl d anonnd Tbpv%&dfurtherdamageand deepitssuepenetaomDkab bum
mxzs4 be, iniat with wier mneidiately nnairr mwit Ccnhnu wiiie the aguh)t is traruofle k)a med"tratrytbent waility.
Photcgrapb: Courtesy of Colonel Francis G. Ua Pina, Walter Reed Armv Medic.-l Center.- Washington, DC.
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Fig. 8-14. Severeacd oralkali bums that have not been protnptly and thomoughy irrigated wt wateroften result inpem nent
corneal opadficaticn and neovasculrization.AfIUhx cnmneatranplaantbreskievisionmthiseyewllbedifficuktoperform
because the vessets have encroached on the central .omea. If a comeal transplant is not possible, then this woer could wear a
cosmetic soft contact lens with a painted iis. These lenses restore only the appearance, and not the functio of the damaged eye.

thelial defects that ultimately lead to stromal thinning eyes open, and topical anesthetics may be needed to
and perforation. Permanent visual impairment invari- relieve the pain.
ably results (Figure 8-14). The most severe bums
(usually alkali burns) cause marked corneal edema Eyewash Fountains
and haze, along with blanching of the conjunctiva and
sclera. Due to the blanching effect of the damaged ANSI Star-daW Z358.1-1981 gives directions for the
cornea, any underlying iritis may go undiagnosed. pr.-erinstaliationandmaintenanceofeyewashfoun-
Ulceration eventually occ-urs and perforation. due to tainsand showers. Becausethe first l5seconds follow-
collagenase-like enzymes that are rekaied to heal the inga chemical splash arethe most critical, thestandard
inflamed tissues, may emnue.• recommends that eyewash fountains and showers be

This cannot be overemp-hazed: chemical burns-- located as close to chemically hazardous sites as pos-
esimcially alkali-must be treated immediately. Erner- sible, preferably within 50 ft. Thestandard also recom-
gency treatment involvs copious irrigatiorn using the mends that all eyewash fountains be installed at the
i'wlst readily avaitable wafer. Do not wait for a sterile same height and in the same position and operate in
physiogical or chemical neutralizing •oludion. The thesamemannerthroughout theworkplace. Hand-or
rescuers should hold the victim's eyelids apart even foot-operated valvesmustallow theeyewash fountain
though spasm of the orbicularis oculi muscle can make or shower to remain on after they have been activated.
this extremely difficult. During the initi 15-inute Furthermore, the standard recommends that eyewash
lavage (asa minimum), the rescuers should telephone fountains be identified with a sign and that the sur-
the nearest emergency room or ophthalmologis's of- rounding area be painted a bright color, such as high-
fice to inform the staff of the victim's pending arrival, visibility yellow and black. If feasible, an alarm
After thecasualty arrivesatthe MTF, inigationshould should be installed on the fountain and should sound
continue for at least 1 hour or longer, or until pH when the fountain has been activated, to notify fellow
(litmus) paper demmwa tes that the conjunctival pH workers that a chemical a"cident has occurred.
is normal (the pH has returned to 7.3-7.7). Eyelid Eyewash fountains should be checked and main-
retractors may be necessary to keep the victim's eye or taied routinely. Plumbed eyewash fountains must be
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Fig. 8-15. Eyewash fountains and showers should be (a) located within 50 ft of a potential chemical hazard, (b) accessible,
and (c) painted high-visibility colors. The hand- or foot-operated valves must allow the eyewash fountain or shower to
remain turned on after being activated. Because chemical trauma to the eyes can cause severe spasm o! the lid musculature,
victims may be unable to open their eyes by themselves. Workers in chemically hazardous areas should be instructed on
assisting injured coworkers at eyewash fountains.

abletodeliver3gallonsofpotablewaterperminute for zoa found in soil, air, and water, and have been cul-
15 minutes (Figure 8-15). In remote sites where a tured from water standing in the pipes of eyewash
plumbed watersourceisnotavailable, self-contained, fountains.L" Eyecare specialists are concerned that
portable eyewash sations must be able to deliver 0.4 acanthamoeba organisms could be introduced when
gallons of water per minute for at least 15 minutes." theeyesarelavaged atacontaminated fountainaftera
However, the use of portabie eyewash stations (espe- chemical splash. Acanthamoeba keratitis, a rare but
cially gravity-flow eyewash stations) is generally dis- serious infection of the cornea, has most often been
couraged because the holding tanks must be cleaned associated with contact-!ens wearers who use home-
reguiarlyand thebacteriostaticwater, whiciisexpen- made sahne solutions made with contaminated tap
sive, must be changed monthly. Squeeze-bettle eye- water. To date, there have been no reported cases of
wash stations, which are often poorly maintained and acanthamoebakeratitis following the use of emer-
have a propensity to harbor microorganisms, are pro- gency eyewash fountainst however, to reduce the
hibited by army regulations.•3 riskof ac-nth,-oeba contamination, armypolicy rec-

Regardless of how well eyewash fountains and cmmendsthateyewash fountaibeflushedweekly.
showersareinstalled and maintained,employees must Army policy does not-specify the 'length, of time for
be properly instructed in their use. Training should flusbingtbut scientisc literaeue.recommends 3 min-
emphasize that victims may be unable to open their ute&'
eyes after a chemical splash; the lid musculature can SiLpkemethodsoreyeirrigationtendtoleavechemi-
react so quickly and powerfully that it may be impos- cal res;dua that can continueto destr'.o the remaining
sible for victims to open their eyes without help. cornea, in part because chemical~bwnnvictims fight to

Concerns havesurfaced recently regardingthesafety keep their eyes desed in spite of the absolute necessity
of eyewash fountains. Acanfhamoeba ptyphaag, A. forflushingtheeyeswithwatem. Anewmethodof eye
hatchetti, and A. castellanii are small, free-living proto- irrigation is being used at someernergency roons and
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industrial facilitiesthroughoutthe UnitedStates. The radiation spectrum between the blue end of the
new irrigation method uses a Morgan lens: a large visible-radiation region and the region ,,f X radiation
contact lens that can be slipped between eyelids that (Figure 8-16).
are open only 2 mrm. A small polyethylene tube, The categories of UV radiation are (a) UV-A (380-
which is connected to one side of the Morgan lens, 315 nanometers [in] in wavelength), (b) UV-B (315-
pumps the irrigation solution into the eye. Once the 290 nm), and (c) UV-C (290-100 nm).*-- When indi-
lens is in place, the soothing bath of runnin§5 fluid viduals are exposed to sunlight, UN-A causes human
tends to calm most chemical-accident victims. skin to tan (the radiation stimulates the melanocytes to

form pigment), and UV-B causes skin erythema or
Radiant Energy Hazards sunburn. (Large welding arcs can produce equally

hazardous quantities of UV-B radiation.) UV-C is po-
Radiation hazards can be classified asindustrialor tentially the most dangerous to human health- it is

environmental. Because many types of radiation are used as a bactericidal and germicidal agent and is
found in industrial settings, for purposes of this text- potent enough to kill humans. The ozone layer in the
book they are classified within the realm of industrial earth's upperatmosphere only partialy absorbs UV-A
eye safety. These hazards should be evaluated by the and UV-B radiation; fortunately, however, it absorbs
industrial hygienist and should be reduced or elimi- all solar radiation lower than294 nm. Recent scientific
nated if they pose a threat to the workers' vision or literature reports that the protective ozone layer is
ocular health. thinning, and this could increase the amount of UV-C

radiation to which we are exposed.3 Currently, the
Ultraviolet Radiation only UV-C radiation sources that are detrimental to

human health aremanmade, such asgermicidallamps
UV radiaiion, the most common cause of light- and some large welding arcs, and welders and em-

induced ocular injury, is invisible to the human eye. ployees who work in research laboratories are the
It occupies the iigion of the electromagnetic (EM) most likely to be exposed to it

Fig.1-3 Viil exdiation,aso knownaslight, occupiesa very small region (400-780 rum) of the electomnugnetic spectrum.
Uitravioktanfl.irtfrared radi:ation both invisible to humans, lie just above and below the visible spectum.
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Excessive exposure of the cornea to UV radiation retina. Inaphakiceyes(eyesthathaveneitheracrystal-
causes photokeratitis, an acute ocular condition that is line lens nor a plastic intraocular lens IIOL] implant),
characterized by a massive sloughing of the central UV-A and UV-B radiation may cause retinitis. In cases
cornealepithelium. (Laymen call this condition "snow of pseudophakia (eyes that have had the crystalline lens
blindness' or "welder's flash.") The degree of corneal removed and replaced with a plastic IOL implant),
involvement depends on the victim's duration of ex- ophthalmic surgeons are now using IOL implants that
posure, the content of UV wavelengths that the source specifically block the transmission of UV radiation to
emits, and the energy level of the luminance. The theretina. Despite these med.ical advances, additional
latency for development of symptoms of UV researchontheretinaleffectsofUVradiationisneeded.
photokeratitis varies from 30 minutes to 24 hours, Commercial and industrial sources that produce
depending on the radiation dose that was received. high-UV-radiant exposure levels (such as UV lasers,
Symptoms can range from mild irritation and the welding and carbon arcs, industrial sterilizers, spec-
sensation that an ocular foreign body is present to trophotometers, and devices to photoharden dental
severe photophobia, pain, and spasm of the eyelids. resins) are more likely to produce harmful ocular and
Cinical signs include punctate lesions of the corneal dermatological effects if UV protection is incomplete
epithelium that can be observed with a siodium fluo- or inadequate. Engineering and administrative con-
rescein stain. Therapy for this condition includes trols should be used to reduce the hazards from these
short-acting cycloplegics, such as cyclopentolate (1%) sourcesbeforepersonalprotectivedevicesarerequired.
or homatropine (2%), to relieve ciliary spasm. Topical Workers who are in dose proximity to welding opera-
antibiotics should be applied to prevent secondary tions must be protected against accidental UV expo-
infection. Pressure bandages, sedatives, and anaige- sure with noncombustible or flame-resistant screens
sics are not absolutely necessary but may make the or shields. Inaddition, painted walls should have low
patients mere comfortable. Victims of UV overexpo- reflectivity forUVradiation. Personalprotectiveequip-
sure are usually incapacitated 6 to 24 hours; complete ment (PPE) such as welding masks and goggles will be
reepithelization of the cornea usually occurs within 48 discussed later in this chapter.
hours after the onset of symptoms.'

UV radiation was thought for many years to affect Infrared Radiation and Heat
only the superficial structures of the eye (the cornea
and conjunctiva). But recent studies suggest that the IR radiation occupies the portion of the EM spec-
depth of tissue penetration is wavelength dependent. trum just beyond ,risible red light and includes wave-
The cornea absorbs nearly all UV radiation of wave- lengths 7PO to IOP),0(0 run. IR radiation is used in
lengths shorter than 290 ran, but it allows longer UV industry to dry sd bake paints and varnishes; heat
wavelengths to be transmitted (to pass through it) to metal parts for forging and thermal aging; and dehy-
varying degrees: UV radiation with wavelengths of drate textiles, paper, leather, meat, and pottery.
250 nm to 200 nm (UV-C) primarily affects the corneal Although IR radiation can cause injuries to the cor-
epitheliurn, while LrI radiation with wavelengths of nea, iris, and retina, its damnage to the lens is the most
315 nm to 295 nm (UV-B) tends to affect the corneal likely to degrade vision. MinorlRburnsareusuallyof
stroma and endothelium.x littleconsequence they produce only temporaryedema

While the cornea and the conjunctiva absorb most and erythema of the eyelids and little or no damage to
UV radiation, UV-A and UV-B (depending on their the globe. However, continuous or excessive expo-
wavelength) can be transmitted tothe lens and the sure, such as that from fr-maces or similar hot bodies,
retina. Arecentstudyof838ChesaveakeBaywatemien hasbeen known to produce heat cataracts. This type of
concluded that increased exposure to UV-B radiation lens opacity causes sloughing of the lens cortex and

Sincreases the likelihood that cortical cataracts decreased visual acuity. Opacities of the posterior
(opacification of the cortex or outer covering of the portion of the lens may also be observed! These
crystallinlens)will form• However, thestudy failed cataracts are becoming less common as large indus-
to demonstrate any relationshipbetween UV-A radia- trial blast furnaces become more automated.
tion and any type of cataract, or UV-Bradiation and
nuclear cataracts (opacification of the nuclear or inner- Lawms
most layers of the crystallime lens).

UV radiation can also cause retinal damage. In Lasers generate a beam of radiation that is mono-
phakic eyes (eyes that- ha-e a crystalline lens), UV chrowntic (of a single wavelength) and coherent (all of
radiation with, wavelengths pw&T than 320 nm is the EM waves are spatially in p.ase). The beam has a
transmitted invarying degrees through the eye to the very small angulardimergence (the light does not widen
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significantly over the length of the beam). Depending that lasers pose, an empirical classification system has
on the lasing medium, the output beam may be in the been established to warn users and observers of the
visible radiation region (400-780 nm) and would there- associated risks:
forebe seen as light, orit may bein the invisible (UV or
IR) regions. The output beam may be a continuous * Class 1 lasers are safe under virtually all view-
wave, a pulse, or a train of pulses, depending on the ingconditions becausethe output beam is con-
manner in which the energy is pumped into the lasing sidered to be incapable of causing radiation
medium. damage, and is therefore exempt from any

Laser energy can be transmitted to the eye in three control measures or other forms of surveil-
ways. The most hazardous transmission method is lance.
direct laser epcsure, in which the individual looks * Class 2 lasers are low-power devices that emit
directly into the laser beam. The second and almost only visibleradiation. Themaximumpowerof
equally hazardou.w method is specular reflection, which this class is limited to 1 milliwatt (mW), which
occurs when laser energy is reflected toward the eye is measured by a 7-mm pupil diameter in a
from a shiny, highly polished surface such as a mirror, viewing box (a black-box model, which is used
a piece of flat glass, or even the inside of a tin can. The to simulate a human eye). Because the dura-
method that is least hazardous to the eye is diffuse tion of the normal blink reflex is O.25 seconds,
reflection, in which the laser energy Is reflected toward and 1 mW is not injurious at this duration,
the eye from a dull (noashiny) object such as a wall or Class 2 lasers are considered to be eye safe
a tree. unless a person makes a dehlbrate attempt to

Depending on both the wavelength and the energy look into thebeam fora period longer than 0.25
of the laser emission, individuals who inadvertently seconds.
look at a laser beam may suffer ocular injut and * Class3lasersaremedium-powerlasersandare
possib!e loss of vision. Far-IR le rradation (1,400- s-ubdivided into two subclasses. Class 3A la-
1,000,000 nm) and UV laser radiatko cannot pass sets produce visible radiation that, when
beyond the anterior sh-uctures of the eye. Corse- viewed directly, is not hazardous to visi-,
quently,low-energyUV-ar-i far-IR-laserradiationare however, the beam may be hazardous when
absorbed by the anterior segment of the eye and can collected and directed into the eye, as with
cause photokeratitis similar to welder's flash. High- binoculars. Class 3B lasers produce sufficient
energ-, far-IR radiation will producethermalburns to power to produce injuries when viewed di-
all layers of the cornea, which may lead to permarnent rectly or by specular reflection. Class 3 lasers
corneal scarring, usually do not present a combustion hazard.

Visible light and near-IR laser radiation (780-1400 * Class 4 lasers are high-power lasers. They are
"nm) can pass through the eye to reach the retina. The hazardous to the eyes and skin when there is
degree of retinal damage is directly related to the directorspecular-reflectionexposure, andsome
amount of ambient energy and the length of exposure. very high power Class 4 lasers can be hazard-
Long exposures (many seconds) cause photochemical ous even with diffus? reflecting exposuresý.
damage to the retina, while short exposures result in Class41aserscan present a com bustinhazard
thermal injury. The heat from the laser emission if used improperly.
causes thermal coagulation of the photoreceptors and
other structures of the retina. Pulsed lasers (asers that Sold-ers use lasers for training araid weapons-fire
emitradiantenergyinveryshortlnanosecondslexpo- control (Table 8-3). The Multiple Integrated Laser
sures) ceate intense energy that cannot quickly be Engagement System (MILES) is a Class 3B training
dissipated; consequently, retinal cells explode and laserthatisusedtosimulatethefiringof conventional
create shock waves that mechanically destroy sur- weapons. It is conrsidered to be eye hazardous to a
rounding tissues and cause a loss of retinal function distance of 7 m; beyond 7 m, the energy diminishes
(Figure8-17). Theshorkwavescanalsoruptureblood sufficiently to make it eye safe (unless it is viewed
vessels inthe choroid or retina and cause detachmuent throug.'N an unfiltered telescopic sight to a distance of
of theretina. Blood that hemorrhages into the vitreous 300 m). On the battlefield, two types of fire- trol
"humor can resorb slow,':, and mechanically obstruct lasers are currently being used with modern weapons
vision (Figure 8-18). i h, is event, the prognosis for systems: laser rangefinders, which measure the distance
regaining normal vision is usually poor, especially if to the target, and laser target designators, which irradi-
the damage occurs in the central macular area. ate a target with an optical signature '-&at can be used

Classificafion of lasers. As a result of the hazards as a homing beacon for laser-guided munitions.4"
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e
.Figý8-tZrhh-phoitog.-aphicserws.-Tecoirdsaiiaser eve
miury-ndits-aftermath. The-accidenuiccurred when
.1 .la~er -r~earrch worker accident.AYl viewed a neo-
avmiurrnvttrium aluminum garnet (Nd:YAG.)-
puimpedidve l-ser with his r.ght eve while aligning
the opt5sr along the beam's path; his left eve was not
afiected-Wa ImmedJiately after-the accident, a large
macularhemcwrrage can lx- see~n in the fundus of the
te; visual acuity is less than 20/8Mn. (b) Nine days

liter,scimeof thtvhenorrhagehasresorlied but visual
- aicuitv4VA) is still veryv poor. (c) Fifty-live davs after

te accident, significantly less hemorrhage and little
edema can be seen; VA has improved to 20/0)1. (d)
Seventy-eight days after the incident, only a small
rxjket of hemorrhage remains and VA has improvedi
to 20/30. le) Nearly 6 months (177 d) after the acci-
dent, the macula appears normal and VA has returnied
to 20/20.
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Fig. &-I& Lasers, which destroy retinal tissue
through to thevascularchoroid,cancausehemor-
rhaging into the vitreous. Although the hem-
orrhage shown here will eventually be resorbed
(albeit slowly), laser injuries involving thecentral
macul usually do not have a good prognosis.

TABLE 8-3

TYPES AND CLASSES OF LASERS

Laser Type Wavelength (nsm) Cla&W Application

Galliun-Arsenide 905.0 (near IR) 1-3 Optical fiber communication, direct-fire simulators,
and training devices

Example: MILES

Helium-Neon 632.8 (red) 2 Distance measurements, bar code readers, patient
alignment in radiology

Example M55 gunnery trainer

Ruby 694.3 (red) 4 Tank rangefinders
Example: AN/WG2, M40A3 Tank

Argon 510.0 (blue/green) 4 Entertainment, holography, printing plate manufacture,
photocoagulation for diabetics

Nd:YAGt 1,064.0 (invisible, near IR) 4 Distance measurement and target narking
Example- AN/TVQ2 ground lawer designators and

tank rangefinding

CO2  10,600.0 (far IR) 4 Cutting welding, engraving, high-speed product
labeling, and fire control

Example: no C0 2 laser system is fielded
currently

"CLa de ation denq s on power outptut fi any prtilar appiaxton
Nymt wiunfll minun% anet

Reptinted from Sliney DH, Kotuak JC Hazards of fieded lasem Med"Il Bulld an cfth US Amy. 1W814-16
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Classification and Surveillance of Laser Workers. will be transferred to Armstrong Laboratory, Brooks
Appendix E of ANSI Standard 136.1-1986 provides Air Force Base, San Antonio, Texas, in 1993.) The Laser
guidance for the medical surveillance of the classifica- equipment that was used during incident should be
tions of laserworkers.05 An incidental workerisa person secured so the Laser Branch at USAEHA can do a full
whose work makes it possible, but unlikely, that he or technical evaluation to determine if the injury was
she will be exposed to laser energy that is sufficient to caused by equipment malfunction or operator error.
damagetheeye. Incidental workers includeoperators Clinicians who examine workers who may have
of fielded laser equipment, individuals who oversee been overexposed to a laser beam shou!d avoid mak-
laser use on approved laser ranges, and soldiers who ing a hasty diagnosis of laser injury until the alleged
participate in force-on-force laser-training exercises. incidenthasbeeninvestigatedand verified. Evenifthe
Alaserworkerisa person who routinely works in a laser ocular signs and symptoms are consistent with over-
environment and therefore has a higher risk of acci- exposure to a laser, the clinician should consider two
dental overexposure. Laser workers include those additional factors before making a diagnosis: the cir-
who regularly perform laser research, development, cumstancesoftheexposureand any preexistingocular
testin5 and evaluation, and workers who perform lesions. The treatment for patients with confirmed
routine laser maintenance, laser injuries is usually limited to observation.

The type of medical surveillance that is done on
employees dependson theclassificationoflaserwork. Thermal Radiation
According to the ANSI standard, incidental workers
require only preplacement vision examinations using Because the eyes are protected by the autonomic
a screening protocol (distance and nearpoint visual blink reflex, thermal injuries to the eyes tend to be
acuity measurements). On the other hand, laser work- limited totheeyelidsdependingon thedurationof the
ers require a more extensive preplacement examina- exposure. Most thermal burns are caused by boiling
tion, which includes a medical history, visual acuity liquids, molten metal, flame, gasoline, explosions,
measurement, and selected examination protocols, steam, and hot tar. Glass and iron cause the most
depending on the type of laser that they will use. severethermalinjuriestotheeyesandadnexabecause
Periodic and termination examinations are advised their melting points are high: 1,200C. Lead, tin, and

but are not required. zinc melt below 1,0000C and cause slightly less dam-
Current U.S. Army policies concerning the medical age (Figure 8-19).20

surveillance of laser workers are similar to the ANSI Because lid edema and pain may make an objective
stndard. Incidental workers require preplacement examinationdifficultapplyingtopicalanesthetdcdrops
and termination examinations utilizing a screening such as proparacaine or benoxinate may be necessary.
protocol (distance and nearpoint visual acuity mea- Ocular burns should be treated with topical antibiotic
surements). Laser workers must also have preplace- ointmentand sterile dressings; topical steroidsmaybe
ment and termination examinations, utilizing a dif- necessary to decrease subsequent scarring between
ferent screening protocol (a medical history; distance the eyelids and the globe.
and nearpoint visual acuity measurements; and an
Amsler grid test, which tests macular function). Radio-Frequency Radiation

Lasr Ovexposure Incidents. Any DA employee-
civilian or military-who is known or suspected to have Radio-frequency (RF, 30 cm-1,000 m) and micro-
been overexposed to lase radiation must be examined wave (1 inm-30 cm) radiation have been implicated in
by an optometrist or ophthalmologist within 24 hours the development of lens opacities. Cataractogenesis
of being injured. In addition, the USAEHA must be has been observed in rabbits when acute exposures of
notified by telephone as soon as possible after the RF radiation exceeded 100 mW/cm2 for more than 1
incident, to initiate the investigatory process.' Inmost hour. Human exposure to 100 mW/cm2 would imme-
instances, patients suspected of having sustained a diatelycauseathresholdresponse theindividualwould
laser injury are evacuated to the Presidio of San Fran- experience either segmental- or whole-body heating;
cisco, California, where they are evaluated at the Divi- he or she would immediately move away from the RF
sion of OcularHazardsat Letterman Army Instituteof radiation beam and would know that a significant
Research (LAIR). Civilian employeeswhodonot wish exposure had occurred). Currently, there is no evi-
to be flown to LAIR can be followed by the nearest dence that chronic exposure to microwave fields of 10
military ophthalmologist or their own civilian oph- mW/cm2 or less can induce cataracts" In 1977, a
thallologistatgovernmentexpense. (With thePresidio survey of 800 workers in the microwave industry at
scheduled tobeclosed, theDivision of OcularHazards three army installations found no evidence of work-
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Fig. 8-19. Thermal injury to an eye exposed to molten lead This burn could have been prevented had the worker been
%%earing industrial 'afety glasses.

related lens opacities.' cataract development can vary from months to years.
From 19M to 1991, army policy required that either Followingan electrical-shock injury, periodic slithmp

a.scTeeningordiagnosticprotocol bedoneonall work- examinations through dilated pupils should be per-
ers who might be exposed to RF radiation. The army formed to identify early cataract formation.
has since eliminated its ocular-surveillance program
because (a) RF exposure is a threshold effect, (b) there Ionizing Radiation
is no method for measuring cumulative dose over
time, (c) the program has not been cost effective, and The cornea, lens, uvea, retina, and optic nerve may
(d) it will not prevent RF exposures from occurring, suffer injury from excessive exposure to ionizing ra-

Individuals whoexperiencean acuteoverexposure diation from cyclotron exposure or during beta irra-
to microwave radiation (including whole-, segmental-, diation of the periorbital area to treat malignancy.
or localized-body warming) should be examined by a Radiation keratitis ranges from a superficial punctate
qualified physician within 24 hours of the injury. The epithehalstaining to sloughingof largeareasofepithe-
examinationshouldincludeaslitlampexaminationof hum, stromal edema with interstitial keratitis, and
the eyes by an optometrist or ophthalmologist. For all as.ptic necrosis. X radiation and other ionizing energy
DA civiliansormilitary personnel, thephysician must sources are well-established causes of posterior sub-
report the incident to the USAEHA." capsular lens opacities; at high radiation doses these

opacities can occur in a matter of months, while years
lectrical Current mayelapsebeforedosesthatareciosertothethreshold

level for injury cause cataradogenesi. Four hundred
Theelectrical field associated with power transmis- to 2000 cGy of exposure are required for cataract-

sion Ls considered to be part of the EM spectrum and ogcnesis."! Younger patients are more vulnerable to
has a wavelength of 1,000 m. Accidents involving cataract formation than areolderpatients whoreceive
electrical current have been known to produce cata- the same relative dose or exposure. Intraretinal hem-
racts of the leis cortex and anterior capsule. As with orrhag•s, papilledema, and central retinal-vein
other radiation-induced anomalies, the latency for thrombosis are also possible but rarely occur.
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SELECTING EYE PROTECTION

Wearing PPFE, including eye protection such.s in- with them When management or safety specialists
dustrial safetyglasses, goggles, face shields, and weld- select PPE, they often make the mistake of providing
inghdemets,canotcompleteyelimnatethepossibil- only one type of eye protector. This simplistic ap-
ityofocularýyunderaflar iUmsa es. Employers proach. fails to meet the variety of eye hazards present
are required first to evaluate all eye-hazardous opera- throughout the workplace- For ecample, industrial
tions and then to attempt to reduce or eliminite each safety spectacles would offer inadequate protection
hazard through engineering or administrative con-- toaworkerinabatteyshop.intheeventofademkga
trols, or both. If the eliminiation of eye-hazrdous splash, the Impact-resisunt safety glasses would pro-
operations is not feasible by these plant changes, then ve insufficient protection against battery acid. Fur-
the employer is required by law to provide PPE fo all thamme, workers should not be allowed to wear
worke inproimitytothelazardL Protectiveeyewear their dress safety glasses as a substitute for approved
is also mandatory for supervisors and others who industrial safety glasses; dress safey glasses ar
must enter the hazardous environment, even if they inferior to industrial safety glasses in many respects
are not physically involved in the operatiom" (Table 84).

In some instances, other types of PPE inaddition to Industrial eye protection must conform to OSHA
eye devices must be wor, and this may influence regulations, which oighially adopted the provisions
the selection of eye and face protector For eample, of AM Standard Z87.1-18. The 1%8 standard was
if respiratory protective equipment, a hardhat, or a design-oriented standard that dictated how indus-
both ate worn, safety glasses must be compatible mmusdesignsafetyg g es.

TABLE S4

COMPARISON OF ANSI ZSOU AND ZIT.1 STANDARDS

Crteria Z8L.1, ( Saftyt z87.1-199 (Iadesti Safety)

Pr timnlMses 2.00 min" er thickess 3.00 n eiom thlcknen
Fluslenses>300D 1.00 mmedmethidmess 2.0 nunedgethldmess

Drop ball irfid test 0.63 in. (159 mm) duamee v"e baD 1.00 in. diameter ated beLt dropped from 5D h.
NLV 15 &drpped from 50 in.

Penetrati lest(plsticoly) N/A 442D gSprlojdct 1idi fhmM0n.

Framnes:
Hi-s Impactd kes N/A 50) •poIted prti.d bn 1o30mon

(5121nj
-Hih-ve9 l imac test N/A 0M ilS dinneeer d bai, hrding 150 Ips

NontemovAleIF4
MiN&mum tikness N/A 300 n
High-m pw tet N/A 500.00 gpohl pr t die hfrom130€M

(51.2 In-)
High-veloty Imp test N/A 025 ilL diameter sl bvAf tradli I Ifp

netraolest (plasotconly) N/A 44.M0 p l droped f&om 5i0b.

Marking N/A Fsame AdaCellStraderwk
andZklogo

Leuue s M da tradlmwk

0 Aflp&alr~menpere em Ims wil.ny; AN odur is moiedmms swi min hfsctetIlab e h I ~2.a~iIIIII eLy hIIIpa I • I 3mdtarkal IaveII ISfu II I II

*NLT: nCTM k dm
eab'29vAYmalMal ct qukeq wem m met
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Withtheadventof newermaterialslikepolycarbonate or goggles for long periods of time. Supplying these
plastic for ophthalmic lenses, the new ANSI Standard workers with inexpensive, ill-fitting safety glasses
Z87.1-1989 has adopted a more performance-oriented or goggles will severely degrade their wearing corn-
standard that encourages innovation as long as the pliance. Likewise, ametropic workers (those who
eyewear meets rigid industrial safety performance mustwearprescriptioneyeglasses)willfunctionmore
tests. efficently with prescrpon industrial safety glasses

Wearing compliance is usually the most difficult than if they are required to wear goggles over their
aspect of any vision conservation program Compli- dress safety e-ewear. The USAEHA actively discour-
ance is often poor among workers who do not wear ages the wearing of goggles or piano spectacles over
prescription eyeglasses. Employers who purchase dress safimy eyewear because visual acuity and job
more-styli better-fittingframeswillhavebetterrates performance can be degraded by multiple optical
ofcomplianceamongtheiremployees. Theywillfind surfaces this in turn decreases wearing compliance.
that better compliance will decrease the incidence of A supervisor should balance the financial costs of
eye injuies, which,inturn willlowerinjury-compen- prowiding safety eyewear to employees against the
sation claims. Adequate superion is also essential benefits of improved vision conservation and worker
to ensure that eye protection is not only worn, but also performance.
is worn correctly. r-uoem Frame selection is another major consder-

ation when choosing eye protection. To encourage
Iallistk Mecaa and Iwmat Pmroctm maximum weaft compliance, employers should

stoc (oralowthdremploy toorder)saifetyrames
ANSI Standard Z87.1 describes two basic types of in a variety of styles, sizes, colors, and materials,

impact industrial eye protection: goggles and spec- inhudingmetaland plasticframes. Becausemanyeye
tacles(yegses) (igures 8-20,8-21, and 8-22). Both Injursarecausedbyputethathittheeyefromthe
areconsidered tobeprtmyeye p ecto (they can be side, the new ANSI Standard Z87.l-1999 strongly rec-
worn without additional protection). Goggles are ommends that side shlds be ordered with all safety
subdivided into two types according to their use frames urless there is a specific reason to preclude
inpact(foriehaaland baistchaards)and qah them (such as restricting peripheral vision).
(for chemical hazards). They are also subdivided into Lenses. In the current legal climate, all industrial
twotypesacordingtotheirwarers: thecuptypeis for safety spectales should be orvdred with polycarbon-
workers who do not require prescription lenses. atelensm. This recommwdation stemsfroma lawsuit
whereas the cover type is designed to fit over dress or in which an autoworker (wearing ANSI Z87.1-ap-
industrial prescription eyewear. When goggles are proved industrial safety glasses) was struck by a for-
selected, ventilation to prevent fogging of the lenses eign object that shattered the glass industrial safety
should be evaluated Impact goggles have multiple lensm. The court nidally ruled that, because polycar-
holes across the top for direct ventilation of warm. bonate lenses were available and would have pro-
moistak Dustandsplashgogglesshouklhavebaffles vided a greater degree of eye protecti both the
(indirect venting), which permit air to circulate but employer and the supplier of the industrial safety
exclude dust and liquids. glasses would be liable for the workers injuries. The

Industrial safetyeyeglm areavaa with piano case was subsequently overturned due to a legal tech-
or prescrim lenses. Frames for both types must be nicality•however, the issue of providing state-of-the-
marked with the Z27 logo, which identifies them as an art materials still applies.
approved industrial safety frame. In addition, indus- Polycarbonate lenses are approximately 15-fold
trial safety lenses must be identified with the stonger thanthermally-tempered glss lenses and 5-
manufacturer's monogram or logo." to 6-fold stronger than regular CR-39 (the 39th Colun-

bia resin formiul- an ophthalmic-grade allyl resin)
C4s plastic lenses (Table 8-5). Polycarbonate lenses have

two disadvantages when compared with either glass
In many instances, wearing compliance is directly orCR-39 lense they are mmoedifficult to manufacture

related to the cost of industrial eyewear. Workers are and are slightly more expensive. Despite the safety
more spt to wear high-quality eyewear than inexpert advantages that are associated with polycaý ate
sive, illfitin eytwear. Emmnetropic workers (those lenses, however, many workers still prefer glass lenses
who do not wecr prescription eyeglasses) ofteneel because they are more resistant to scratches, In addi-
w mfco beLwum pno nus safety eases ion, lycaonatelensesshouM notbeprescribed for
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R&g 11-21 Employees working in eye-hawadous areas must wear Ameuican National Standards lnsbtizte (ANM) Z97.l-
approved indusral saeygassms(a)The young worker wears piano industrial safety glasses(with fixed side shields) while
uftna large industrial band saw-, note the prominent yellow caution sign,~ nnninding all employecs to wear eye protection.
(b) The older worker wears prescription industrial safety glasses, with removablesideshields, ins fashionable metal frame.
A chokce of frame sizes and styles will usually improve wearing compliance.
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EFg. 8-21. Autommn vL relmir has. the s.cvond-highesit rate of eye injuries anuirg 1orkeri. Rus.t often fall, itno the eves. of
mechanics who %iork under vehicle,, thienefore. it iý imperative that they wear indus.trial eye protection

Fag. 6-22. 7he-Aildicr on thefteft as wearing nj~nustr~ia safety. gogglc% o% r the standard atrvauegwe!.uret.
the military op1tical fabrication laiv)ratow-w. do not manufacture' Amiercan National Standard% Institute (ANSI) Z87.1-
.ipprowa t' ndu..ria! %afety nevveear. hoi e~ermildiermcan (and s.hould', obtain civtaan-0.tvl indu?.taaals~afety gl~k in the
s.am4 rminner a!.thorcn t ifmcounttrpart'. Tbe,.o~iewntherht .weiniparlV'iS (vtcrptcc.)ths
..ItvulJ bxe r-*'ucv to I wpirary worker% or % miators.i~ho mus.t cnterv-.ha.-ardou%. rea%.. Caution s.hould bwelewtcsW Owhn
i'.'uing V'a'aSix"' beeauw. '.ome arv not ANSI 7-87.1,apptoved
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TABLE 8-5
IMPACT DATA FOR OPHTHALMIC LENS MATERIALS

0.auin 0.201 5L0 in
Len. Maleda (3-am dddknee I4b xmph W5b mh ft4b mph

Glass, heit teated 0.040 65 0.127 40 1450 17

stic (CR-39) 0.370 19 09S50 109 1,09 15

Polyarbonate 424C 65 12.6 399W >9 >42

*iped"dt weor 1.%=mm pa oom*e
SOwct Compikd by Domv PC Genkx Opdcsm hic Dudley. Muamcbuseftt hfrwn nucdab frw G) Wiggksworth BC A cinperli
aeawM deprokvie d~evkanda ryskmof xqu and~tadhlg.AUIOpbArchMI-ad 19749.W0-304amd
CO LeMarre DA. Uww trrwi Tof Am~ frEw&iF&VPNi1cOWM= n dnwtLkid rNbxu A1 "ft~buto10="b=&Jm
Soktyand Heh. aWAu 1977. NIM~ bweudm PO~eOt2l0-75OM. Repovnesi with Smesimiu Iwm Gmkx Optk

individuals who require corrections exceeding f4.00 worksperceivesunglauswand potd romic eses
dipters; excessi chnoatic aberration (colors that asa job benefit or perquisite.
outineobocts) may decmse visual acuity and patient
acceptance. FAM SWi"ld

The prescribing optometrist or ophthalmologist
must decide whether the worker needs sange-vismn Workers who require face and neck protection in
(monofocal), bdcaL, trifocal or some other type of addition to eye protectio should use fiac shields
occupation-specific lenses. Sigl-vion lenses are (fgu8-23). Theyareoftenwombyworkersinmetal
usually recommended for nonpresbyopoc individuals manufactuing operations (such as grinding or ma-
or p•esbyopc Individuals who work at a single work- chining of parts) where facial lacerations can be pain-
ing distance. Bifocal or trifocal lenses should be pre- fui and disfiguring. They inayalsobewornin painting
sculbed for presbyopic individuals whoe job is per- operation orareas wherechemdcal spsbes arelikely.
formed at two or more distances. Some occupations, However, accordmg to ANSI Standard Z87.1, fac
such as carpentry, require special double-segment shields are conidered swmdAvy eye protection (they
lenses for working both overhead and at the noral must be worn over a primary eye-protective device
reading position like industria safety glasse or goggles). ANSI Stan-

Nhotodrom- and tinted lenses provoke conro- dard Z87.1 requires that the :anufacturrs trade-
versy; some suggest tht, in ceUin occupAtios, they mak and the ZS7 logo be visible, ust as they must be
may actually contribute to on*-t-job injuries. One on safety glmses.1
problem is that photochromic lensesare madeof glass,
which is less impact-resistant than plast. Another ewmical Protection
problem is that Unted or photochromic lenses cannot
adapt quickly enough to rapid changes in fluhmina Chemical goggles (also known as splash goggles),
tio For example, if a forf operator wearing pho- face:shieds, orbothshouldbeworwhermvtre is
tochrormc lenses drives into a warehouse from the arskofachemicalsplash Splashgogglesareprmay
outside (from a bright to a dark anironment), the eye protector offering the same degree of Impact
lerises can increws the risk of serious itnjuy. the time protection, as do impact goggles; however, spas
that is required for the phtochroaic lenses todchwV goggles differ fron impact goggles in that they have
from dark to light may put the operator at risk of baffled or Indirect ventilation that keeps liquids and
inpiring himelf or others if he cannot see propedy as tdimicah out O•ue 8-24). Impact goggles, with the
he enters the dark warehouse However, while tints directvaftqnsyem~shudnwwbeuheinchemlcail~y
and photochrmic lenses am controversial, there is hazrdous am. The following guidelines have been
little doubt that they improve wearing compliance: established to protect the eyes from chemical splash:
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FsS. 8-23. Face shed (secondary pro~ea. reeige to prt~t theerixtirefaice. Them must bemom overindu-truls~atcth
gaswa pictured here, or cheica1,j ,cIc A .w'.-c.3n Natiorut Slandard% tn%tvtuteiAN;Il /X At7I-apprm ed pnn-oirv eye

proktecFr')

R&g 8-24. TheA-se odier a~re bovth wearing Ame-rican NationalI Standard% I nstitute I(ANSI) /XJ17.i-pprt)ne.d pipli'. 1th.
soldier (in the left i% wearing chemiacal go1''les with indirmc %.erfinj (uhi ch pkelent% thedirm-t trammT.mrson of fluid-0. the
soldi.er tin the right a~ii earingimpact goggIe~.. Inimpactgiugle%%hould ne rb onif theressas, ri%k. (if chemical .pIu%h. hot
chemical poglcs do of fer ballisti protection and they may Ke worn in Imalh~tcallyan .INrt~hinicallv hamirdotasareas.
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rag.$-25. Forimaximnum eyefameand neck protectionagainstd mkl splash and hazardsworr shul wearfamshilds
o~vr their chernicl gogges.

"• If the risk of chemical splash is minimal to overall intensity of the visible light and are usually not
moderate, and if there is some risk of ballistic wavelength specific.
or mechanical injury, then chemical goggles
may be worn alone. Ulltraviolet Radiation

"• If the risk of chemical splash is moderate to
high, and if thereis increa:;-d risk ofballisticor Welders tend to have a high degree of wearing
mnechanical injury, then the worker must wear compliance. One reason for this may be the image of
both a face shield and chemical goggles for specialized training that the welding helmet, like the
maximum protection (Figure &-25). hardhat, conveys. A second reason is that many (if not

most) welders have had at least one overexposure to
Radiant Energy Prtcu UV radiation and have experienced the painful effects

ofa photokeratitis. Despite this, however, somne expe-
NlOSH and other agencies have studied the effects rdenced welders continue to get overexposures be-

of LAI and IR radiation and have issued guidelines on cause they often strike the welding arc before they
the maximum permissible exposure levels (PELs) and bring the welding bhelet into position.
the useof filtering devices Gable 8-6). Rilteringkenses In addition to protecting themselves against UV
are designed to reduce the intensity of specific wave- radiation exposure, welders must also wear ballistic
kpgfth of optical radiation; the degree of reduction eyeproetft-tontoprecludeany.%econdaryinjuries from
depends on the density of the filter. Filtering lenses, stray foreign bodies (Figure 8-26). A 1985 study of the
however, should not be confused with tinted lenes. Wodaae'Compemationlkadof• Canaada, found
Tinted lenses (such as those insunglasses) reduce the that 21 % of all eportd eye inure involved weklem.
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TABLE "

GUIDE FOR WELDING SHADE NUMBER

OperatnlL EIIItI de SiI Arc CM u II•i. SI =IIII
(MM)A Shae NW Sade N.

Shielded metala welding <2.5 <60 7
25-4.0 60-160 8 10
4A)-6.4 160-250 10 12

>64 250-550 11 14

Gas metal arc welding and flux <60 7 -
cored arc welding 60-160 10 11

160-250 10 12
250-500 10 14

Gas tusq genarc welding <50 8 10
50-150 8 12

150-500 10 14

Air carbon arc welding
(Light) < 500 10 12
(Heavy) 500-1,000 t1 14

Plasma arc welding <20 6 6-8
20-100 8 10

100-4" 10 12
400-40 11 14

Plasma arc cutting
(Light) < 300 8 9
(Medium) 300400 9 12
(Heavy 400-00 10 14

Torch brazing 3or4

Torch soldering 2

Carbon arc welding 14

(In) (mini

Gas welding
Light < 3.2 4or6
Medium .- ' 3.2-12.7 5or6
Heavy > Y > 17 6or8

light <1 <25 3or4
Medium 1-6 25-150 4or5
Heavy > 6 > 150 5or6

Rcpilned wit!. Mvnislo of O1w Amerkzn Wtdlsg Socity. MkrWs, Faa, 19r-.
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Fig. 8-26. Statatically, werdcli suffer the greatest number of radiant-energy ce~ injuries In addition to wearing leather
gloves. ,1 leather apron. and heanng protection, %elders must also ear American National Standards Institute (ANSI,
7$7 l-arpprcd indutnal .afet. gla,,. (to preclude ballistic or mechanical ee injuries) in addition to the ,tandard
%seldtr'- helmet The dtnity of the tilt-ring len. in the %,elding helmet depends on the type of welding torch used

Fig 8-27. Use; workemr, such as. la.ernaintenancei peronnel and laser researchers, must wear appropnate eye protection,
con••ting of wav elngth-s,•wfic filtering lenses, whene% er they v otk with or are near a laser. Laser goggles are preferred
o% Cr laser sp.ctacles they pren ent inuntris to the retina from the side Reprinted from the cover of (O ,tvainal Ifilith &
Safetv July IPM) - Photo•graph by joe Griffin.
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lvearyý 75% of these injuries were caused by cold metal reflecors. Dye absorber devices must be of sufficient
foDeign arcLemd od urrmgndrn ding nnA~ttasks filtering density for a particular wavelength of laser
such as chipping, grinding, or W WflgJ emission to provideappropriate vision protection (Fig-

ure 8-27). For example-, to reducea Class 4 laiser from
Infared Radiation a IO-W output to a safe level of I mW, the filtering

goggles (or spectacles) must be optical density 4 (able
IR-absorbing lentses vary according to the degmw of to reduce the radiant-energy level by a factorof 104) for

absorption required. Unfortunately, good IR-absorp- that particular wvavelength.
tive lenses also diminish the transmission of visible Reflective technology includets dielecric stacks and
light. Cobalt-blue filters are issued to workers who holqgtms. While these two processes are both consid-
determine the temperature of the mnelt in steel manu- ered to be reflective technology, the application of the
facturing. Didymium knses eliminate much yellow technology differs. slightly. For example, diielectric
sodiumnflare, which is acommon hazard in the elec- stacks reflect agiven wavelength by layering 6tol12
tronics and glass industries. layers of two different dielectric (insulator) materials

that are only as thick as one-half the wavelength to be
Laser reflected. Examples of diielectric materials are silicone

dioxide and magnesium fluoride. If one laser wave-
Nosingletypeof light-flteringdeviceoffersprotec- length (eg. helium-neon IMe-Nel at 632.8 nm) were to

tion against all laser wavelengths. Currently, thereare be reflected, then 12 layers of altenating dielectric
two tye of filtering technology used to protect sol- makteials, each layer being 316.4 nm thick, would be
diers and workers against Lasers dye absorbers and applied to a lens. If a second laser wavelength (eg,

FR& 5-23. (a) The Helm of 1514, nwwiely acceted, could be used only when the helme trested on or wasattadied to the
shoulders of the armored soldier (plOO). (b) An~ experimental 1918 French helmet fitted with a Polack visor. The %isor is
shown dropped into place, but wasdesigned to be worn up over the front of the helmet whennrot needed-The thin lalntie
and their vertical supports were mounted edgewise to interfere as little as possible with the soldieWs vision. However, as
a defens Wginst a missile or ball traveling at 600 fpys, 'the Poack visor Is held to be worse than useless; It is penetrated.
shatteted, and an even inur serious wound would be caused by the raggd ball and the inbentand brok~en ends of the visor's
lamnlna (p96).
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Fig. 8-2S. (c) Th, Bnts h face shield (designed 1915-1916) consisted of a steel platepier"cd with ,titical and honontal slits
in font of each ce It was designed to be worn fitted under the soldier'scap, but nes er progressd bte ond theeipenmental
stage (pplll-1321 (d) US Army Colonel W. Holland Wilmer suggested this 1918 visor design. It was based on lbN, single-
slot eye shield used by Native Americans in the northwest to protect against snow blindness Made of soft steel, the % i.or
fit snugly against the browand cheeksby means of a sponge-rubbercushion., wasattached to thesoldietr's helmet by a spring
and wa, designeti to fit both British and American helmets. The visor permitted a wide range of vi%ion Note the apertures
beneath the slits. they were positioned t) allow the i earer a stereoscopic field of the ground immediately in front. These
vtigors werwe dtappow ed betause they were not readily kept in position (p236), (This photograph courtesy of Franca% G Li
Piana. Walter Reexd Army Medical Center, Washington, DO) (e) hese 1917 Bntish -splinter goggles..' made of steel and
weghingabout 53 ounces, % eresaid to al!ow surprsingly clearand extended vision through theirnarros (O2-O#i-n) slot,.
Howe• er, although theseprvately manufactured goggles % eresold toallied soldiers, they ner ergained general acceptance
(p233), (lhotograph courtesy of Francis G La Piana, Walter Reed Army Medical Center, Washington. DO). (f) The chain-
mail veil was the only eedefense produced by the Bntish in largenumbers (1916-1917) The vior, madeofclh.ely woen
links, attacheo toa metal rod that passed under the bnmof the helmet. Vsusrsol thistypewere%.ent tothe front during WorldJ
War 1, but the soldiers "found them to he annoying and soon cast them off....In actual use the• pnoducedimiest, for the
links of the lisor change position in front of the learer's eyes.5 following elerv movement of the helmet"(plN3) The
designers of this eve armoranticipated that it uould prevent %% of battlefield eye nlunte%. (This photograph courtewy of
Colonel FrancG La Piana. Walter Reed Army Medical Center, Wathingion. DC Source lfigurelegendta-fp r4ographI
a-c. e)- Dean, B Ik1Im1cf, and Polv Armor tn Modern iWarfar.. Tuckahoe, NY. Carl J lug1i.,se. 1977.
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neodynmumiyttrium aluminum garnet INd:YAGJ at (AMC) work together to develop laser eye protec-
1,064.0 nm) were to be reflected, then an additional 12 tion.50 Developing eye protection remains a challenge
layers of alternating dielectric materials, each layer today, because for the emmetrope it is considered to
being532.Onm thick, would beapplhedoverthe fast 12 be body armor (a nonmedical item), whereas for the
layers of dielectric materials. Dielectric stacks have ametrope it is a refractive device (a medical item).
this advantage over filtering technology. they do not Despite development efforts during the 1950s and
diminish broad bands of usable light as dye absorbers early 1960s, soldiers went to Vietnam with essentially
do. Thedisadvantages of dielectricstacks aretwofold: noeyeprotection. Soldierswho wereissued theSWD
the manufacturing process is still very expensive, and goggle usually wore them on top of their helmets
the degree of eye protection diminishes rapidly if the (otherwise known as the Rommel position). In 96,Za
aser beam were to hit the dielectric stack off-axis (not researcherat the U.S. ArmyNatick Research, Develop-
perpendicular to the dielectric stack). ment, and Engineering Center developed the tech-

The underlying principle for hologram reflectors is nique to injection-mold polycarbonate plastic, which
similar to that for dielectric stacks. The difference is in turn led tothe2-mm-thick polycarbonatefaceshield
thai the hologram utilizes a photographic film 20 gm that was used in the army aviator helmet; many pilots'
thick. w'hich contains hundreds of layers of high- and eyes were saved during the Vietnam Warbecause they
low-reflectiveregions. The advantagesand disadvan- wore this helmet while flying. Attaching the polycar-
tages of hologram refle-Jors are the same as those for bonate face shield to the infantryman's helmet was
dielectric stacks. Perhaps the most s.gniflcant disad- another idea that was proposed. Because the army
vw age of refleci.-ve technology is that the reflections could barely enforce the requirmt that infantrymen
create a large battlefield signaturi,, easily seen by en- wearahelmehowever,enforcinga requir nttowear
emysnipersand gunnem Future aser protection may eye protection was thought to be next to impossible!
combine b•th filtering and reflective technologies to Because standard military spectacles do not pro-
protect against multiple laser wavelengths, vide adequate protection against ballistic or laser haz-

Eye protection for carbon dioxide lasers, which ards, AMEDD developed the BLPS to provide mote
radiate intense energy and can cause thermal burns to effective eye protection for soldiers during training
human tissue including the eyes and skin, consists of and combat The BLPS is a wrap-around polycarbon-
regular industrial safety glsses (ora face shield) made atespectade with spkeriu lenses (designed to curve in
with CR-39 plastic or polycarbonate plastic. Conse- two meridians), and provides protection against both
quently, no tint or filtering device is needed. Glass ballistic projectiles and laser energy. It can be worn in
lenses are not recommended for use in eye protectors garrison, while playing sports, while working around
because the energy btatisity from the carbon dioxide the house, or even while mowing the lawn. The kit
laser beam could cause them to shatter. indudes a clear pair for everyday use; a tinted pair for

sunny environments; and a green-tinted frontsert,
Militarily Unique Eye Protection which clips to the front of the BLPS, to protect the

wearer against low-energy lasers. Ametropic soldiers
Armies have always sought eye armor that would are provided with a prescription backsert, which

protect the vision of their fighting forces. However, montsbendthepolycarb, rateeyewear(Figure8-29).
soldiers have always resisted wearing such PPE be- The SPE S system is similar to the BLPS in thatit is
cause it restricted their peripheral vision, or was too made of polycarbonate plastic. However, it differs
heavy or cumbersome (Figure 8-28). The US. Army from BLPS in that the lenses are cyfindrcal (designed to
entered World War RI with no eye protection for its curve in one meridian) to facilitate the application of
soldiers. The sun, wind, and dus! (SWD) goggle, dye absorbers, holograms, or dielectric stacks for pro-
however, was developed in 1942 for use in the African tecting the soldier against laser hazards. Currently,
deserL there is no means for providing prescription lenses for

Efforts to de•velop eye armor continued after World ametropic soldiers.
War II. In approximately 1953, John Fair, an ophthal-
mologist whoserved in the Korean War, advocated (to Contact Lemes In Indusiy
no avail) that both ametropes and emmetoMpes weara
spectacle made of case-hardened glass refractive ma- Wearing contact lenses in eye-hazardous occupa-
terial, with cable temples and side shieldr Later, an tions has always been very contoversiaL Approxi-
ophthalmology consultant to The Surgeon General matelyl2tol5millionAmericanswearcontactlenses;
antiipated thethreatfrombattlefieldlasersandadv- an additional 2 million new wearers are fitted each
cated that AMEOD and the Army Materiel Contuand yea.-'" Somc people are absolutely required to wear
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Fig. 829. From the left, the three .oldiers are eanng clear Ball,%tac/Lawr ProtectiveSpectackls 181-S. clear with th- ti o-
waveklngth la,.er-protectire frontwrt, and amber (for '.unn. da.W) In addition to prtn iding tall,.43c and laser protection to
e•inxImpic oldir., ULM can be fitted with a lens camerhbehind the proteiveeewrap forametropic soldiers The fourth
,oldir. inght. is weanng the Special Prot'titie Ee.iear Cylhndncal S.•tcm (SPECS) without reflecie ia,.er technolo,,
Cumrntly, SPFCS i. be.ing de eloped for t'rnmet-rp:c o-dIe'rs only.

contact lenses to correct visual problems such as are wearing contact lenses will actually fare better
aphakia, high degrees of myopia, keratoconus, or ir- against ballistic and chemical hazards than 1thers
regular corneal astigmatism from corneal scarring. whose corneas are unprotected. Both rigid ah; stft
Thesae workers may actually function more efficaently contact lenses reduce, and can somettms deflect the
and bxe less prone to on-the-job accidents when they dt.structive forces. associated with prouj'ctiles. fort ign
wear contact lenses. than if they wear e.eglabsst,.. tbodies, and chemical splashes However. work .rs
I lowever, most contact lens wearers wear them for must be counseled regularly that contact lvnsi., lv
cosmetic reasons. themselve., do not provide sufficient .ye protection ii.

There are significant safety concerns regarding the an industrial environment agatr.st eniher ballistic or
use of contact lenses in industrial settings. One con- chemical hazards. Goggles or plano safety glasses
cern is that contact lens weare'., like emmetropic must be worn over contact lenses, even though they
individuals, may not wear the safety glas•s that the defeat the cosmetic efect.
employer provides-. Another concern is that dusty, Wearing contact klnses in chemically hazardous
ody, or chemically toxic environments rmay not be envimnments provoke.s still more controversy. In
appropriate for iearirigcontact Iene.,s: dust or foreign 1978, NIOSC I recommended that contact knses not Ke

odites can become trapped under rigid contact lenst.s, worn when emplovyes., were working with any of
causing cormeal abrasions, aiJ toxic chemicals can be se. eral hundrd listed chemicals. The rationale was
absorbd into the matrnx of soft lens•s, leading to a that rigid contact klnses might trap chemical vapors
possible toxic expo.sure to the cornea. In addition, Ibneath them, while soft contact lense. might absorb
coworkeris might be unable to remove the contact tue vapors, which would prolong the contact time of
le•ses if a chemical were to srlash into the et,.e., thus the chemical As a reult, industrial safety specialists
prolonging the contact time., restricted the %%earing of contact lenses in environ-

Given the fact that some workers. will not always ments prone to chemical fumet and valors, chemical
wear their eye protection, unprotected worierm %xho %plashe,.,dast. intense heat, or molten metals." Ihow-
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ever, recent studies of rigid and soft contact lenses ported that those who wore respiratory protective
suggest that contact lenses act as a barrier, keeping equipment were at greater risk of personal injury due
chemical vapors away forom the corniea and therefore to lost, bent, scratched, or fogged glasses than they
mrunmizing injury.5- However, persistent exposure were when they woretheicntact lenses I 10965The
to chemical vapors may have just the opposite effect: Lawrence Livermore National Laboratory conducted
the vapors could be trapped or absorbed, leading to a a survey of 9,100 firefighters in the United Stattes and
toxic exposure of the cornea and conjunctiva. Canada;of thel AM questionnaires thatwerereturned,

Some workers will insist on wearing their contact 403 firefighters reported that they wore contact lenses
lenses in eye-hazardous arems Therefore, safety man- withrespirtprotectivequipnentdespitetheregu-
agers and supervisors should lation prohibiting it. Only six firefighters reported

contact lens-related problems so severe that they
"* requi~re the use of indutstrial safety glasses or needed toremove their masks " In Maidi 1967, OSHA

goggles in conjunction with contact lens-., annrounced that it would amndA the contact lens pro-
"* ensur that all workers always have a spare pair hibition and allow voluntary use of contact lenses.7

of eyeglasses or safety glasses readly available While the civiliant sector is moving toward limited
" provide workers with a clean area for remov- use of contactkle eswith respiratoryprotedtiveeqwup-

ing their lenses, and ment. the army is still concerned that sweat will run
"* irstruct fellow workers in emergency contact.- into soldiers' eyes, causing excessive burning and

lens removal techniques. stinging of the cornes. This could cause the soldie to
unthinkingly unmask in a chemidcally conwtminated

Using contact lenses with commercial respiratory envirortment. Currently, the army prohibits wearig
protective equipment and military protective masks contact lenses durng gas-chabe eoxenses, field-
has also been controversiaL. In May 1971, NIOSH and training exercises, and combat." It is articipated,
OSHA issued a regulation that prohibited the use of however, that army helicopter pilots will be allowed
contact lenses with prtciersiaoyeupet to request a waiver to this regulation because some
in a contaminated atmshrS Similarly, the army aviation s),stems, (such as the 'Heads Up" display
prohibited the use of contact lenes with protective devices and the M43 protective mask prohibit the use
masks. However, a 1965 study of 13 firefighters re- of spectacles.

ENVIRONMENTAL VISION

EnvnrmmwtaI visi pertains to nonindustrial con- ever, with the passage of time~, highe wages, and an
ditions; such as ill umination, VDrs, and UV radiation eve-increasing variety of lamps being devekoped, it
from sunlight that may have a detrimental effect on has become more cost effective to improve worker
visual efficiency, ocular health, or both. Illumination productivty by improving both the quantity and the
and VDT problems oftent require that the surround ing quality of illumination in the workplace
environment be mnodified to improve workers' visual Ilumination surveys are usually performed by the
efficiencyand productiiy bnadequateorinsufficient installation industrial hygienist. When an Mlummna-
illumination can significantlyreduce productivity"n tbonsuryispedobrmedwthree mpoatfactorssliul
simultaneously inceas the ntmmber of work-related be evaluated: the quantity of Ilumination the quality
injuries. of illumination, and visual comfort. All tHree factors

are interrelated and should complement oneanother.
iluhmiation

Quantitof Light
Illumination isan important ele*me of vision con-

semvaio that is ofte overlooked. Industrial lighting The amount of light emitted by a light source that
should provide a safe working environment and int- falls on a s=Le~e or work stationt (the quantity of
prove visual efficiency, safety, and comfort. Ffty illumination)should match the visual deviands of the
years ago, when wages were relatvely owx and kne- task. Detailed work (such as reading machinistscall-
descent lamps were inefficient, it was cheaper to hire pers) requiresm uvmintion than gostsks (such
additional workes to compensate for the inefficient as driving a forklft. The Iluminating Engineering
work practce associated with poor lighting. How- Society (IES and many lighft44uipment compa-
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nies puish tblesof miirmum rcmmenfded Ilumi- TABLE 8.7
nation by job gafories CI'bl 8-7). Howeve, mini- MINWMUM RECOMMENDED LEVELS OF
mum recommended levels of ilumination should not ILMNT
be confused with the ilumination leve~s that allow for
maximltuEm worke roduci%*. For example, th Task luvdnaflms (w) Eaps
amount of light that is needed for maximum visal
effdenyvareoyihteemplogee-, anemployee CaW3 ~ rhu
who is nearretirmnentage oftenrequ3ime sveral times
more Mumino nthan ayowiger worker needs to see Rough s0 Readhmg Iarp
the savme work. Maklings

Ile illmmnce, or luminous intenity seen as vis- Ma.dini 10Sewing,%vodworklng
AIbelighttrkngasurfaceof anobject,smeasureds a ieSoElcrnc
the cwndd (candle),awunit based on luminous flux, the ~eEeto~
lwm, nperurnit area of suzfac A sourceof light oflI
canldea prduces4 steradians(ahlmensofluminous Ada~w wthPawuusww fims Gene.! Elect Dulc 10"Ig cm-
flux in all directions (iure 8-30). asidgtekUE irc~zfriLm f. eeuaO`1G

TMhe itensity of IuMintation is expressed as the
ratio of the illumination source and the radiated mar-
facempareaziIsmeasmmd in urts of lxx umens/m2), The eirly phokametric standard of light was actu-

ad the quantity ofigWta parameter that includes the maly a candle (made of spem wax), hence the kmfn
duration of light measured in seiconds or hours In si"AWdn candl Later, the Na~tional &Mura of Stan-
practice, the luminous intensity from a source of light dards retir the candl forcarlion famentlamps mnd
is measured in three diferent standard unitic in 1948, anmuicmnestandard was adopted. Thenew

1 wt/C2candle is based on the radiationof ligheuditftigfrw
.1 luuren/cm~a blacklody of platinum when the tempertr-.e is

I1 lumen/in2 (I lwc the modern metric tern) raisedtothezneltingpointof thenoblemetaL2.071C
I lumer/tM2 (I foo-candfle lft-c. the nearly ob- Atfthat teqmpeae 6(W)OOnew cardes/ru 2ofhlmi-
soietetermthatussiliusedintheUntdWStaktes, nous Intesity is emitted (equivalent to 60 cansdles/
especially in the lighting inustty)l CM2)

atwomr-

i Ow I 1

up~~ ~ kwIMeAU

M&g *3a live concept of illumintc and ib units of mesomweaLu let. The ainmant of IlMi~natIon, faiin on a 1 n12
so erial 21rfa0e, kIca 1 fm fwa Ilht sowrc "a is emifttg I cand"l 12~57 harness of otu is defined ws I htx (I
=ue/mI).TheconcePtoflun~m m righ~t, which is defined as theaoi P01 lih rmnte druhwelcebya

do mewsueuwabf cd Wunination. Reprinied with ppermsson bum Genera Electric~ L4M Mmvwreuat an Cent vr4
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The historical confusion between the "bightnesse involving dark-colored (such as gray) objects may
of light as measured as intensity per unit area and require as much as 10-fold more illumination than
"brightness" as judged subjectively through the hu- tasks involving lighter-ccored (such as yellow) ob-
man eye led to the t.se of the term luminance, expressed jectstoachievethesamedegreeofluminanceorbright-
as candles per m2. The standard unit of relatiae stctn1 hess. Unfortunately, a standard light meter does not
sensitwityofthe eye (equal to light of an intensity of 1.0 measure luminance. Howeverby holding the meter2
new candle, which equals 1.0 x of light source) is to4in from the surface to be measured, it can be used
equivalent to 685 lumens/W of luminous efficiency at to approcx te the measurement of luminance.
the wavelength 555 rim. In the visible part of the EM
spectrum, the spectral sensitivity of the human eyecan Quality of llumitatiou
be plotted as a bell-shaped curve. At 555 nn-., spectral
intensity is 1.0. Spectral sensitivity decreases from 1.0 Proper lighting (ie, the proper distribution and con-
in spectral intensity as wavelength decreases to ap- trol of lighting) allows the worker to focus on the task
proximately 0 ran (at 400 tim, spectral intensity at hand, rather than causing bis or her eyes to stray
equals 0.0004), and spectral sensitivity also decreases (which, in turn, increases ocular fatigue and reduces
from 1.0 in intensity as wavelength increases from 555 work efficiency). Unlike the quantity of illumination
rnm, to approximately 760 rum (at 760 rim, spectral (which is measured without regard to the human
intensity equals O.00). The wavelength of light to observer), the quality of illumination deals with the
wich the human eveisn mspectrallystsiteisS5 degree of brightness (ie, a perot's impression of the
nin, in the green part of the visible spectrum. relative intensity of light). To improve task perfor-

Illumination is categorized as either generl illumi-
netio (the ambient light, which illuminates a broad
area)orsppclafolasklighling(lightiugthatisadded TA.41
to increase the visibility of certain tasks). Many indus-
tries use fluorescent. mercy, metal halide, or high- RECOMMEDD MAX MIRIG"HIN S
premsure sodium lamps :o achieve 30 to 50 ft-c of RATIOS
general Illumination. While 30 to 50 ft-c of illumina-
tion may be sufficient as general illumination, this EUNlReal
amount may not be sufficient to produce maximum ........ __icat

worker productivity; supplemental task lighting may A I C
need to be added above specifc work stations. For
example, many machine shops have a general lIlumi- 1. ~twem tasks and aida, t
nation level of 50 ft-c; to increase productivity and dar, rsurroudigs 3-1 3-1 5.1
reduce the risk of on-the-job accidents, supplemental 2- Between tasks and -liast
lighting will need to be added over each machine to ig5Iiffr surdrund 1-3 1-3 1-5
provide at least 100 ft-c of illumination at each work 3. Between tasks and mote
station. Increasing the general illumination level to surtll tersU'f CC 10-1 20-1
100ft-cis not rmmuend becauseit is usally more 4. Betren tasks and more
expensive than supplemental task lighting, and the remote lihtersufaces 1-10 1-20
resulting increaseingl/•r (excessi-ely bright light that 5. Between hmhlr (or
causesvisuldkofort) might negativelyaffect over- windows, skyltwits, c.)
all productivity. and s arui ,wmamt

Unfortunately, most lighting surveys stop at mea- to thern 20-1 * 0

suring the number of fookcandles emitted by the light- 6- Anywhere within normal
ing source, which may lead to erroneo conclusions fiel o view 40-1 9 0

as to the adequacy of illumination. In terms of visual
comfort and job perfomance, measurements of html- WOihhunmratioWv w4n itapu
nance (the amount of light etItted or reflected froma a o.lwhetdmmmolemcmbemmmUed
work surface toward an observer or worker) are per- & A,,.1w, re&ct of umwdime work am cmbecan-
haps more accurate (and more important) than mea- bofdebAt crme- co rmnobe toundiopp e b 'pd
surm..ents of illumination. In the simplest terms, Cr A ,,as oaox) w ,oe .,iy ,o
luminance (which is measured in footlamberts or lm- KOKU ama l ,oa kMVM• •,
berts) is the product of illumiation (in footcandles) eawl arI.Cei. C•(, W,96 s
and the luminous reflectance of the surface. Tasks "nim
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mance and productivity, recommended minimum walls, more initial illumination is required to achieve
brightness ratios, also called luminance ratios, have the same illumination as direct lighting.
beenestablished forusein industry (rable-8). Bright- Color contributes to the quality of illumination as
ness ratios can be controlled by the proper selection well. Obie color is defined as the color of light re-
and location of lamps; painting or cleaning reflective flected or trarsmitted by an object when it is illumi-
surfaces (walls, ceilings, equipment, or floors); and nated by a standard light source (standard source A [a
supplemental task lighting, tungsten filament lamp operated at a color tempera-

Direct and indirect lighting techniques are used ture of Z856KL or standard source B (an approxima-
throughout industry to improve the quality of illumi tion of sunlight at noon, having a correlated color
nation. Direct lighting (light that falls directly on the temperature of approximately 4,874°K], or standard
task) is the most efficient type of illumination; how- sourceC [anapproximation of daylight provided bya
ever, it tends to produce shadows and glare. lndirect combination of direct sunlight and dear sky, having a
lighting (lighting that is reflected off adjacent ceilings correlated color temperature of approximately
or walls) is more comfortable to work under than 6,7740 K]). Color rendering isa term applied to lighting
direct lighting because it produces significantly less sources; an object will render different colors depend-
glare. Unfortunately, indirect lighting is less efficient ing on the spectrum composition of the lighting source
(and therefore mote vep ve) than direct: because (Sgure8-31). Poorcolorrenderngbyanillumination
indirect lighting is reflectW off adjacent ceilings and source can distort color perception. iese ocular

'* b

C

S~. -31. IdedtIca coke boards phokogaptwd in three
ources of uml wtlo (a) daylight, (b) mrcury vapor

lampsand (0W ghpresrewdiwnMIfFS)Lap.Mercury
vapor amps m1m the colornering properties of day-
Sht.but the nw, y monodwomic (569 nnO HIS lamps
reedy distokwClrpWXtM
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fatigue, and reduce worker productivity. Fluoresant TABLE -
lights, the lamps used most conmmonly In workplaces LA m ECS
(due to their cost efficiency), emit a broad spectrum LAMP EFFICIEN ES
light, giving them color-rendering proerties second .. ........ . .
only to sunlight. Incandescent lamps also have excel- uiiTy LM Watt
lent color-rendering pwperties but are less efficient
and produce more heat than fluorescent lamps. Mer- lnandetscent bulte 17-23
cury vapor and metal halide lamps, often used in Fluorescent hfies 70-a)
gymnasiums and large indust-ial bays, are even more Mercury vapor Umps 44-M
efficient, but cause a mild distortion of color percep- MultivaporkLvps 80-90

tion. igh-pressum sodium-vapor (HiS) lamps are H wdhm lamp 115
used in warehouses and many industrial manufactur- L sodium lunps 17
Ing bays. They produce a golden white, broad-spec- L "'I's' I
trumlight with its nmimmintensitycenteare d aniund e w cal mchic. Iiet Lskn . oh;
589 nm. Low-pressure sodium-vapor lamps, which GE, 199, PTP.109. (2) Go MftIic- Ligt Mearrmnt ad
are the most efficient lamps made, are used to ilumi- QCeolj Clvewad, Oh. GL 1971, Pub TI-1.j (3) Maufua JE,
nate highways and parking lots. The golden orange Chro.mt IF. IES-L4 Uhwes H & New York umaftig
fight produced is almost monochromatic (consistg ftv* Soclet 19M2.
of a double wavelength at 589 and 589.6 rim) and
significantly distorts color perceptioni. As a general
nile, lampswith good light effiency tr to lhe poor faces ben o greater than 50 ft-c; of geeral work ares,
color-rendering properties, and vice versa Crabie 8-9). no gmter than 30 ft-c; and of nonwork ares such as

halls, nogreater than 10ft-c. Thepurposesofreducing
V',ud Comfort levels of illumLiuadon were twofold: to reduce electri-

cal costs (which reduced the se of gas and oil) and to
A worker's visual efficiency and comfort are maxi- reduce aurcondiwung costs (to offset the additional

mized when glare from illumination sources or work heat associated with increased ihti).
surfaces or both are minimized. Diret glre comes To maximize illuminatim and minimize eklctrkal
from uncontrolled liHt sources (liht sources without cots, many installations spent millions of dollars con-
reflectorsordiffusors). In order to reduce the uncom- vertingefficetIandescentandfluorescentlamps
fortable and sometimes disabling effects that are asso- to igherefficiency HPS lamps. Mostoftheneconver-
duted with dcgighting sources(suchaslamps sions were in poorly lit areas such as warehouses.
orwihdows) should be estricted by the use of appro- Because warehouse lighting was successfully im-
priate reflectors, diffusors, blinds, or louvers. For proved, similar cornveions were made in industrial
example, light emitted from a bare light bulb is more areas such as madine shos, and even inadmiht-
harsh and uncomfortable than light emited from a tive offices. During routine LSAEHA site viits, the
lamp equipped with a shade. ReflecW Siam comes staff eced complaints from workers as a result of
frmholypo•sW suraces(such asdesk tops, VDT theseconversions. Woirkerso•omplainednotonlyabout
screens, or glossy paper) and can cause significant theuatural gok -arecolobutalsoabout teir
visual discomfoxrt. Reflected glare is controlled by Inabiiy to dWisrminte Colors; proerly in th6 Wiht

mving thelocationof the lightsourceor bychan g For exampe, rust on metal put, which is ey to see
the angle of the work plane so that the fight does not under fluorescenti tingt or m , camotbe see
reflect into the worker's eyes. under HiS amps. Daytme shift workers had no

complainftsabout the lighting (ecuse theMBSlgh-
hibrtlution Dflemmas ingwadwi*metesrMiightth ough the win-

dows), but the evening and night shiftS complained
In responseto the world oilcrisisCongresspasse incesanty about the lightig

the Energy Conmseation. Act in 1973 to reduce the Other problems amociated with HIS lJurp ae
fed governmett's use of emgy and energy-re- excsve glare and headwhe Because HPS lamps
Wed products such as natural gas and oil. The provi- a•r so efirIent and co effediv some = itallatio
sions of this act (tCite 41, Code of Feeral Regulatio have rmoved the supplemental tak litIng frm
Sectio l01-2D.107, Em C fio) umnda that machie shop and hwe insalled more HPS lamps
maximum illumination leveb of work-station sr,. than are usually uecsmy. This has resu&erin mo.
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chineshops having75 ft-c to 100 ft-cof general illumi- dition, a dirty screen makes the information that is
nation. While this meets the minimum IES-recom- displayed more difficult to read, so screens should be
mended levels of illumination for certain operations, cleaned daily.
theglare from somanyHPSlampscanbetremendous; The most common refractive condition associated
many workers wear hats indoors to reduce the glare with computer-related visual symptoms is latent or
and its consequent headaches. Iow hyppa (farsightedness). Hyperopic individuals

To reduce worker complaints associated with HI'S are usually able to compensate for the small degree of
lighting and to improve productivity, the USAE•A hyperopia by accommodating (or focusing) during
has made %everal recommendations: short-term tasks; they usually do not require correc-

tive spectacles until later in life. With the use of PCs,
"* No further conversions to HPS lamps should however, hyperopic individuals accommodate more

be made until the impact on workers has been extensively and eventually develop visual symptoms.
assessed at the installation. Most of these individuals can be helped with lw-plus

"* -lampsshouldnotbeuhtled inadministra- (up to +125 diopters) lenses or bifocals.
tive offices especially in buildings where sun- AMo (nearsightedness) doesnot usually produce
light cannot pmnt the anbient lighting. visual symptoms in PC users. However, transient

"* Geneal illumination levels should be reduced myopia (which is actually accommodative spasm) in
to 50 ft-c (or slightly less), but supplemental otherwiseemmetropicindividuals can occurwith pro-
task lighting, which may have been removed, klnged useof PCs. Rather than weringlow-mfnws (up
should be restored. to-0.50 diopters) lenses, these vidualsmaybenefit

"* Installations should mix mercury-vapor or from visual training that is directed at relieving the
multivapor lamps with HPS lamps to achieve accommodative spasm in addition, they should wear
a more natural spectrum of illumination. either low-plus lenses or bifocals to relieve accommo-

dative stress while working at their computers.
Persanal Computeu a d Video Display Termina Astgnmism (a focusing anomaly that occurs at both

distance and nearpoint viewing) can adversely affect
Intheworklace,txwritershavebeenspanted PC workers. Individuals with moderate to large de-

by PCs and VUrs, not only in this country but also grees of astigmatism usually wear glasses full time to
throughout much of the world, In 1975, there were correct the astigmatic error. Some individuals with
fewerthan200,0(00VDTsinusein theUnited States; 10 small errors, however, function adequately without
years later, after PCs were introduced, this number glasses until theyareconfronted byavisually intense
had grown to approxmatey 13 million units-with task, such as looking at a computer screen for several
100 million projected by the year 2000W Concurrent hours. These individuals need to be refend for a
with this phenomenal growth in VDT we came an visual examination.
incease in the dincal signs and medical symptoms of Other vision-related problems include accoimo-
work-re ated health problems. dative problems and presbyopiL PCs typically re-

quire an individual to accommodate for both the
Probkms witk Visaou nearpoint(14-18 in) and intermediate (18-24 in) work-

ingdistances. Some young indlviduals have dysfunc-
Ap•rximately 0% to 75% of computer workers tioial accommodation system and develop sign-

experience some form of visual discomfort, indudig cant problems when working at a computer for
fatigue, headaches, eyestrain, burning eyes, blurring prolonged periods. Everyone becomes presbyopi
of the monitor screen, intermitnt double vision, dis- with age (an individuars amplitude of accommoda-
tamoe bluring after using a PC, nedacie, and back- tiongraduallydiminishes). Atapproximately40years
ache!- This discomfort is most often attnrbuted to of age, prescription reading glasses or bifocals are
visual prAoems of the worker, the surrounding envi- usmllyre redforanyextmsveresmingorn rpolnt
rmnent, or a combination of both. Visual problem task. Individuals with accommodative problems or
can stem from (W) uncorrected refractive errors, 0() presbyopia require a complete eye examination to
accommodativeprobleisorpresbyopia. (c)b'cu & asessteracom odatveWn TypicaUy,these
coordination problem, (d) glare, (e) contour sharp- individuwalswillrequre eltherl•o-pluslersesorbifo-
ness, and () theflckereffect (which may cause fatigueo cab (to compemsate for the lackofaccommodatimO;in
migraine headache and other nmvisual physical someses, visualtrainng (otimprovetheamplitude
pmrbmincertain flkeri-msve people). Inad- of accommodation) can be hepf
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Because working with PCs involves both nearpoint with accomnodative problems and presbyopia, these
and intermediate distances, distance-specific spec- individuals also require a thorough eye examination.
taces should be prescribed: reading glasses, with In most esophoric patients, low-plus lenses should
sufficient depth of focus to encompass both distances; besufficienttorehievethesymptoms. Inothersaswell
or bifocals, the upper section of which is used for the asinpatients withexophoria,visual trainingisusually
intermediate distance and the lower section for the required to improve theeyes'abilities to convergeand
standard reading distance. Conventional trifocals diverge. However, optometrists and ophthalmolo-
should be avoided; they tend to induce neck- and gists should avoid prescribing glasses with prism (to
backaches due to improper positioning of the head compensate for exophoria or esophoria); patients will
(Figure 8-32). Special trifocals with an intermediate acceptprisminitially, butwillinvariablyrequireLrger
vertical-segment height of 10 to 14 mm (rather than the corrections of prism over time.
usual 7 mm) are available and may be prescribed in Glare causes considerable problems for PC users-
certain cases. Reflected glare (from overhead lights or nearby win-

Some computer workers will have problems with dows) makes the images on the screen difficult to see
theirbilavision. In manyinstances, visualsymp- and causes eyestrain (Figure 8-33). Curtains or blinds
toms stem from espAom (overconvergence of the canhelpcontrolthegLefromwindows.Anreflecti
eyts) orexooria (underconvergenceordivergenceof screm nsignificantly reduce theannoyingeffects of
the eyes) at the intermediate or nearpoint working glare by reducing reflections.
distances. Many individuals with esophoria or Background or contrast glare is an even more sig-
exoplhoia do not complain of visual discomfort until nificant problem at most PC work stations. If the
they are required to perform nearpoint tasks, such as general lighting is overly bright or if the screen is
using a PC, for extended period Like individuals located infrontof eithera windowora white wall the

Fi& S-2.. Workem who wear convtional b0ocals or btrocals usually hav few visal problems when dong routne desk
wodc, but they often have problem when usinga video display teninalThis ofueworlh ntousea Wocal seginw
that is too weak for reading the mnltor, at the end of an 84hour day, she will un edly have neck aid back strain, To
remnedy this situatimo this worker should have wccp1iqutp bifocals-with the termediate prescription (foran 18-
24-In..viewhngdistance) in the upper portio of theles mand thesworlreadbgprejaiditicn(for 14-184n. readingdistance)
in the lower segmet,
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Fig. S-33.Computerwork stations should bepositior•ed forrmaximum productivity.Thisworker might bedistracted by g!jre
from the window. Windows should be equipped with curtains, mmntbhnd,%, or both, to reduce direct glare. If this cannot be
accomplished, the workstation should be moved so the source of glare is behind the worker.

iris will decrease the size of the pupil. This limits the phenomenon is that the green-stimulated retinal re-
amount of light that can reach the retina. Theimageon ceprors become fatigued due to the constant stimula-
the screen will appear less bright, which can lead to tion;consequently, whenthecomputeroperatorlook-,
eyestrain and headaches in operators who must view away from the screen, white objects are devoid of
thescreen forseveral hours. Thesolution istodecrease green, making them appear pink. Discovered in 1965,
the ambient lighting to improve the brightness ratio the McCollough Effect is seemingly harmless and
between the background and the screen; however, if relatively short lasting.
operators must work from hard copy, they should
illuminate it with a spot lamp. Radiation-Related Health Effects

Contour sharpness is yet another problem for com-
puter users. The sharpness of the images displayed on A number of studies have associated cataract for-
the monitor depends on the matrix (the number of mation with PC use. In 1983, 10 anecdotal cases of
horizontal and vertical dots per inch of screen). Older cataracts were reported in VDT users; six of the pa-
color graphics array (CGA) monitors (also known as tients had minor opacities that did not impair their
red, green, blue IRGBI monitors) are being replaced vision, while four others had a history of exposure to
with new.generation enhanced graphics array (EGA), other cataractogens. Many experts, however. d&
video graphics array (VGA), and even higher-resolu- count the risk of cataracts. Testimony beforea United
tion monitors, which, because they have higher reso- States House of Representatives subcommittee sug-
lution, cause !ess eyestrain than the older models. gests that 25" of the population of the United States

The McCollough Effect (an afterimage that causes has opacities of the levis without impaired vision,
white letters and objects to appear pink) is a startling while approximately 4"& of the population 35 to 45
visual phenomenon. It occurs in computer workers years of age has age-related cataracts. In addition,
who spend long periods before a motochrome screen radiation-induced cataractogenesis is thought to re-
that displays green characters against a dark back- quireeAposures 10,000-fold greater than that expected
ground. The theoretical explanation for this unusual from a PC."'
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Fi*I S-31L Transauttbmkes of difrv opt•ad m&Wls used to mnmufactum spctd knu Sorc Pf DC Uluv
Proktediom when and why? Pmb in Optom. 1990-.2(1):5-11is.

Solar Ultraviolet Radiation reflect 3% to 8%, dry sand reflects 15% to 18%, and
fresh snow reflects 85% to 95%. When all dieme factors

,Although exposure to solar UV rad~iation is not are considered, snow skiing (due to the altitude mid
considered to be an industrial hazard, it can be an thereflecthvitof snow)isthemos•tUV-intensivtenvi-
occupational hazard. Many outdoor wcrkr, incud- rn~ment, Woowed by sunbathing at the bead
ing soldiers, can sutain exesve exosr and may Grasses with a filtering tint provide the best pwtec-
beat risk for sunburn or premnature cataract kwrmation, tion against low levels of solar UV radiation. How-
Photokeratitis due to sunlight does not normally occur ever, it is dageouto assume that all tinted glasses or
unksexosurevlsrunustulyxcesiv. Leel sunglassesprovdeadeqluatorequa fltering proec-
of solar UV'radiationovrxpsueare difiut to tion. Data on lens materials reveal that regular Slas
estimateduetoa nunbrof van.rables including Wa)the lenses attenuate approximately 95% of UNV radiation
firme ofday,(O) t~he ange of the sun, Wc the latitude and (the amount varies with the wavelength), followed by
altitude at which the person is working, Wt the degree polycarbonate and then CR(-39 (Figure 8-34). Manu-
of cloud cover, and We changes in the suroning facturm of CR-39 and polcaxate lens" add UV
reflectigsufae For examlk, wore than eO% oRN inhbior to prevent the virgin CR-39 polymw fom
radtiaona exsmtoocurbetwemlO00and 14KlO ho yellowing as Owe lers absorbs UV radiation over Oine.
when the sun in hghest in the sky. Futemr, UV While a car CR-39 ophthalmic lem pnotect a weaner
exposure i:nceses by 15% for each kilowff of aWt- agabstiow4evelLfV-CandUV-Bradiatdnitdoesnot
tud,(approximteiy •freech •,00eee). Ooudk, pwv~accepWeprok ,onahst UV-^ rad~atd
notattemsteUVradiatinlthtiswhysumbumsocc• Maximum prtcto against solar UV radiation oc-
even on overcast days. Green grass reflects only 3% to curs when CR-39;enges are catedwurth an additional
5% ofambient UV radiatioonwhile fresh and salt water UV-dsorbing dye called UV-400.'
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Consewing Vhion

SUMMARY

Soldiers require good, if not excellent, vision to be through training, administrative and engiteering con-
able to spot their enemies quickly and to fight to the trols, and by providing individuals with appropriate
best of their abilities. To this end, armies have sought PPE. TheenvironmentaIvisionelement evaluatesand
eye protection: a soldier who has been blinded is both provides solutions for environmental problemn such
useless to the battlefield commander and at risk of as illumination and radiation (ionizing and nonioniz-
being killed. The US. Army's inter2st in meeting the ing), which may negatively influence the worker's
ever-incregsing ats to vision and ocular health has vial efficiey and health.
expanded through the post-World WarUI inception of Perhaps the greatest challenge to the army and its
theOccupationalVisionProgramtothecurrentVision Vision Conservation Program, after trying to field
Conservation Program. acceptable, standard-issue, eye-appropriate PPE,

The VisionConservationPgram isa L on- is wearing compliance-both on the job and off
based, dynamic program comprising three elements: duty. Individuals who do not wear prescription eye-

ioccupational v eye safety, and envoimonn tal glasses are often umcomnouble wearing a device that
vision. The goal of the occupational vision element is does not obviously affect their peformance. How-
to provide military personnel and DoD Civilian work- ever, the use of eye protection can be expected to
ers with the best vision possible for them to work and increase over time with safety leadership by supervi-
recreate safely, productively, efficiently, and comfort- sots and managers and continuous worker education
ably. Eyesa.*ydte d towardelin'inatinginjwres and training.
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INTRODUCrION

The United State military is a mawr producer and in producton during wartime has tended to result in
coumerofepsves and propellants. Although we for higher exposures. with cotrespondinly more nu-
have recognized the toxic effects of some of these merous and wore severe adverse effects, thn the few
compounds for many years, most of the data on their mild adverse reactions that occur during peacetime
effects on human health were published during World production,-"
Warland World Warll, and manyvoids remain in our Fhuore, the evolving reguty environment
knowledgeof theirhuman and ecologicaltoxicity. The surrounds these and other industrial exp m to
database on theeffectson health (especially human) is hazardous substances. For examp the Occupation-
uneven and we must remain alert for newly discov- al Safety and HaM Administration (OSHA) has re-
eredordescribedeffects,especiallythosethatconcem, vised the air-cortaminant regulations for over 400
carcinogenic and reproductiv effects. The lack of chemicals, including nit~roglyceri. Whether these
adequate data on exposure in human occupational newsdardscanbercedisstillundecidesome
epidemiology stuies, and the Lack of routeseciflc questions have been raised rgrdig whete the
toxicity data (especil inhalaon and dmlabsorp- pt ed standards are feasble roin an engineern
t6oW) mn animal studies, pwudes our making dose- perspective
response estimateshfomostexplosives. Thereforeit is 7Thischpter fcuses excusvelyo ma iiary expo-
ourresponsibility toroesideofsafetyinmaldng sives and propellants, and is structured according to
judgmtsabouthumanexosuraeothesechkn*a, the chemical family of the compounds: (s) aliphatic
and wemustin uedataonshruuralysimflardcemi- nitrate esters, (b) nitraromatics, (c) nitraminim (d)
cas in our overall assessment of the probable health hinitatt i o ives C()composite ppen t, and Q)
hazards of the etposives. liquid propeilant Most munitio, howevw, ae

ITheproducaionofmostoftheseexplosivesparacis mbxtures; of chemicals. Medical professionals new to
the military activity of the United States. Peacetime propellants and explosives will need tobreak through
production is usually sufficient only for, meearc and the engineering and technical jargon wAd nomencla-
traiing needs. Durng wartime, the manuature of ture to identify specific chemical eposur befor
these compounds inceases; the worldbrc inaeases they can deal with them. Occupational health person-
(th yincreasing thenumberof inexperienced work- nel need to expect, in addition to exposues among
em who are unfamiliar with these compounds), and plant workers, sporadic exposums among ammurni-
physicians who are inexperienced with the unique tionquality-asiancespeclallt~exploslveodnance-
hazardsposedbytees mahamS O disposal spedahsts, and pesonne who test or use
withdtecareofexploves workers The rapid increase explosives in enclosed spaces,

HISTORY

The Chinese ar generally credited with inventing Because of their ready natunal availability, inor.
explosives-in the form of fireworks-ýforeAD 1000. gan nitratebased explosiv• were the first to gain
Blackpwderwasnotlntroducedtoth-westemwodd importance. Croday, the most Impotant inorganic
until approximately 1225. Rar Bacon, an Bnlish nitteexpodisammonimnitratewhlchisused
monk, aoducted anddescrbedsomeofthefirstscien- in demolition and construction.) Inorgank ntates
tificeperimentswith this explosive minxeofsate- formed the bsi of black powder, which was the
ter, clhrcoal, and sulfur in 1249. The age of gunpow- predominant explosive used in the United States be-
derbegan nearly simutneouyin Euopeand Chin fore 1900. Its 3W mao military use was during the
with the invention ofcannons ealyin the14thcent, Spanish-American War of 19. Black powder is an
but until 1800, the development of explosves was easly produced physiM-calmhure ofsulfurcharcoal
limited mainly to improvements in the Manufactu and potassium nitratebut tis not well sured fomost
and application of black powder. Modem explosive modemn militay usex It produces excesive smoke
tecdhol was developed during the 19th century and fluh (whicd could aert the enemy to the position
with increased research and development of poe- of the Sun arnd has a dangerous tendency to cake and
lants, high explosives, and weapons misfiem. Howe , it is still used in primer safety
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fuzes, flues, grenaes, practice munitions, bNks, that the manufacture of exposive materials posed. In
fireworks, signals, and specialized quarry worL I875, they pawed the Expksis Ad after an industrial

During theopeningyearsofthe2th cvntury, faste, explosion kiled 53 peopleW This law established in-
cheaper, and higher-volume methods for producing spectors of explosives, who were authorized to in-
explosives were developed. Numeems compounds spect all magazines and factories to ensure that opera.
were synthesized and used as detonats, boostem tions were accomplished safely.
and flash suppressors; dynamite almost completely At the beginning of World War 1, TNT was genaer-
spantedblackpowderincommerdaluse,andtrini- ally believed to be nontoxic in all its stages of produc-
trotoluene CM became the most commonly used Von, but thisbeliefchanged. During the course of the
militaryexplosive, war, the major powers used approximately 5 billion

Wih~sewnudevelopments,attention focased poundsofhighexposives~pinmarilyTNT~resutingi
on orga.-& nitrate explosives. The aliphatic nitrates an estimated 10 million battlefield casualties.' In the
were the first group to achieve importance because United States, at least 17,000 cases of TNT poisoning
clulose, glycerol, sugars, and coal-tar derivatives occurred during the war, resultmg in more than 475
were readily available for use as raw materials. Later, deaths. Efforts to reduce the burden of disease
as cost-effective bulk synthesis of ammonia and form- indudedjb otationmedicalexmintiosandwork-
aldehyde became possible the aromatic nitrates be- placeventilationand hygiene. Theseeffor wereonly
came important militarily. The most recent group to marginally effective. Successful control of worker
achieve prominence is the nitramines. expomr was finally achieved through the automa-

"Troughout theearlyyearsof World Warilthe low toi of many operations during shell loadimg, and the
production capacity for most exposives, and propel- application of strict standards of workplace hygiene!
lantsplaguedtheUnitStates,andntmnerousdhares The World War I experience demonstrated that
inthemanufactri•pocemesweremadeinattempts ammunition-loadgplantswereamng•themosdan-
toinxmseproduction. Adaptationtotheshortagesof geWusin tWoperat duetotheopenhandling
raw materials, in addition to the unique requirements of dusty and fuming compounds Beginning in 1938,
of each type of weapon, led to the increasing complex- the Ordnance Department and the United States Pub-
ity of munitions design. This adaptive solution to lic Health Service coordinated an intensive effort to
inadequateresurceswasmotpralentinthesearc forge an integrated health and hygiene program in
for rodcet proplarnt For emple, the addition of ordnance plants to reduce this burden of death and
RItrXguanidn to nitrocellulose- and niftoglycerin- disability of the workers? This effort was
based propellants was found to both increase produc-
tion capability and meet the unique and exacting re- the rst large-scale dmostrt of wht can be
quiremirnts for newly developed wpons systems, i n many se-

Additional weapons research after World War n o015 hafthazardsb a vlgrous medical ad ernst-

has further expanded the uses of these compounds. n

"The plethora of explosives and propellants currently Comequmey, the ccessesofnand lesonsered
in useand under devAlmt has resulted from co- from this effort led to the establishment of the field of
taind research into the properties, cost, safety, stab- o bonal medcnein the army, whee it m tos
ity, and predictable performance of explosives the healthofoverl10,0(0 cvilian employeesatdepots,

The British were the first to respond to the thrmt arsenals, and ammunition plants.

ENEGE'ric MATERLIS

An energetic material is a compound that can un- nab) evolve large amounts of heat but much len gas
dergo rapid, self-sustaining, exother , reduction- thanepos Energe aterialsmay
oxidation reactions. Ernrgetic materials may be cat- abobegroupedaedingtotheirrateofrecti Both
egodizedat=Wgothdrin dedu~sm~)exlsvesv propellant.and pyrotechics are considered to beklo
Mb propellants, and (c) pyrotechnics. Explosives and exposiv, and the velocity at which the combwstion
propellants evolve large volumes of hot gas when pI sth oughthesem aterlaULssumahy400m/sec
burnedL they differ primarily in their ratesof reaction, or sower (Fiur 9-1). In comparison high ctplosives
Pyrokth (Ge, a powder or ammumition used for are dewuW, a process In which the very rapid rate of
igniting arocketor produciganexplosion; theterm is the combustion reaction itsl produces- Asock wave,
also used in the military to desdgte ares and sig- capable of hattering objec in the surrounding me-
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Fig. 9-1. Approxinmte dett. titn ra k, of comrar'o m3 ilibry and industrLil explomiv Infinte vanations on thewe rates arre
pxs ible by m i %ing and ti using add tii .. BEoth explost veand propellInt fonnulations have taken advantage of thes. high
detonation rates Adapted zivth pevrm..iwon from Meaid] )if Ea'lxti.adJ Toxic lla:arn•du Malewaa,. New York. Macmillan
ubhhing; 197- 24

dium. The shock wave moving thnrugh the explosive lhther t osterchargeorthemaincharge. Thebooster
material caus..s further explhsive decomposition of charge is an optional component that further magni-
that nmaterial, and the reaction rate i% determined by fis the explosive impulse The main explosive (or
thespeetJ.of the shock wave. The range of velocities of bursting) charge contains the largest amount of an
the sh~ck wave is 1,000 to 9,tkXO rn/sec. In addilion to insensitive, but powerful, explosive. Explosives d u.d
be.ingused asecxplhsivechargs, many high explosives as booisterand main charges are-usually not capableof
areaLs(use.d in prpe.llant formulations. For purptoss being initiatid by impact, friction, or t, brief applica.
ofthL-disc.,,ion, thetermell•.h-i'vis used genercally tion of heat, and are known as secondary expKosivw-.
to indicate any energetic material. Some common primary and secondary explosivesare

listed in Exhibit 9-1.
Explosives The secondary explosives used currently in most

militarye xplosivede, icesare physical mixtures. ofone
Modlern explosive devices emiploy an ripsi'eras or more high explosive..s with various additives (Fig-

that takes ad vantage of the specific explosive proper- ure 9-3). (The use of mixtures, rather than single
ties of its components: the initiator, the detonator, the compounds, provides. for greater flexibility in explo-
booster charge, and the main charge (Figure 9.2). The sive design, and additives extend the range of perfor-
initiator, or primary explosive, consLsts. of a small mance even further ITable 9-11). MdelaaudintV, com-
quantity of material that is very -ensitive to heat. monly use d with TNT mixtures, Lsa process in which
spark, impact, or friction. Primary explosives may a nuiltterixplosivemixturehiintroduced intoanempty
intensify the energy up to 10 million times that of the, , shell casingand allowed tocooland harden. Secondary
initiating stimulus. Ceonxetric arrangement of the explosive mixtures are u.sd to facilitate the melt-
expklsive device direts either the flame orthe detona- loading procems to optimi/e (a) the oxygen balance of
tion waveof theinitiatortoward the detonator charge. theexpiosive.(b) explosivecharacteristics such asblast
The detonator, a larger amount of les, sensitive but and fragmentationand (Oengineringcriteriasuchas
morc, powerful explosiv material, then detonates ei- malleability and strength.
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avcupvtoni Heshk The SOadkT ad *e Industrial &ws

FIDX TpfhTM Powdr NMM

cou HE Mo0th HE~ a RRi ibiIst RokdeNv AWrFoi &duihdi
cou Wadw

BOX. Rosdi D*PWPIItE*Wwv Aawwonkmn I'M W - W^0 CSL: auK Bomb tUi
HMX- 11"MO-ll w HE.f uPO0

4E9-& Eq lves fiamily tree MW qckIves ii militay use arebased on RDX.1Forbot& In axmbination with odhe
-eposidves. Mee occupatioa health practitioner needs to know the common nanes of the exposme bein used at the

installatilobeabletoa-uw-1'hn 1tbeappropriateinK ica swillanceexaminations AdaptedhmlSArmyEawlronmen-
tat Hygiene Age"cy b*er Pbkdbm Asp"ct of E* &svMondm.tuing Aberdeen Proving Gro=4d M&d MM&EH 19W 4
USAEHA Technical Guide 4.

Exlde n exp4osi ye-actuated devlcesareused Mieepoqslhvespropllmnft utilize a series of mate-
widely in both findustry anod the miltury Explosiw nals in an Ignition train (fture "-) An electrical or
are used in corstruction, mining, pzarying, demobi- mechanical impulse impinges on the sensitive primer
bion, metal ftrmih wddih& and cladding. Explo- mfterial. Theslgniter h it, a pyrolechri, whkh

svactuateddewies ae used to drive turbies, mowe in turn ignites the main propellant graliL
p qnista, operate rocket vanes, start aircraft engines, Propeilantsaybeformultedeitheassolldoras
eject pilts and to provide beat. Between 1960 3nd liquids. S~ld propelants are wed mmorfrsjqentlyin
WS7, domestic indutria explosie osumption in- guns, carnoms anod smanle rockets, while liquid pro-
,crePaseP from 500 nlmm tile tore to ove 1.4 billion pellants aremuedirinh'gh-pefonnc issillesysteins
naetiic tons. During this time the ue shifted from and othe selectd applications.
bMack powder, liquid oxygen, and dynamite to safer
ammninum nitrate-basedoexposives Todayover 100
million blasting caps ame used annually in the United TABUE 9-1
States! Althoug the specific military usm of explo- TYIA EXLSV DrIE
saves ame almost foo numerous to count, they Linclude ______________

the pfoduction cifaginent, air blasts, and underwa- MMd
ter shocks the penetration of armon, demolition the uAduw ftFM. ,Ostruf
ejectmofpeooidfrm aircaft andaxnpnertsof

Pytomde hstebombs

engineered to react at carefully contromwe rates, pro,- wax DMWW10VbW cmy~ui m C~yiA
ducinia sustained presue eftoveralonserpeo Skkd Nutemadsas
oftimiethazahoploslws. Incontrasttothedetona- r ok el Exkuip"aW pbetldae CiugaitkaiC
flonoflveheprosiesstetof rpellmutbum- oDa'fiew~
ins isreerdo toasdifstn~mwrer~n the rateofl* beat&Ct
trnster deermnines the rate of the reaction whihftk*FII1f CEd O

proesat subsonicsees
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a Pri~NOW BoosterDOstnioiW avesA

eo*sive tran Wa and ignition trains (), in cumcept thiey are mey similar. In bolk a smAl elecricl or mehnical
smtingll mpetusIs m ified vlaasccesimofbnol medlatedar cad eveopft Ititlonof the main chage
orpropeilat grain. The najordifferenc betwee the two tyesof duhains isn thexomonent chages rates oftroatioit
Adaped ftomUS Depormenof the rm. Maiay EzosizvmWashngton. C-DA. 15E.Tecfhnial Maal9-1300214.
Sepfember 1984 with chang I o(30 NoveMbe8

Solid propeflants mnay bedcassldW by their demi- sysems untfilrecenty, whn rseardthas ocusdon
caI COmutioSnbW Eam asasunkqumpropertiesthat usig linAi gun propeLants for howitzes Srevew
render it usefu irk certain applicatioun. All solid pro - candidate liquid gun propelants wil be diuscwd
pellans iayconam additivs smilarto thue used in later in %ai chapter
ecptosive mixtures. 71e additime can be nmor tooxic
than the principa components of the propellant and fyrotehak
m~ust be considered in occupatlonal-azard analysis.
Regardless of the composition class, the chief advan- Pyrotemchnicmterials ae relaively sowbw~xi&ing
tages of sold propellants Include ther compactnm, nonexpksive powders such as mnetals, Aclys, and-ft, ews of storage, toleranc of temperature ex- hydrocaubon uwmlur. The only pyfedmic com-
beames, and ense of handling In cmnpeulon, fiquid pounds. dimcume in this chapte a&m thou used in
propellan systems permi gwater thrust control and initiafti cowpositions and propelkaft However
delive bhige specific Impulses Liquid propellans pyrotechnis are also, widely use in the mtilitary as
havebeen limited to use in high-performance m 11il flares signal relys, delays, and fuzes

EXPOSURE

heDepartment of Defiense (Dol), are the poinmay goveranment contracts shce the late 1940Ls
Shea of occupational MxpMMr to militay explosves, in adition to t"me at aummnition plants, AM&ift
lwtpesofam muwtdonmplantsind de(at)proepDant- cant actionsr occur at othe types of military aie
andexkvm ni!T plants, 0b) mjetal-parts M60 mu Utw a ~reanufactured (in limnited quantities),
plants,(c) snalm iswplars, ad (I) seDloading.as- Utkedad w rd atwsmaIrkkdtpee wvAuds

semly ad pckng(LA) lats Privteompanie and mananed , stored, and demiltarized at &pots.
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Unique operations, with potentially hazardous expo- of most loading operations. Comparatively few em-
suresaredoneat each typeof facility. Workersat these ployeesareexposveaetsivatsal-ar mplants,
facilities may perform duties that can potentially ex- arsenals, or depots. Because ammunition isproofired
pose them not only to toxic hazards but also to other there ie, a batch of explosive is ignited to prove" that it
hazards of which occupational medicine physicians works and to assess its particular perormmance charac-
must always be cognizant. teristics), small numbers of employees at proving

Even though propellant and explosives manufac- grounds may be exposed to many and varied explo-
turing plants produce a limited number of specialized sives and combustion products. Workers at all these
products, their workers can still be exposed to feed- facilities, especially metal-pazrs pknts, can be exposed
stotc, process cheimkls, and the finished explosives to common industrial chemicals such as carbon mon-
(Figure 9"5). Feedstock is a generic term for the raw oxide, lead, nitrogen oxides, solvents, paints, and cut-
materials that are used in chemical manufacturing It ting oilsW Metal-pim plants manufacture the hardware
can includechemalssuchastolueneandnitricacid in in which the explosives are loaded and ued, such as
the synthesis of TNT, and raw cellulose such as cotton rocket tubes, shell casin, bomb casins, and triger
or paper pulp for the synfes of nitrocellulose. Pro- assemblies. Cuttigoils(usuallyminrloil)areusedto
cess chemicals include all others in addition to the hibrcateandcaoolthesawsand macdningtoolsthatare
feedstock used in the synthesis (e& salts or acids may wed to shape the metal puts. During the past decade,
be used in separations.) Exposures are usually con- cutting oils have bem found to be contaminated with
trolled at the manufacturing plants by enclosing the nitrosamines, a class of potent carcinogens. Madi-
procssstnems,whichareflows(literalorfigrative)of ists exposed to these oils via the dermal and inhala-
the partially processed feedstock through the addi- tional routes may be at high risk for cancer.
tional chemical processes and reactions necessary to
complete the syMthesis. Exposue Controb

LAP phnts present the greatest exposure potential
for employees, due to their use of a wide variety of Several types of workplace standards have been
explosive compounds and the labor-inmtensive nature established tore lateemployeeexposum US.Army

* 3w~ Mfla Wft ) Paw I~~ I)
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policy follows the most stringent limit elaborated by General Safety Pradce
OSHA, the permissible exposure liit (PEL); or the
American Conference of Governmental Industrial Hy- Safety is of paramount importance when personnel
ginists(ACGI-),theThreshnldLlmltValue(TLV). In handle explosives and propellants. The accidental
addition, because dermal absorption is a significant detonation or deflag&ation of these materials poses
mute of exposure for many explosives. OSHA has serious hazards to employees, other people nearby,
given a skin designation to those chemicals, to aid in and pope", including blast overpressure, fragmen-
theiridentification. Thereforeskin exposure tochemi- tation, and burns. Creating a safe workplace around
cais with significant dermal absorption should be re- explosives demands that the cardinal principles of
duced to a minimum. However, where published safety be followed.
limits from OSHA and the ACGIH are either un-
available or inadequate to meet army requirements, * Separate each handling operation to prevent
the US. Army Medical Department establishes army- fires, blasts, or fragmentation.
uniqueexposure !_its. Table9-2showsthepublished - Use the minimum number of personnel for
limits for the more common explosive materials. each operation.

TABLE 9.2

EXPOSURE LI•MTS

C:hemia Name CAS Regiutry No. SMdn Destaplon TWA(Sh) S"EL (Srt5.)

Nitroyern 55-63-0 + -- .1 mg/ 3

Nitrocellulose' 9004-70-0 - 15 mg/m' -5 mr,/mf

PEN 7,,-f-5 + - 0.1 nm/mn3

PGDN' 6423434 - 0.3 mg/m 3  -

TNT' 118-96-7 + 0.5 mg/m 3  
-

DNT (Z,4-D4T)' 121-14-2 + 1.5 mg/r 3  
--

(2A-NT)O 606-20-2

Amonir Pncrare 131-74-8 + 0.1 mg/mr 0.3 mg/M3

FcAcd' 58-89-1 + 0.1 mg/rin -

RDX' 121-824 + 1.5 mg/m3  
-

IlwIX 269141-0 + 1.5 mg/mr3  
-

Ntroguanidne' 556-W-7 - 4 mg/rn -

TeOyW' 479-45-8 + 1.5 mg/m 3  -

Laod AzWde' 13424-46-9 - 0 jig/rn -

Lead Stypf ' 63918-97- - So pgt/rn -

M yFulminate' 62&8"-4 + -- .1mg/zn 3

(s mercuy)

IIIIIII Cn19!O.100 im HyII eI A I|11 Ip II IH mIII
. r mA,, swies. AedmP •ovItCaGgd,MdO• t• SAD• • m bs da,.,Abewdems G, und Md: USAIHA.
"Toa2dus •espAledwt IMemn, as lead

CA&,Scb1Abstact OW htySuSs,- W 1 epomwmuezmitde6ned as15.mlnuwhxposw. TWA:Oureivwe-e4ftd

hyd.1.3.5,74ttr.uiltm-13,S,7-tetazode
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OcciuthonaI ikalik The Soldier and ith IndushW Balse

FIg. 9-LTttis photograph was made at New RiverOdnanice Plant. Dublin Virginia on 30 September 1941.The first step, in
thevmnawfacture of powder bags Is to lay the mateWa on the tale mark for the ze of the be&, and theanct with an electri
knL'e. Nu nbersare thenprinted on thedoth to deate the chigethastob pu othe~bag.Tepkeceoidotha&rethen
swii togther tN make the bekg.Thelaststep. showni hemz h to weigh ted Vof smokele powder, flfl the beg and the
sedft he numberson thvebegs ire very larg to prevent any ervtor Note the admbiniatli saftyc ntrwlm resIn pla
at this pre-World War H1 ara-y public relations photogrplL the number of personel allowed in the ame (6 operators 2
transients) and the limits oni the amount of exploelves allwed to be wsed In the operation (140 lb of smokeles powder, 25
exposve charges in Ohe chte). Phtogrpph Com"es of the LIS Army Durea of Public Relations
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Stockpile only the minimum amount of explo- Induftrial Hygiene Principles
sive or hazardous material necessary for effi-
dent operation. Applying industrial hygiene principles such as (a)

engineering controls, (b) administrative controls, and
The DoD has established uniform safety standards (c) personal protective equipment (PPE) in the work-

applicable to ammunition and explosives, 0whlch the place will futher limit the potential for workers being
armyimplementedinArmyRegulation385.64." Most exposed.
of tlese are saty standards, which address factors
including the sensitivity of explosive materials to acci- Exgwieg Controls
dental initiation; the quantity of material available to
be detonated or deflagrated; the heat that would be The ideal control of an industrial hazard isachieved
generated; the rate of burning; the potential sources of through designchanges such as substituting a safer or
accidental ignition and initiation; and the protection less4oxic process or material. Any such modification
capabilities of shields, dothing, and fire-protection of the workplace should be dosely coordinated be-
system Wgure 9-6). Other bealth-focused stadad tween qualified industrial hygiene and safety person-
address the potential oxiW y of the epsive materials nel. But substitution isa long-tem solution, and may
and the control measures that must be in place to not always be possibQ For example, the US. Army
em thatwode osureis within acceptbelmits. Armament Research, Development, and Engineering

"MIN

i.-7.Tbbpotowaph Is dated April 1942. A worker is epering to dunpa box of bulk TNT ntothemelt unit, through
"whd uesm is p&"ea.The•L'iquiedTNTwwlM thenbe pourd into heland bo The worker we spealnopad
safety sOw" mAde without nails. Phtotographt Courtesy ol the Ordnanc Departmaint SIgnal Corps Coftege Ordnanc
Center, Pi•tadty Arsenal, New Jersey.
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Ri& 9A Tlhis phtogtrarh %4a-. nude at W01' C.reel Ordnance P~lanit. Milan, Tentit-m.et in June 142 The ovdrdawc %torker
i~ 4own ashNT e hand- affe exposure it) INT. to pri'i ent deriat-i. Phtitograph. C hc~of dihe Wairid War 11 Signal

LCtxrp Colk-ge. W~ar Nixtia h~irt: 12

Center at Picatinnv Arstmiai. Newv Jimtey, is currently * general exhuust vL'rtilatifln-thIe type used iii
enideaivorinig to fird a subsitute fmr dinitrotoluen'e ioswe.pwv3Tmun r clng
(MMT) which is both toxic to humauns and rnutagenic * local exhaust vk-rtikahion-the type used in
in animnal systems. It has been classifitd as a suspect dusty cperations such a,. simxing (know-n as
carcinogen."~ Finding an appropriate lsubstitute is ex- scrcrnm iqgimechernical industry) flaked DNT
pIl~ed to take about 5 yetirs. or TNT;,

%ome controls prov'ed their worth during World * temnperatum control to reduce vapior genera-
Warliand haveettdur-d thetest of time. Someofthose tion-the type used in tolling operations with
Wehods, still in use todav. include propellants containing nitroglyccerin; and

vtremote-controlled operations--the modern
*enclosurz' of pri ot.eý---the melt unit v.sed in continuous-flow nitrattirs used to produce iii-
TNT melt-loading olvration~s (Figure 9-7): troglvcerin."
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Admnistrmivc Controls smoking Wbacco products; and stodrg or using prod-
ucts for chewing, such as gum.

Since World War 1, administrative controls have
consistently emphasized work and sanitation prac- Pemnal Pro tective ErNment
tices (Figure 9-8). 'Today's administrative controls
encompass more than just rotating employees in and PPE to control exposure should be used only when
out of areas with high exposure potentials; they in- engineering and administrative controls are inad-
dudesuchessentialmeasuresas(a'educatingworkers equate. During the world wars, the use of change
aboutthetoxicand& iazardsof thematerialswith houses and the wea-ing of coveralls became wide-
which they work; (b) enforcing strict work-practice spread. In addition, a great deal of attention was
guidelines to minimize the generation of dusts and directed tothe useobanrrercreams toprotectagainst
vapors, and to prevent dermal conat; (c) initiating the dermatitis and syiemic toxicity associated with
apprtesanitatlonpracticesindudingpaymngscrict explosives such as trinitrophenyhmethylnitraminej attention to the waste-explosive contamination of (tetryD and TNT. These creams have subsequently
workers' bodies and clothig and (d) providing the fallen into disfavor; their effiacy is limited and, in-
worers' changing and shower rooms with separate creasingly, the emphasis is on exposure controls.
locker facilities, to segregate their street from their Appropriate respiratory PPE and gloves must be
work clothing. In addition, contaminated clothing used where indicated ;the National instiuteofOcculp-
should be removed immediately and placed in dosed tonal Safety and Health NMO has pub guid-
containers for storage, until It can be laundered or dis- ance on the types needed."' The need for dose comdi-
carded propery. Contarnated skin should bewashed naionbetwnsafyandhealthpemwo iseqmp ed
promptly with soapand water. Furthermorea worker by O6HAs positiom tht themsiratoy equipnm sup-
who handles these toxic compounds should w•sh his piled may itself create safety hazards in eposwes
orherface, hands, and forearms thorougldy with soap manufacturingoperations Forexample somerespira-
and water brefore eating, drinking, smoking, or w!ng tors, espeda4 those with a supplied tby a tank o a
toilet facilities." In keeping with these concepts, the rmpresmrand hse) can ovate sparks and fterefore
following should also be prohibited in the work aea: poe an taccetaWe risk of igniting an aelosion In
storng, preparing, dispemin& or consuming food or this instatne, protecting the worker bfo a halth haz-
beverages; storing or applying cosmetics; storing or ard would coaprrise overall safety from epoo on.

GENERAL MEDICAL CONSIDERATIONS

The greatest challenge facing any physician begin- and nitrocellulose toxcity. Sources of information
ning to work in an industrial environment is to under- tndude Material Safety Data Sheets, militay specifica-
stAnd the hazards faced by employees in that industry. tions, and the model designations of specificammuni-
Military ammunition plants are no exception: each tion items. Often thebest information is avaiable from
type of projcti)e and munition contains a unique the safety officer, industrial hygienist, or plant com-
combination of explosives. A car-4uly elicited occu- mander.
patioal history might rveal, forexamnple, thata worker
is exposed to amatol or composition B. The physician Preplaemeatconulde-ais
must be able to interpret this information in terms of
specific chemical exposures, just as he or she would Prepacemertexaminatiomhavebeenusedbysome
Interpret chemical trade names in the civilian sector. industries as a msure to control costs rather than as
Those who work with composition C4 should be as- a tool for maintaining worker health. As a come-
sessed for RDX (research department explosive, quence, professional organizations including the
hexahydro-1,3,5-trinitro-l,3,5-triazine) toxicity, or AmericanMedalAsociationand theAmericanCol-
given medkia surveillance for RDX; cydotol workers lege of Occupational and Envisrnmental Medicine
should be assessed for both TNT and RDX toxicity; have made mume , well-publiczed comments on
amatol workers should be assessed fo. both TNT and theapproprateethcaluseoftheseexamnatmons. The
ammonium nitrate toxldty; and double-base propel- Americans with Disability Act of 1990" precludes
lint workers should be assessed for both nitroglycerin preemployment examinations from being applied as
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discriminatory tools and requires that ey be used sure- baseline values for screening programs. For
only to assess critical aspects of job performance- example, erythrocyte counts and liver-function tests

Despite this controversy, preplacernent medicalex- may be appropriate for workers who are exposed to
aminatimns remain panrt of the foundation of a medical agents that are capable of inducing anemia or hepato-
surveillance priram for worker- exposed to hazard- toxicity.
ous agent& Medical surveillance should be performed
primarily for the benefit of the individual employee Acute Exposure Decontamination
and hiso; her immediate coworkers and should notbe
used for hiring and firing purposes. The first-aid measures and treatment procedures

Preplacement examinations are done to (a) identify for individuals who have been exposed to explosives
preexisting conditions, (b) identify hypersusceptible and propellants are similar to those for exposure to
individuals, and (c) establish pmeposure baseline other toxi substances. The rescue procedures follow
values. Preplacementexamination•ustidentifypre- those dictated for most einexgenaes, but the rescuers
existingconditionstoensurethewarker'ssafeperfor- should try to prevent additional casualties among
mance of critical job tasks. For ex.mple, blindness would-be rescuers. Themaingoalsofinitialtreatment
would preclude a worker's being assigned as a forklift are to prevent further absorption and enance excre-
operator. Similarly, certain neurobehavioral condi- tion, which may be achieved by first removing the
timsuchasepilepsyandseverepsylcatricdisorders victim from exposure and then removing the coo-
may not be appropriate among explosives workers•1  taminated clothing. Rescuers should thoroughly
In addition, hypersusceptible individuals must be cleanse the skin with soap and copious quantities of
idenUfledb use theyt.ay be at higher risk iordevel- water, paying attention to the hairand nails. Eyewash
oping diseases related to specific occupational expo- fountains should also be placed throughout the work-
sure. For example, inliilduals with glucose-6-phos- place to provide copious irrigation of the eyes in the
phate dehydrogenase (G6PD) deficiency may have a event of a splash. Contaminated clothing should be
hemnolytic crisis when they are exposed to methemo- iher laundered careully ordiscarded. The treatment
globin-inducing agents. ofmild, asymptomaticcasesmay require nothng more

Prej .cement examinations also esWtish preexpo- than removal from exposure and decontamiation.

COMMON MANIFESTATIONS OF EXPOSURE

Commonly, orgapvic nitrates share these maior toxic irritant contact dermatitis, but is involved in the aller-
effect& dernn sern tiza Wtion, ethemoglobinek, iva- gic form. Dermatitidescaused y exposure too•gano-
odilatimaidardnogenesi& Nitrates used in explo- nitrates have nopathognomonicdaracteristicstodis-

rves xe no exception. Each of these effects can occur tinguish them from other kritunt or allergic reactions.
separately or in cortnination however, Mct every or- SinceWodd WarLbothallegicand irritantcontact
gani•etratecausesallfoureffects,atleastacct-dingto dernatitides have been the most common toxic effects
current itforn.ati, The prevalence of each of these sen in explosives wodrers." The agents most.respon-
effects vares withthespedfcchemnical Forexample, sile are tetryL, NI , amatoL, ammonium picrate, pic-
tetryl causes dermn senritiz..tion almost exclusively, tc acid, and merury fulminate. However, the role of
nitroglyerin causes vasodilatlon, and UNTisa muta- other ingredients and exposures must not be over-
gen and probable accinogm Many organic nitrates looked: industrial exposures to solvents, cutting oils,
are potent vasodilators, and a few have found thera- and degreasers all occurin the munitions industryand
peutic uses in clinical dicine, can also induce dermatitis.

Occupationally induced dermatitis (from all occu-
Dermatitis pationalexposur collectively) isconsiderW tobe the

mcstprevalentoccup1tionaldisetsebutitarelycauses
Der•al sensitization refers to the induction of an any mortality. During World W&rI and World WadIL

alergc reaction via cutaneous exposure to a chemical however, moen bityfro tetryl and ThTdmatltides
It manifests as allergic cantact dermatitis. The other wasamaimrcauseof timelostfrom work. Ritunately,
major oc,-upatlonzl dermatitis is irritant contact these effec regolve after the worker has been re-
Stim tis,wh hisanom all creact of" neps moved from exposure, nd they generally do not
to a chemicaL The immune system is not involved in sensitize the Individual to other chemicals
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Methemoglobinemia inducing chemicals. For example, indlviduah with
G6P) deficieny and other hemoglobinopathies are

Methemoglobinemia has been recognized as an ad- uniqueysensitive to the hemolyticeffects ofexposure
versoccupatonale0fectsiwcethel00,whencoal-tar to these agents. Preemployment screening should
derivatives were introduced into the explosives and identifyindividualswithG6PDdeflcieuocandsicde-
dye industries. Many drugs and chemicals exert an celltrait. Aggresssvemedicalsurveiflance of workers
oxidant stress on hemoglobin, which oxidizes the iron at high risk has effectively reduced such exposres
in the heme portion of the molmule from the ferrous to and health effects. Methemoglobin can be masured
the ferric form, thus rendering the hemoglobin mol- directly,but this must occur within just a few hours of
ecule incapable of binding oxygen. The body sponta- sampleckr cll because me4tern~obiixinerythro-
neously produces small amounts of methemoglobir, cytes reduces rapidly to hemogkbim Al! cases of
but enzymatic reducing system within the erythrv- cyanosisa abnormal blood findings should trigger
cyte normally maintain that concentration below 1% of expomue-control action.' 7

the total hmý i Clinical effects of methemoglo- Mild-to-moderatecases ofmethemoglbineiawill
binemia may develop when more than 10% to 15% of recover spontaneously within 2 to 3 days. In more
the total hemoglobin is converted to methemoglobin. severe symptomatic cases, methylene blue (adminis-
The acute signs and symptoms of methemoglobin- tered intravenously as a 1% solution in saline at 1-2
emia indude persistent, slate-gray cyanosis (the most mg/kg over 10 min) is aneffective therapy. Asecond
readlyapparent sign);fatigabilitymalaise;headache; dose may be administered after I hour, if neces-
and reddish-brown discoloration of the peripheral sary.- Although hyperbaroxygen hasbeenadvo-
blood, which does not become bright red when ex- catedasa therapy, otherauthoritieshavenot found it
posed to oxygen. Massive exposure may cause 60% to to be effl-acioutsY
70% of the hemoglobin to convert to methemoglobin,
which can produce collapse, coma, and death. Vasodiation and

Chemicals that induce methemoglobinemia also
tend to cause chronic anemia, which may develop Although organic nitrates as a class cause both
insidiously even in the absence of cyanosis." This dermatologicalandhematologicaleffectsspecificex-
anemia usually occurs when erythrocytes that contain plosives such as nitroglycerin and DNT are vasodila-
methemoglobin hemolyze. tory and mutagenk, respectively. These substance-

As they do with r ny toxic exposures, individuals uniqueeffectsarediscussedintheirspecificchemistzy
have a wide range or sensitivity to methemoglobin- sections, which follow.

THE ALUPHATIC NITRATE ESTERS

The aliphatic nitrate ester class of compounds in- compounds vary, as does the amount of toxicoklocal
dudesmanymemberswithexposivepropts,some data available.
of which are militarily significant (Figure 9-9). With
the exception of nitrocellulose, members of this class Nitrolcerin
are manufactured similarly and are similarly toxic.
The physical properties and uses of the kndividual Nifroglyerinwasthefirstorgnkcnitratetobeused

+ 3HEOý -~ HJ1 + 3 I 0P

H H4

GlyevinNW~yoM (NO)
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Fla$H.Tbahiphatwtratecposfre,togetherwiththeircomuuonnamesCheuiaI AbstradSodetynwrnberssynonymis,
formulxe, and structures The reader can compare the similazties and subtle differences in formlae and sructumea"mi
the compounds in hi's group. Niftoceghalse is a varlable4ength dwuin consisftn of repeated C*H(CMICO) 2 units.

as a xplsAve. Althiough Ascanio Sobreo, an Italian glycerin to gelatinize nitrocellulose, the explosive
chemist, ffst syntlisized nitroglyrcerin in 1847, it was properties ofnitroglycerin could be converted to pro-
not widely appreciated until 1860, when Alfred Nobel pellant uses; as a result, he developed not only the
began to use it as a blasting conipotuW To maire earliestof the smokeless powders butalWothedoubl.
nitroglycerin safer to work with, Nobel began wsing base prvpellants. Until then. aUl propellants had Whto-
solidnateriakto 1- - t iquidnditrlycerin~fromwhidih cellulos alone as their explosive crmpnefntou-now-yedi were fortnd MTewe ame many foumulatloms called sige-base propellant& Doubie-base propelk
for dynamite, usig difkzent liquid or gelatinous ex- lards are hose with nitroglycerin in addition to nitro-
plosve on a matrix ofvaoums solid mnaterials. cellulose.Triplebsepropeluntsha, nitr-andn

In 1888, Nobel deamostrated tha" by using nitro- Included as the third exposive op net MiLS&Ty
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TABLE 9-3 Manfctire md Exoswre Hazerids
MILITARY USES OF SOLID PROPELLANT Nitrog in is-manufaturedbyoneofhreedm sed,

S......cooUm ous-f owps n astheBi Sdimd-
_ _ _ _ _ _ _ _ Meissner, and the Nobe-itrator processs, in which

Sn*Bse Ntroe~ulst owiters glycerin is mbted with concenitrated nitricacid (Figure
tingle Buae NitroSmalhlose arlmst 9-10)W A dosed process is one in which liquid dcemi-

GrrnadeS cab are piped from one dosed contaierto another-
from the beginnin of the process where feedstock is

Double Base Nitroceluse Howitrers intoduced totheend wher finshed product ispacked
econdary) Liquid nitrate ester R mr s aforshippingorstocage Acontinuous-flowprocessis

mortars one in which the reactions occur constantly, not in
Rockets batches. The product is subjected to a series of purify-

wiltTsU ing washes and then transported by gravity flow tounitsstorage Waks. The nitration and purification pro-Triple Base Nitroguaddie Howitr cld 1  remotely via dosed.cmuit televi-
(Ternary) Nitrocelluloe s conducted in small, heavily revetted build-

liquid nitrate ester ing.Theotherliquidalipliaticnlrtsabpeae
Composites Physicalmixbture Rocket by similar methiods usi" other alipliatic polyois in.

of fueL bUnder assemblies stead of glycerin.
and inorganic Jet-propulsioui Liquid nitrgycrn togiether with nitrocellulose,
oxidizer uns and other ingredients, is manufactured hnt doub le

and triple-base propellants by two method' In gen-
eral, the solventax pit is used for propellants that
contain less than 40% nitroglycern, while the so dt-

use of nitroglyceri is almost exclusively in combina ls ocess: is used for compositions that contain more
tion with nitrocellulose as double- and tripl-base than 40% nitroglyceri
propelLuat (Table 9-3). The solvet process begins with the addition of a

The freezing point of nitroglycerin (13'C) caused a solvent such as ether oracetone to water-wet nitrocel-
majorsafety problem with the early dynamtesm' Ex- hilosemadough-ypemixer(Fgure9-IP. Nitroglyc-
plosions were not uncommon when munitions or dy- emn and other ingredients are added and mixed until
namitewereaccidentalyfrozenduringwinter. Nitro- a drycolloid forms. The mixtureis then subjected toa
glycerin in the solid state 2 much less sensitive than in series of presses to wwnove the solvent and complete
the iquid. But while thawin& niftoglycerin is much the colloiding process. The first type of press is a
more senstv to detonation than whili either a Wol hydraulic bing press, which simply squeezes the
or a liquid. Decomposed nitroglycerin is especially lq-id from the nitrocelluoe mbture; next is the
dangerous. Not only is it more sensitive to accidental momm press, which improves the colloiding of the
detoationthan whenpre,buttheformationofnitro- nitrocellulose with the nitrogycerin. Finally, themix-
gen oAds maya a onsftteaseparate toxkity haz- tr-reis extruded through a die, cut to length, and dried
ard? However, because the military ue of nitroglyc- in an oven to form the finished propellanL
eim is limited almost exhisively to the double- and Thesolven sproessbegins with mmnga dury

pe-base pro•oelants, whkh arestablecollod mix- of nitrocellulose and nitroglycerin in a tank of water
tures with lower freezin pcints, the instability of (Figur 9-12). Other ingredients are added, and the
nitroglycerin at its freezing point is not a problem. exces wateris removed bycentriftgation. The result-

Other aliphatic nitrate estes have limited, special- ing paste is dried further, and any remaining ned-
ized uses. In 19(5, ethylene glycol dinitrate (EGDN, et are added. Repeaed rolltng between hted
freezing point -8F) was introduced as an additive to rolers removes the remainder of he water and cora-
kwmr the freezing powd of nitroglycerin, wind ince pletes the bixtuWs. collokdlng The process is co"m-
1920, EGDN has been a major component of most pkltedbyetrudingthedriedeoodtuoughadleand
civilian dynamite formulations?' EGDNhas lttl cur. drying in an ova.
rent military use. Howeer, another of the aliphatir Occupational exposm to nitroglycerin can occur
nitrate esters, propylene gyol dbntrate (GDN, I. during any of thes operations. In the solventless
used as a torpedo pmpea process, dermal exposure is especially significant
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Fi&9 ML In the solven-aed prcs of propelan production, the initia mbdngis conducted inanaichtethersolution,,
which is the removed via the series of presses. Most production plants prepare these ptopellants in batchies, and utiliz
manual labor at each step. Reprinted with permission from Chemical Propulsion Informationt Agency. Gun propellant
process Operations. I& HamT8s ofCkemical ROadts and Prpeflnts. Vol Z. Solid Pro pefkJnfs a InSraednls. LaureL Md. CPIA
1965- 3-15. CPIA Publication 394.

amocgorgller-pressoperators,andcanbedeamostrated. Hnuau Expoe ieand Healt* Effacts
simultaneously collected samples will have higher
concentrations; of nitroglycerin in blood drawn from The effects on human health from exposure to ni-
thecubita hanthef moral vei.Duetothewideqread troglyerin have been observed since its dascvesy.
wseofenerinveoaprs;ismninor Becmuse of ibs vasodilating properties, nitroglycerin
during nitration but ihdalational exposure can be sig. hasbeenainalntatyofantiangi dnalbrpyslnceltwas

nitat orpe topratsaddrying-roinafttedants. introduced to medicine in 1879. Report of the effect
During World War IL nitog~vatrn bddrty caused at thatappeardinnitoglycerlntworkeandtwhelfat-
least 78 reported caes of lost time among propellant Iiesweredescuibed in thebuntureasearlyas 18MOyet
wore several of whiw eun ed trnsfrstodiffewen consemss stil has root been readied on all of the
work sites. Almost ceanWy, other ca eof nitrogly- effcts.-a Contention still surounds. the chronic

whkhbdismdbedow)mnudduringWotd War dah tleieugia td ae oeo

nized, or did not result in time lost fhem work. vaso un feT Ihe *cute effectse
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dramatic that our attention is frequently focused on OChowic Effect. Most workers become tolerant to
the short term, to the neglect of the long. the vasodilatory effects of nitroglyceren within I week

Taxicoki•o dei The toxicoinetics of nitrogcerin aftrheitreoure hasbegunanddevelopcompmsa-
have been studied and reviewed intensively. Ni- tory vasoconstriction. This effect has also been de-
troglycerin is readily absorbed through intact skin, as scribed in patients who receive therapeutic nitroglyc-
well as ýia the respiratory and gaztrointestinal tracs. erin.Y The tolerancepersists forapproximately I week
Vascular-tissue uptake and local metabolism are ex- after the worker is removed from the exposure.
tensive, thus explaining the rapid systemic clearance Workers who havebecome tolerant tothe vasodila-
of nitroglycerin. Once nitroglycerin is absorbed, it is tory effects of nitroglycerin may experience a with-
rapidly metabolized by hydrolysis and glutathione- drawal syndrome if their exposure is termnated
dependent organic nitrate ester reductase. abruptly. This withdrawal may precipitate'angina

Becauseoftheirrapidhydr4ses,niroglycermand pectris, myocardia infrction, and sudden death.
theotheraliphaticnitrateshaveshorterbiologicalhalf- The condition has been called Monday morning an-
lives than other classes of explosive&' The varia- gina because the symptoms appear after a 48- to 72-
tions among individuals in thewrsendivty, plasma hour absence from work. Anecdotal reports of these
levels, time of onset of symptoms, and duration of effects have appeared since the early 1900s, but the
effects am extremely wide. Metabolites may alter the first medical case series was repoted in 1952,
toxookneticsof the parent compound during chronc Theen ism assocated withangpaandsudden
dosing. death appears to be a series of events starting with

A•te Effmts. Acute or intermittent exposure to habituation to the hypotensive effect of chronic i-
nitroglyerin may cause a constellation of symptoms trate exposure When removed from exposur, the
insensitiveindividuals. Vasodilator'effec canoccur empoyee developsreboundhypetnm whichmay
with inhalationofairborneconcentratioaslowasO.1 be followed by coronary insuffiency." Coronary
mg/m 3. Most of these symptoms are due to direct insucency is, therefore, a secondary effect due to
vasodilation of the meningeal, cutaneous, and sys- rebound coronary a stricd makingtheheart
temic blood vessels. Symptoms due to vasodilatior lessabletocompensatefo-rtheadditioastraincaused
include headache, dizziness, nausea, palpitations, bysystemichypertension. Studiesdonewithanlmals
hypoten4on. flushing, and abdominal pam. Other havesownthatnstroglycmrinoerA ctsubeome
effects of acute exposre appear to be mediated by more sensitive to vasoconstr-to after they are with-
other medhanim and include methemoglbinema drawn from nimtoge Some have shown electro-
reflex tachyvardia, and increased respiratory rate. cardiographic ST segment changes and ventricular
HypIethyroidism has been repo-ted to potentiate the arrhythmias suggestive of conary artery spasm.?
acute toxicity of the organic nitratesY Evidence is accumulating that withdrawal from nitro-

Inhalation exposure at levels as low as 14 mg/rn glycerin increases the senitivity of alpha I adreneri
have led to more severe effects such as electrocardio- receptors in the coronary arteries to endogenous and
gram (ECG) changes, chest pain, and palpitation. exogenous vasoconstctwe sgents.m
Massive acute exposure may cause cyanosis, coma, The chronic cardiac effects of nitroglycerin with-
and death. drawal appear to be latent for 6 to 10 years before the

Other acute effects have been described, but they onset ofsymptoms.ý SeieralstudiesofSwedishdyna-
are less well documented. Central nervous system miteworkershavedemostratedexcessmortaityfrm
(CNS)symptomssuchasconfnionandhallducinations cardiovascular and celebrovascular diseem This ex-
and psychotic episodes such as homicidal violence cess mortality was only signifiant for workers with
havebeen repot in pates afterthey have handled long-term employment and had a latencyof2O yearsF
nitroglycerin, Peripheral nervous system effect suh A more recent, retrospecteve cohort-mortality study
as paresthesias have also been reported. of wokers at a US. Army amnmition plant showed

Ingestionofnitroglycerinisnotanindustrialprob- an excess of mortality from ischemic heart disease
lem. It could theoretically occur via contamination of among workers younger than 35 years ofage? Patho-
food or smoking materials in the workplace, but this logical examinations of ritroglycerin workers who
has neerposed a practical problemiinanufacturing have experienced cardiac events have failed to reveal
settina Of course, the use of sublingual nitrates is a coronary army disease, strengthening the condusion
common form of therapy for coronary artery disease, that rebound vasospasm is rtespomsblee'
taking advantage of the transdermal and tranunuco- A 1965 review ofearlier case reqo revealed com-
sal absorption and the vasodlatory effect of some plaints of digestive troubles, tremors• reuralgia, and,
nitrates. in rare cases, slin sensitization among nitgbly,--An
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workers.V Decreased alcohol tolerance is common trol measure. When workers leave the plant with any
and may be caused by nitroglycerin's interference illness, a medical examination on help determine if
with liver alcohol dehydrogenase. Simultaneous ex- that illness is due to an acute overexposure to nitro-
posure to ethanol and nitroglycerin can cause manic glycerin (or any other toxic agent). Byearly detection
behavior.m of a sentinel event, the plant management can inter-

Numerous other chronic effects of nitroglycerin veneat the worksite and thus protect other workers in
exposure have been reported, but are poorly docu- thearea,asweilastheill individual onhisorherretum
mented. Research hasbeenconductedonotherchronic to work. An examination is necessary whenever a
effects in mammals, but the results have not been nitroglycerin worker returns from an illness to assure
substantiated in humans. Chronic oral administration that the worker's health status has not changed in such
of nitroglycerin in rats has produced cancer of the awaythatheorshewillbeplacedatrisk. Specifically,
liver. Other research with mammals has indicated the the occupational physician should look for changes in
possibility of male reproductive, fetotoxic, and terato- cardiovascular status, such as a recent myocardial
genic effects.e It was previously believed that nitro- infarction or new-onset hypertension.
glycerin could increase intraocular pressueand precii A biological marker of exposure would be a useful
tateglaucomna,but (uherevidence hs d this.s aid to the occupational health physician (as is true for

anychemical exposure). Blood methemoglobin levels
Medical Smeillame increase after high exposures, but these are not suffi-

ciently sensitive to monitor exposure to nitroglyc-
Early identification of cardioascular disease is the erin.y" Nitroglycerin can be detected in blood, but,

primary goal of medical surveillance of nitroglycerin because cubital venous blood samples reflect almost
workers. A preplacement examination must be ad-
ministered to all new employees, and should consist of
both medical and occupational histories, a physical TABLE 94
examination, and indicated laboratory tests (Table 9- pRpACEME EXAMINATION FOR
4). Whert their employment begins, nitroglycerin NTRC)GLYCERjN WORKERS*
workers slhould maintain a daily record of their pulse
rates. Periodic examinations should be conducted
semiannually, with thesame focus as the e t Cprepla EWAme
examination. During the periodic examnaion, aw Medical History Alcohol use
physician should be aware that headaches that occur Tobac use
during workshifts can indicate skin absorption of ni- Tobacous
troglycerin, even if air concentrations of nitroglycerin Qrd asystem
are below the PEL Examinations with similar content Dermatitis
are necessary when exposure to nitroglycerin has been Anemia
terminated, although surveillance should perhaps ex- NerobehaviorAl disorders
tend beyond employment, due to the latency of the Medications
withdrawal effects., Rep uctive system

In addition to performing the medical surveillance ()ccupationaw History Prior respiator use
examinations, the plant should follow this procedure Prior nitrate exposure
to safeguard the health of its workers: Weekend/vacation chest pain

Physica Eumaon Cardiova&ý yserm
"* First, the plant physician should alert the Skin

worker's private physician to the effects of Nervous system
expostre to and withdrawal from nitroglycerin. Mental status

", Second, workers who leave the plant due to Blood pre~ire
any kind of illness should be cleared through Tests
the medical department. Resting ECG

"* And third, workers should also be examined Upid profi•e
before theyreturn toworkafter lengthy absences. Urinlwysis

This p•ocedure, common in all types of industries, ", vawa is ho wphos bo wor•exposed to oider
is a management tool used as an administrative con- lIpUh aIunlr oite s

326



Mduatay Energt'ic Mdaterials: Expoitv and Propellanis

exclusively the locally absorbed compound from the apparel, and, as a result, possibly poisoning their
distal part of the arm, they are unreliable indicators of familymnembers. Ataminimummanufacturingplants
systemic exposureY"a should provide change-house facilities that contain an

adequatenumberof coveralls, and showerfacilities for
Pdma Prevention employees to use at the end of their shifts. Indicator

soaps are available; they turn red in the presence of
The most efficacious method to control occupa- residual nitroglycerin not removed from the skin. So-

tional nitroglycenn toxicity is to prevent exposure dium sulfite in the soap reacts with nitrate groups in
using engineering controls and hygienic work prac- nitroglycerin to form sodium sulfonate. 0 (A similar
tices. This is especially true because adverse effects reactien also occurs with asymmetrical TNT isomers
occur at exposure levels below the odor and eye- and tetryL)
irritation thresholds that could warn workers of po- The treatment for nitroglycerin poisoning consists
tentially hazardous environments.' of removing the patient from the source of exposure,

Several types of engineering controls have proven thoroughlydeansingtheslinand mucous membranes
tobeeffeciveinredtui halaioaeos xindud- of nitrglyceincontamination andprovidingcardio-
ing automation, dosed-circuit televisio and ample vascular support Washing the skin with aqueous
work-area ventilation. Volatilization of the aliphatit. sodium thiosulfate will assist in neutralizing any ni-
nitrates can be minimized by processing at the lowest troglycerin that remains. The use of oral nitrates and
practiabletemperatures. Operationsthatrequireheat- calcium channme-blocking agents has been somewhat
ing should be controlled remotely. Maintainitg a efficaciomsinthetretmentofnogly withdrawaL
water seal over liquid nitroglycerin will prevent its Both help in nitroglycerin withdrawal (but not in
evaporation and reduce its concentration in air. toxidtyassuch)byredudngreflexvasospasmttheoral

When necessary, PPE should be worn to prevent nitrates work by drug replacement (analogous to us-
dermal contact and to reduce airborne levels to an ingnicotinegumintobaccocessationormethadonein
acceptable range. Particular attention must be de- heroin withdrawal, to overcome the physiological ef-
votedtothetypeofglovesworn. Polyethylenegloves fects of withdrawal); the calcium channel blockers
may be the best choice, because nitroglycerin easily work by a different pharmacological mechanism to
penetrates neoprene, leathr, and rubber. Cotton or induce vasodilation.
canvas gloves, feqently changed,arealso prefera
to rubbergloves. A hceshielddor splash-proof safety Ethylene Glycol Dintrate
goggles may also be necessary to protect the eyes. An
organic vapor respirator may also be required to pre- W--•2

vent headache, especially at concentrations higherthan 0.02 ppm.u SzO~
"llwe c• oofa spiratorsc~oes• la t p•eset

becmuse (a) the effcy of half-mask, air-purifying Ethyleneglycoldinitrate(EGDN)istrequentlyused
respirators is unproven and (b) the respirators sup- together with nitroglycerin in civilian formulations,
plied to be used during erplosives manufacture have but is rarely encountered in military propellants.
potential safety hazards.' To date, the only respire- Due to its higher vapor pressure, EGDN vapors
tots that have been demonstrated to provide a suffi- predominate at all concentrations when present with
ciently high protection factor are the full-face, sup- nitroglycern. Liquid EGDN appears to be absorbed
plied-airrespirators. However, eventheseareyettobe transdermally more rapidly than nitroglycerm and
proven safe in the potentially explosive atmospheres EGDN vapors penetrate intact skin. Surgical gloves,
that may exist in nitroglycerin manufacturing opera- used to protect the skin, absorb more of the vapor, but
tions. Therefore, the only way to assum that workers are less permeable to liquid EGDN through direct
are protected is to lower the airborne level through contact than are cottot gloves&'
engineering controls. However, this is not feasible in The symptoms and effects of eqpsr to EGDN, as
all cases. Both the government and industry are ag- wellas thenmedical surveillanceand treatment, are the
gressively pursuing a resolution to this poble, to sameasthosefirnithoglycerm. EGDNcanbemeasured
comply with the lower OSHA PEL for nitroglycerin in blood and urine, but its comentration in urine is a
that was promulgated in 1909.' more reliable indicator of exposure than blood levels.

Careful attention to personal hygiene i necessary The clinical use of urinary EGDN levels to confim
to prevent worke from contaminating their street exposure, however, ha-- r rt yet been documented.'
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Propylene Glycol Dinitrate OttO
IH C2

M2C-c-CH3  12 1
I I o2 o--C-C-C-OotdOoN~o"o~o I

Propylene glycol dinitrate (PGDN is the principalI
component (75% by volune) of Otto Fuel I, a torpedo ON02
propellant that was introduced in 1966; therefore ex-
posure to PGDN can potentially occur during torpedo manufactured from formaldehyde and acetaldehyde.
maintenance. This liquid has significant vapor pres- PETN is used as a pentolite mixtum with TNT in the
sure under ambient conditions, and is quite soluble in ianu•adureofs A-ca proiectiks,grenadeW and
lipids. lnthenavyduringWrpedodefuelin refueling, booster charges and Is also used alonein the cuamf-
repair, and maintenance, torpedo man's mates have tureofdetonatingfuzesanddetonators. Additionaly,
been exposed to PGDN through derma contact and POTN has been used therapeutically for its vmdila-
inhalationL Abborme exposures of up to 022 ppm of toryeffect Its trade name is Perifrate, manufactured
PGDN can occur during defueling and refueling, by Parke-Davis.

Acute exposure can have several effects simlar to Under ordinary circumstanoa, PETN has very low
those caused by expomre to nitroglyceri, many of potential for expomre. It is nearly insoluble in water,
which are due to vasodilati. These effects include and is usually handled wateiwet. PEITN is absorbed
headaches, nasal conWst, di=ness,impairment of slowly from the gasrointestinal tct, s, and lungs.
nxm coordintion aad a ,eyeirritan n d p- Compared to nitO PrN is significantly less
dion of visual evoked responses, and altered oculomo- toxic and more stable.
or function. Theacute effects of epos to PETN are similar to

In humans, PGDN affects the cardiovascular sys- thoe of nitrol Hypotenson and increased
tem and the CNS. At concentrations higher than 0.2 respiratory rate may both occur, but toa lesser degre
ppm, acute exposure to PGDN produces headaches thanisobservedwithnltroglycerhL Incomrasttontno-
and CNS dep sion without evidence of biochemica glyocrn, little relex tadycardia isobserved wit, PEM?4.
hematologicaL or spirometric changes' Whether Dyspeand convulsionhavealsobeenrep ted
PGDN can cause signifiant cardowascular effects m- Data on the human effects of chroic vpmure to
mains controversial. Exposure to PGDN at levels PNl arealmost completely lacking. Chronictoxvity
twice the TLV did not cause cardiovascular or neuro- of PETN was studied in rats during the early 1940s.
logical effects in torpedo mainhance workers in one Although hemosiderin was found in the speensofthe
study:* Another cuhoit of torpedo man's mates who PON-treated rats, no pathological changes were b-
were potentially exposed to PGDN at levels up to0.2 served in thirvascularsystems Thecontinuedfeed-
ppm showed an ed risk foryom infahctiom ing ofPEON in doses of2 mg/kg daily overa periodof
and angina pectors The US.k' Navy is evaluafing I year did not produce signficant e in the raW"
Otto Fuel 1 for teratogenicity, which is a suspected The medical surveiance for and treament of expo-
consequence of maternal methenoglobinemia and stetoIETNshouldbethesamasthatfkenoglycr
related blood dyscrasias.

High doses of PGDN in animals have led to WNtrocellulme
hypotension, mederoglobin formutim and hmnosi-
deindepositsin theliveand kidneys, indicating that
eryftcyt, theler, and thekkidneysamraob trget.scforp M No..N.L4

PGDN expSureare thesameas ta Xofornitrglycr Nitrocdlulose is a nonvolatile, fibrowm white solid
exp0osure consisting of chaits of glhucosie units in which the

hydroxyl groups have reacted to form nitrate estem
P t h le, aT a Themolecularweightdependsonthedchainengthand

thedegree p*mertion, whichin turn depen on
Pentaesythritol tetranitrate (PETN) is prepared ei- the sour ofthecellulose. Many sources of cellulose

ther in batches or by continuously nitrating may be used, ncluding paper rolls, cotton linters,
pentaerythritol (teiramethyloliethane), which is wood pulp, and wase cotton
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Manufacfre "d Erposure Hajurds does not appear to be absorbed by any route. The only
effects of ingestion are due to the bulk of fiber, which

Nitrocellulose was first produced in 1838, but prac- mayccude the intestinal lumen, and are no different
tical difficulties in manufacturing and using the mate- than t. fects of nonnitrated cellulose. N;,rocellulose is
ral were not overcome until 1865. Since that time, not irritatingto the skin, andnomutagenicactivity has
it has become the basic component of single-base been detected."
solid propellants. Nitrocellulose is the principal in- Other exposures during the manufacture of nitro-
gredient in gun and mortar propellants, smokeless cellulose are of greater significance to workers. These
powder, and ball powder. The military's produc- include exposures to acids and acid vapors during the
tion of nitrocellulose is second only to its production initial nitration process, which may lead to dental
of TNT Nitrocellulose is also a component of corn- erosions and chemical burns. Uncontrolled exposure
bustible cartridge cases, and in the civilian sector is to raw cotton dust from thelinters before nitration can
used in manufacturing blasting fuzes and mining causebyssinosiswhichisalsoknownascotton-millor
chaRges, mill fever. It is a usually allergic, occupational, respi-

In explosive applications, nitrocellulose requires a ratory diseaseof cotton, flax, and hemp workersand is
higher degree of nitration than that produced for its characterized by symnptoms--especially wheezing-
nonexplosiveusessuchasLacquermedicalcollodion that are nmst severe at the beginning of each work
ink bases, or filter membranes. Military-grade nitro- week (because the lack of exposure over the weekend
cellulose is produced at various US. Army ammunt- allows large quantities of the mediators of allergy,
tion plants in a process wherein cellulose is nitrated such as histamine, to accumulate).
with concentrated itric and sulfuric acids. The only The potential hazards encountered during the
significant byproducts of manufacture are the spent manufacturing process necessitate thatprecautionsbe
acids, which are concentrated and then reused. taken. Adequate ventilation during both preparation

of the linters and nitration is essential It is recoin-
Human Expowe and Health Effects mended that PPE be worn by employees who work

near the acids.
Insoluble in water and resistant tobiological degra- No medical surveillance for exposure to nitrocellu-

dation, nitrocellulose per se hasa very low potential as lose is necessary, and treatment for thesequelae ofacid
a hazard to human health. As an insoluble polymer, contact is not unique. No exposure limits have been
nitrocellulose is not absorbed in the gut, and in fact establih for nitrocellulose.

THE NITROAROMATICS

The nitroaromatics werethesecond classof organic Not the first to be synthesized but now the best
nitrates tobecomeimportant as explosimve compounds, known of the aromatic nitrate explosives, 24A-trini-
and they continue to be represented prominently in trotoiueneCl wasfirstpreparedinGemanyinl863.
the world's arsenals (Figure 9-13). These chemicalsare Although it was not manmfactured industrily until
well absorbed by all routes and tend to rapidly pen- 1891, TNT rapidly became the premier high explo-
etrate the dermis. The major effects of these chemicals sive~' Major military powers adopted TNT as their
include mehed ooinemia, cancers of the urinary major high explosive in 1901, when it replaced picric
tract, anemia, and skin sensitization. 3  acid. The first significant military use of TNT was

during the Russo-Japanese War of 1905.
TlflntrUIoluene Many factors, induding fts low cost, safety in han-

dlnoompabili with otherexlosveslowwltiw g
poift modetatetodcity•, low senitivity, have mde
ThTthe mostwiddy ued mftrexplos veofthe2fth
century. Before 1940, its manufactume was limited by
theavailabbityoftohue (then abyproductofihecoke
industry; see Chapter 1, Occupational Health in theus.Arwy). ,dvaneiperltn unm eri ayurin
Worid War 11 pemittted the synthesis of Urge quanti-

•€h ties of inexpensiv toluen, which greatly enhaviced

"TNT production capacity in the United States.
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TNT can be found in virtually all military applica- levels occurred during screening operations (passing
tions and is frequently mixed with aluminum and TNT flakes through a sieve), where concentrations up
other high explosives to form binary or ternary explo- to 75 mg/m 3 were measured in breathing zones.
sives. Its easy availability during World War II made Workers canalsobe exposed toTNT fumesand vapors
TNT a perfect suspension agent for more-powerful during demilitarization (removing TNT from shells),
explosives such as PEIN and RDX, and made melt- when munitions may be steam cleaned to melt and
loading methods feasible?' In !973, at the end of our remove the high-explosive charge.
mobilition forthe Vietnam War, anestimated 200,000 Humans can also be exposed to TNT that has con-
tons of TNT were produced in the United States.O By taminated the environment. Significant amounts of
1986, however, domestic production had been cur- TNT and its manufacturing byproducts have been
tailed due to the increasing pressure that had devel- released into the environment as huge volumes of
oped regarding the chemical's contamination of the liquid wastes from factories and LAP plants. These
environmenL Civilian application, less common than liquid wastes (the red or pimk water) contain TNT iso-
military, still include using TNT in commercial explo- mers, DNT isomers, and mononitrotoluenes. Due to
sives and propellants, and as an intermediate in the the difficulty and expense of disposing of this waste,
production of dyes and photographic chemicals. the United States currently relies on imported and

stockpiled TNT. Two options may be for paper mills
Maxufadvne and ExWsure Hazard to use the red water as a process chemical in the

manukcture of kraft products, or to concentrate and
TNT was formerly prepared by batch nitration of incinerate the effluent to yield crude sodium sulfateH"

toluene,butcurrent manufacturing methods arebased
on continuous stepwise nitration of toluene, with a Human Exposure and Health Effccts
mixture of concentrated nitric and sulfuric adds flow-
,S countercurrent to the toluene (Figure 9-14). Soda TNrs toxicty to humans hasbeen recognized ferat
ash tanhydrous sodium carbonate) and sodium sulfite least 75 yeam. Most of our knowledge results direcdly
.w- used in the washing and crystallization processes from work performed during the two world wars. In
opurifythecrudeTNTsolution. ThepuuifiedTNTis the United States from 1914 to 1918, approximately

-.zn dried in a steam-jacketed pan before being flaked 24,000 people were poisoned with TNT, fatally in 580
and packed. Occupational exposure to adds, toluene, instances. Similarexperencesweredescribed in other
and impure TNT are minimal during the continuous- combatant nations. In Great Britain from 1916 through
manufacture process, in contrast to the older batch 1941, 475 cases of TNT poisoning were reported, of
processes" which 125 were fatal' In the United States during

The most significant risk ofexposure to TNT occurs World WarII, TNT poisoning wasa factorat manufac-
during shell-loading operations. Exposure can occur turing and loading plants and arsenals, although the
during several of the steps, most of which involve the case rates at arsenals and manufacturing plants were
melt-loading process, In this process, dry flakes of less than one-halt that at loading plants. Of the 21
TNTarepouredintoa steam-heated meltingkettleand deaths that occurred, 18 were at loading plants, 2 at
heated to approximately 100°C. Other high-melting, arsenals, and I at a TNT-manufacturing facility."
nonmetallicadditivessuchas RDX ornitrostilbeneare Progressively more people were exposed to more
added at this point (usually water-wet to control their chemical as the war continued, yet the morbidity was
flammability). Continued heating drives off the water, much lower. Case rates for all locations fell dramati-
and flaked aluminum maybe added at this point. The cally despite the marked increase in TNT production,
mixture is then cooled until the established pouring thus demonstrating the effectiveness of occupational
consistency is reached. After the mixture is poured, health interventions.
the loaded shells are cooled under controlled condi- Researchersaanalyzed the21l NTfatalitiesofWorld
tionsbefore the rss (funnellike devices thatare fitted War II, together with another late death of a former
into the nose of each shell to facilitate filling the loads TNTwoker. Ofthis series,8 died oftoxic hepatitisand
to the top) are removed and further processing occurs. 13 of aplastic anemia. The late death occurred in a
Exposure to TNT dust, fume, and vapor can occur worker who apparently had recovered from hepatitis
during any of these operations. but later succumbed to aplastic anemia. Only one-

Exposure to TNT can also occur during numerous third of these fataO."es had been oxpsd to average
cinrumstinces other than shell loading (Table 9-5). airborne concentrations higher than the nm imum
During World War I, some of the highest TNT dust allowable concentration of 1.5 mg/m3 that prevailed
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TABLE 9-S

HEALTH HAZARDS OF EXPLOSIVE OPERATIONS

Opertion Natre o E~mt Dgnm(E~ovre Recomuend Combl Mnemare

Screeniing TNT dust severe Enclosed olerations local exhaus
ventilation

melting TNT dust, fune, and vapor Sight LoAl2 exhaust ventilation

Draw off TNT fume and vapor Moderate Local exhaust and soon ventilation

ImTcooling IM~ futne and vapor Slight to severe Automated operatioem local exhaust
MWJ room ventilation

Pouring TNT dust, fumne, and vapor Sli&h to moderate Room vertiation carefl work Wratices,
Worke rwtation

Bomb fining TNT fume and vapo Slighttosevere Local exhaust and main ventilathn, careful
work p-aci

Bomb puddling, 7M dust, fime~, and vapor Slight to severe Room ventflation. arul work practices,
nose, and tail worker rotation

AddingTNfT 7NT dust. fumne, and vapor Moderale to severe Roomn ventilation, careful work practioes,
soap glveworker rotation

Booster cavity TNT dust Sght to severe EMmhiato.~ of deep drilliqg, local vihaust
drilling ventilation

Rime knockoff TNTdust sfight to moderate Well-des~igned risers local exhaust
ventilation, careM work pr mie

Riser breakout TNT dust Moderate to Severe Enclosed operations local exhaust
Ventilation

TNT so~p TNT dust Moderate to severe Eniclosed operatos local exhaust
breakup ventilation

Raking and 7W fumne and dust sight to moderate Enlsdopeationsrocm exa"
graining ventilationk

Box fiin 7NTdust Slight olsevele Enclosedl op erWatns local exhaust
ventilation

Soura(l)DixkCZWIlsSL-AMwmHh"xsofe&*daEqbsiaavsm. DX1. Aberdeen Pov nGromAd.M& USAEHA.197&
Occup=Stioa~uy324O975/766 CUl randt AD. Engineeringcontr ofair cofamWialm of tbe woekn e~wkomuemL heG&UarWK

then,4 which reflects the conributiof . dermal ab. sensitive subgroup of indviuals is at risk for this
sorption. Workers who died of toxic hepatitis were effect.
yowtgethun those who died ofapbsticanemla (thefr Another World War fl-era stuy evaluatedote
mnedban ages were 35 and 45 years, respectively), In effecs ofTNT Intoxication in 2 maeWad103kvfeal
both conditions the median period of exposaiP was wod rsnabotmn-dshellomdivgadhity Nemses
quite short 63 days for hepatitis, and 216 dab. for of severe TNT itxction wore seem however, ad-
anemida. versedefect of ThJTexosur were foiund in 32 work-

Othe cohoct studies. of TNT workers have shown ers 030 of whom were males), of whom 21 ha deihe
that vutrtuly al&cse of toxic hepatitis have occur- gastithorhepmtiftls4hadasbemlaWnd3had syskemi
red wltlut the first ~3 onvnth of exosurem while manifestations of intoictin
cross-sectna studies have noot show significan orMmts TNT is readily absorbe by a&l
sign of hep cicmicity.Y This may Indiciate that a routes ofexposume Approximatey6O%to7l)%oforsI
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doses are absowbed inhaled TNT appears to be not has been noted as an early effect,' but this is followed
onlyabsorbed faster than oral doses but it also reaches by marrow hypoplasia and the compensation effect is
highocentratonsintheblood. Dermalabsorption lost.
is les eff•cient but its signifcance must not be under- Hemolysis in TN toxcity occurs as a result of
estimated. TNTdissolvedinwaterisparticularlywell methemoglobinemia. This is a dose-related effect
absorbed through the dermis. As might be expected, with low.grade anemia and compensatory retlcu-
this effectisgreaterin hot weatherdueto the combe locytosis noted at airborne TNT concentrations lower
effects of greater skin exposure and the dissolution of than 0.5mg/r 3.Exporesof02to0.5mg/m 3appear
"TNT dust in sweat. Workers coincident veposure to to have minimal and well-compensated effects on
hygroscopic chemicals such as ammonium nitrate eryibrocyte Poikilocyto•s may occur, as well as
further pnrmoe dermal absorption by keeping the hepatic and splenic congestion related to hemolysis.
amin moist' • ,ly measuing only airborne Earlysgsandsymptomoffatalanem-evmthe
levels may significantly underestimate the wokes absence of G6PD deficiency-indude weakness,
ttlsyseteda- aow anoeisbcdelevaed u-

TNT is mietabolized primarily by a two-se pro- bin, decreased hemoglobi, and decreased leukocyte
ces: the reduction of the nitro group and its conjug counts Survival in the cse eport of fatal anemia
tion to glucuronide. Some enterohepatic recycling varied from 6 to 185 days, but the median was only 40
occum but urary clearance of the glucuronides oc- days.' HWmolytic crisis has been seP- in G6F)D defl-
0213 fairly rapidly, preenting blacmlto.The diency within the first few days after exposure.
urine of humasm who have been extposed to (and of Other hematological effects include both leukocy-
,msteap m aanimalsthathavebeengive)TNT tosis and leukopenia. Transitmy leukocytois and
becomes discolor with a red netabolite. moderate canophilia have been described at air-

Dermatitis and systemic effects do not correlate borne levels lower than 2.5 mg/r 3. Leukopenla de-
weVlY Hematological efects appear to occurat lower velops late, well after the hemoglobin level and eryth-
doses than hepatic eUfects, but susceptible individual zeytecourtfalincxmasttootherchecaUlyinduled
will develop hepatotoxicity sooner after initiation of aplastic anema. Exposure to TNT causes the mono-
exposure, cyte count - increase, regardless of the presence of

AeateEfjfi a. Acute epsu airbe•or TNT can symptoms, and neither the exten of dermal contact
camue rtati ofthe upperepiraty tractand sin nor the length of bnhlatioa exposure influences the
symptos include sneezing coughing rhinitis, and intensity of the henatoWogC respone."
erythematousdematitis. Theonsetof acute systemic TNT poisoning can induce both massive hepatic
todcityufreqendlyhwaldebygabuhmtroneiasymp- necrosis andcirrhosis. As withimosthepatotoxicagents,
terns such as nausea, anoeia, and eftastric pain. theheptismanifestswwthicremesintheconcenta-
Systemic symptoms may progi to include head- tions of serum transaminases and lactate dedroge-
ache fatigue, malaise, palpitations loss of meuy, nase (LDH). Researchers found no livm function
and cyanabornbtksatatdme-welhted average C'IWA) lower

cknmk•ct. Themostsenouschrocmanifes- than 0.5 g/M3, but they fond elevated aspattate
tat•ons of TNT toxicity are (a) anemia and other a s--(aAST)andLDHataiboneconcen-
hematological changes and (1) hepatitis the chronic osi0moLmg/m 3,whidesistdeven&t06mg/
eUfec may also inche W()dermatitis, W ocular ef- n.U" Early symptoms of I' -induced hepatitis in-
fects, (e) neurvoloic effects, and (P cancer. dude nausme, vomfting malaise, and hepatic tender-

HematologicaleffectsresultfromtheactimofllT ne. Jaundice, although a late symptom of TNT
on both the bone marrow and mature erythrocytes. hepatitis, develops rapilly as the liver atrophies and
Although virtually every cell Uwit in the marrow is has a poor pmgnosis In a study of TU-induced
affected, the amst significant hematologi effects P fatalities from World War I, the average
occur in the eythrocytic eries, and may result in elapsed time from the first definite sym mto death
anemia with both aplasticand henoycompwents. was 34 days, with a rnge of 12 to 53 days*
TNT depresm ayl and induces apkastc Dermaiitis is the most common chrmoic effect of
anemia by suppresng two enzymes that catalyze exposuretoTNT. Yellow-orangestaingoftheskin,
heniesynrhesis: &amnoevulinlc acid synts (AIA hair, and nails is a common sin and irritant contact
synthase; see Chapt 12, Led) and bhne synthase. dermtitis mayccur. Deratis requires at least 5
This suppression ha been demonstfted even in the days of exposure to anevel ad mos patients be-
clinical abm ofanemic Some compensatio with comeM tlerMnt to Mimad lesions with
ietIculocytsh my o=, and marrow hyperplaslI deep vesices ame characteristic. Allergic ctact de-
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matitis with classic eczemnatous lesions has been re- Numerous other manifestations that have been at-
ported, and may rarely appear as an erythema- tributed to exposure to TNT include myalgia, cardiac
multiforme-like eruption. The sensitization dennati- dysrhythmianephritis,increasedva•surperneabill
tis usually affects the upper limb, but the skin at ity, cardiotoxicity, pancreatic exocrine abnormalities,
friction points such as the collar line, belt line, and increased capillary fragility, menstrual disorders, and
ankles may also be involved." Workers exposed to testicular atrophy and hyperplasia.
high levels of TNT dust are especially at risk for
dermatitis, although it may occur in workers through- Primy Prevutio eand Medical SumtilAnce
out the manufacturing process.

Accociling to several studies performed in eastern Historically, control of exposure to TNT has been
Eumope,e sureto'rNThas also been associated with accomplished through the general safety and hygiene
cataracts, but at undefined levels of exposur TNT measures discussed earlier in this chapter, yet addi-
workers in Fbiland have developed equatorial cab- tional, specific measures are necessary. The Hazard
racts at concentrations of aiborne TNT of 0.14 to 0.5 Communication Progam, forexample, should instruct
mgn/m 3. These characteristic cataracts ate inmldous workers about the need for strict personal and shop
in their development and are present only at the hygiene, andaboutthehazardsofthepariularopera-
lens periphery; consequently, they do not affect tionsthatareconductedinthatplant. Inadditionsoap
vision. They may not be noted on a routine ophthal- that contains 5% to 10% potassium sulfite will not only
mological examination, although they are easily ob- helprew"TNTdustfomesinsudsthattumred
served when the affected eyes are dilated and wll also indicate any remainng contamination. Fur-
examined with a slitlamp ' Most affected sulnecft in ther-more, respiratory protective equipment should
the eastern-European studies had normal liver-func- beselectedaccodingto NKOSHguidanc and should
tion tests. These sub et' duration of exposure toTNT be worn during operations that releasedust, vapor, or
was 12 to 17.0 years, with a mean of nearly 7 yeams. fumes.
Older worker were more commonlyaffected, and the Before World War 11, research suggested that im-
lens changes appear to be irreversible. Cataract for- proving the nutritional status of TNT workers might
mation may result from direct action of TNT on the help improve their resistance to toxic effects. How-
lens via lipid peroxication and production ofsuperox- ever, ina World War U-era cohort study, multivitamin
ideraions.' capsules were not shown to be efficacious in prevert-

Research into whether neurokgical signs develop ng TNT toxicity."
from TNT exposure has yielded controversial results. Because TNT interacts with certain medications-
European acounts of TNT exposu report neuras- including those that cause intrahepatic cholestasis,
theniaandpolyeriti.' WhilesomeaccountsofTNT hepatocellularnecrosisandbonemamn wdepressoet-
exposure in the United States support these condi- patients taking medications such as isoniazid,
tions, at least one investigator has concluded that halothane, phenylbutazone, phenytoin, and metho-
"symptoms ofpfh neurt among wo ser were trexate, and whose exposures to TNT cannot be pre-
not solely due to TNT exure. This study found duded, shoulbedoelyfoiowedbytheoccupational
that, when present, symptoms were limited to mild physician.
sensory disturbances, with no objective evidence of TheU.S.Amrycurrenlyrecomt mendspreplIaom
the disease. and periodic (semiannual) examinations of TNT

lm has been implicated in carcinoenesis in stud- workers. The recommended content of the preplace-
ies done with laboratory animals, but this has not been ment examination is found in Table 9-6 The occupa-
noted in human epideologicA studies. The results bonal physician should determine on a case-by-cam
of feeding studies pefonned on rodents have shown basis which of the elements in Table 9-6 to use in
increased incidence of bladder papilloma and carc- periodic surveilance. However, to identify workers
noma, and statsticallybudgnificantincreasesinleut, with higher-than-normal sensitivity to TNT toxicity,
miaandlymphoina. TNTmightbegenotoxic, asit we recommend specifically that workers undergo
given positiveresults in the Amesassayboth withan,. monthly hemoglobin, LDI and AS• determinations
without metabolic activation.! (The Ames assay, a during the first 3 months of exposure to TNT.* One
basic toiological tooL is an in vitro test for mutage- study-which was cited both in the open and in U.S.
nticity. It measures theoccuence of reverse mutagen- Arnyhtewraes--dernnstratedthatamsayirgforAST,
esis in genetically modfied Smon•lk. typAthmm and hemolbin in comibination detected al
strains. See also Chapter 14, Pesticides.) abormnal cases, wherea if the assays were pefiot-e
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TABLE 9% aminodinitrotoluene (ADNT), a metabolite, can be

PREPLACEMENT EXAMINATION FOR related toTNTl ri within24hours ox u
TNTWORKERS The urinary ADNT is measured via gas chrmatgra•

phy with electron-capture detection.' Most indi-
viduals excrete their highest concentrations of ADT

Cospmeu Emuphauis within a few hours after exposure, but some still ex-
crete significant amounts many hours later. This pro-

Medical Histoay Akohol use longed excrtion time may indicate that INM or a
Tobacco use metabolite has been retained, or may perhaps indicate
Alergies delayed skin absorption. Prolonged dermal asorp-
Skin btionhasbeenindicated inagrupofexploivesworkers

EENT whose urinary concentrations of ADNT indicated
Heuiutap~syst, higher total expmures than were predicted from the
Liver disease concentrations in ambient air."'
Navous system•Rem~cy systen Dfiditololen
ResalystemMedk-vt" Oh CH,

ckp tional Histoty PnorTNTsen•i" .Jý NOo O04
Phior exosumr to hepatotoxins

Physical Eumblnak Allergies 1
Sidn

examination of eyes Z44OtM 2.8-NT
N s In 1980, nearly 8% of the total toluene produced in
Mentalstats the United States was converted to dinktotolene

[ Tes CCwide and (DN), which is widely used in military applications
TicuDcywths and in cvlian applications suchasidye manufacturing

Mdhmn&W and organic necalsynthesas. Of the DNTpmduced
Renal bnctiom currently, 99% is used in the synthesis of toluene
Ltver • fdiamine, an intermediate in the production of
Mkicokurinalysis toenedisocyanate DNT may also comprise up

_.......... ..... _ to 10% of commca dynamite formulations. Mili-
,n O tary uses of DNT are similarly broad, where it is

aa Mnifo~ly • n e . dyw •e, nfy M-i usually used a- an additive to modify the properties
Am hbb: Hy: AnjI. Ie641-373-M. of other explosives. For example, DNT may function

as a comb.stion modifier in propellants, as a gelatin-
izer in expiosives, or as a waterproofing agent in

aloneorinpasrs,manycasesweremsed.. Periodic exposve 4

examinatosproviehiadequatemwrnngof imped-
ing aplastic anemiaY Workers who have abnml Mimfa ,•ctw E•pos•r Hazo
results should be removed from exposure and evalu-
ated fur.ther Due to the serious safety and helth hazards inher-

Bioassay for TM. exposure began during World ent in the manufacture of DNT (it is regulated as a
War l with the ue of Webster's test for urinam TNT' carcinogen and is even more hazardous than TNT),
This qualitative test was based on the reaction of curnt-practsor ted cal-adeDlusecontinu-
akooilkposiumhydroxidewihanetherextmctof ous, dosed systems that are highly automated and
acidified urine, wherein colors are produced when remotelycontrolled. Technical-gradeDNTisagreasy
TNTand other metapolyitrto compounds am present liquid comprised of approximately 8D% 2.44NT and
in ure? (Antqunones and indole red maycause 20% 26-DNT, but military-gradeDNT requires hghly

terference however.") Incomparisontothequalita- purified Z4-Dn flakes. Significant occupational ex-
tive Websters test, a quantitative test for urinary posure is possible during the purification and flaking
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processes, as well as during the later mixing and shell- intestinalmmkroflordnmblism are necessary for the
loadingoperations. Because DNT isalsopresent in the production ofan as-yet-unidentified ultimatecarcino-
waste water ofTNTmnufacturing and shell-loading gen. Three major mamal carcinogenicty studies
plants, significant environmental contamination, and have indicated that 2,6-DNT is both an initiator and a
thus exposure, can also occur. promoter, while 24-DNT is only a poemot.?' Evi-

dence of carcinogenicity in humans is lacking how-
HwamwM Eposur and realt Effects ever. Two occupatioral-cohort studies have beem

completed on workersexposed to DNT. Neitherstudy
DNT is readily absorbed via all routes of exposure, showed any excessive incidence of cancer, but both

but absorption through the dermis is probably the demonstrated elevated cardiovascular and cerebro-
mostsignificant In rats, both the 2,4- and 26- isomers vascular mortality."
are extensively metabolized by the liver and then Deeteriouseffectsonthemproducivesysteishave
excrted ib Intestinal nitro-reductase-active been reported in rats that were given large doses of
bacteria further metabolize the product, which is DNT (345mg/kg/d),butsucheffectswerenotseen
resorbed and resmeabolized to an as-yet-unidenti- in a NIO study of workers at a DNT-toluenedla-
fied-butgento --product Thexcretoof Z4- mine (IA) plant2  Testicular atrophy, decreased
DNTmetabolitesinhumanisqualitativelysimilarto spernuatenesis, and Mnfctong ovar have
that in rats, however, humans do not excrete the re- been seen n rats, mice, and dogs in feeding studies
duced metabolite of 26-DNT. This qualitative differ- performed to assess chronic exposs. Rsmuts of
ence in metabolism nakes i extrapolation multigenerational reproductive studies in animals
of the cardnogenic risks d u have been negative. Only one of three epideniolog-

AceEffects. The most haancteristicsign of acute ical studies has shown ffects on the human repro-
DNT toxicity is methemoglobinemia. Associ.ted ductive system, and those were limited to decreased
symptoms include l"dache, fatigue, cyanosis, irita- spere counts, mmor morphologic changes an sperm.
bility, and nausea. Moderate exposures may cause and asmaull increase in spontaimmisabortionsamoag
ataxia, respiratory depression, and arthralgias, while wives of exposed worker .'7' Studies done on ani-
severe exposure may lead to progressive CNS de- eals and hurans have failed to identify teratogenic
pression and death!'" effects.

CkfowEffects Aneia aMdi sdemicheartdisease Othe chronic effects noted in studies on animals
am the most commonly reognized chronic effects of include neurotoxicity and hepatotoxicity, with histo-
exposure to DNT:" The anemia occurs when erythro- logical changes in both organ noted at autopsy. Sen-
cytes that contain methemoglotin hernolyze, and is sitization dermatitis may also occur, but not as fire-
typically lo -rade and partially openated. In- quently as with exposm to TNT. Friction sites are
creased mortality from ischemicheartdiseashelasbeen frequently affected by DNT dematitis.
seen in munitions workers who were exposed to DNT
during the 194Ms and 1950N!' Unfortunately, thelack Primay Pmmwion and Med Semilw
of adequate exposure data precludes our ability to
make dose-response estimates for these effec As with all potential carcinogens prevention of

Concerns about the cacinogencity 'of DNT have exposureisessential thDNT. Workers who could
been expressed for several years, and have recently potentially be exposed to DNTshould be normed of
focused on incompitely burned DNT in propellant the deleterious health eflect, including the possible
residue at waste prpellant disposal sites. Anyone reproductive system effects. In akdtion to the usety
exposed is at risk for carcinogenesm including work- and hyginmemse previouslyvme donWocupi-
em' at the disposal sites, and all who ar enviroe men- tional heaMlth personnel should monitor for residual
tally exposed via dust, groundwater, or direct contact uiuldupof DNTon cothin boot liings and hrdhat
with contaminated soiL Nr isomers exhibitedo only liners. Respiratory protectim is usually unnecessary,
weak mutagei activity in the Ames aay' and no because DNT has low vapor pressure.
activity In various mammalian cell culture genotaxic- Medical surveillance should consist of the same
ityassays, Howeverfeedlngstudies in rats uslngboth protocol as that for TNT, with the addition ofa repro-
technical-gfade DNT and 26-DNT showed a high ductivehb oyandthemeaswem-eofurinayDNT.
hiciden~ce of hepatocelfular carcinomas produced by Thepreplacmenevaluatonshouldlndudeabueline
Z6-DNT, with a lower irnidence in females compared spermcountand morpholyassessment for workers
tomalm Enteronepaticrecirculationwithhhepati d who intend to have childrm Seme analysis shld
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not be necessaiy during routine periodic medical sur- Primar Pwoodnion end Metdkal Sxvieilanc
veiliance of exposed workers.

Preplacment examinations should be conducted
Pcric Acid and Ainuamlum Picait acco-dingttheinfor~atonoontaineinTable9-7.'A'

CH ftOnce again, the conitets of the periodic jOb-reated
examinatio should be determined by the occupa-

fic N OIN Mtfonal physician on a case-4by-case basis.

Several other nftroaromatics have unique proper-
NQ1 tie bothatalwte m tobe used bythe mlita iyn

PkrkAW nvron Pows specialized but limited ways, 71epowerUlexplosives
~ AddPI1UOI*#f ~ l-diamno-24,trinlrobenzm(knownasDAT~or

Picric add was first prepare in 1771 for use asa MAIMB and Ia35-tmlo -2,46-ftrintobcnzene
yellow dye, and hi 188M the French first utffbad its (TATB) ate used in pkastic ecplogmiv e x=*I~rcuti
eplosivcharacteisicasabustngchmrgeforshdls. bene OWN) is a dafaive of IM Owua very sWAbe at
However, the introduction of TNT duiring the 2DtII high temperaftues. It0 isued sin OlaWi bondled exlo-
certury edipsed picric add's use as a high explosie syes and dewtontion.4mmu and is being inveOtigase
For military purposes, some of picri: acids chemical a noxieting agent for cawtiNr and the TNrtDRX mix-
characeristics are disavanagot its NOi melt- ture tha is known asconpositic &. As a nucleating
ing peint, which makes picri acid more difficult to apot, it reducies the crysta size in TNJT Gonb and pre-
shape into bombs and "f~ctiles, and Its tendency to vents formation of da9~,Dns Miling defeds when the
form sensitive salts with nuaterlals such a. calcum,, Wjrwntrxandsacook. HM~usedwjhZA,6,A6-

ledzic~an ohe nctk.'Sensitive salts arehlk* hwira ou~wmmerszne(NABinder toningu! s D~aa
to ex~plode with small shocks or bumps, and the rate regantiiig ihe toxicity of these explosives are viutually
and Peten t of these salts formation is unpredictable. nonebdgut although they may be expected to show

7The mlitary currently uses picric acdd oly asa raw efAmt shnilar to the othe niftoarontatlc explosives.
ingredien't for nnaoniuum picrate, whkis, due to its
htivit toirnpctisused insme rmor-piercing
shels. The civilian sector formerly used picri acid in TABUE 9-7
burn ointments5 and curently uses it in plarmaceuti.. PRMPACBEENTEAMINATION 101 flCRIC
cal manufacure,2 leathe tanning, dyes, coper and AC3D AND AMMONIUM CPICATE WORKERS
steel eWtcbh, forensic d~alfy, and photographic
emulsions. -MOM Ewasaaf

~~~~~~MS -n Wl&Eet nl~tory Asfhma

Systemic effects from inhaling or Ingesting picric Senditiation l amoiumpicaae
adid and ammortiumn picrate are rarm the main health diaad

eff-ct thaOt workers eqxprrienc after exposure havWe SMW&Aon to tetryi
been dermatologcs Exposure to dust or fucoes may Euamiation KWIdne
cause skin and eye Irritation allergic dermatitis, and Lime
yellow staining of the skin and hair. Picric acid does Blood
not appear to penetrate bftac skin and dermal ex~po- Sd
sureprbably contriutes lttle to systemic bsorption Laboratoy Tests cbe19alid w mlrowopkl urinaysis
and toxicity. Incor-hask~inhaledand Ingested plciic Uiver4unctlon tesb
acid is well absocbed, and in rare cases can cause
headache, vertigo, Ioss of conscioustiess, myalgas, Twoftedainimasmshmmdbe ad~ inn 7,, WAM.
nausea, vondting. gastroenteritis, hemorrhagic 3iR*FgW fronCadwr 9 rD~amCiniLNatloMI L9-mte fmr
nephuritis, and acut hepatitis. Evaluation of mutage- O=ayiOmAf Safey md HOO xup.Iiou S@Met ami HaMt
snlcity has yieled mixed resilt in prokwatyti and amwD U WsdU ~t M WOM
esakarotcess
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THE N•TMAMMNES

The nitramines are the most recently introduced The greatest potential for occupational exposure to
dass of organic nitrate explosives (Figure 9-15). The RDX occurs at ammunition plants with LAP opera-
mst ominent member of this cass is RDX Oeseard tions, where workers involved with melt-loading and

department rploslve hexahydro-13,5-trinitro-1,3,5- maintenanc•operations have thegr tet potentWfor
triazine,whchbalsoknownascydonite);HMX(higb- exposures!" During World War I, there were no
meltingaxplove;octahydro-,13,5,7-tetranitro-i,3,5,7- fatalities and little morbidity at RDX manufacturing
tetrazocine), nitroguanidine, and tetryl are also plants. Smallnumbersof Italian and Germanworke,
significant nitramines. who handled powdered RDX in the dryin&, cooling,

screening, and packing processes, were reported to
Heahydro-UA-trhntr*o-4. azine haveexgffwnced RDX toxicity, but all recovered com-

plety.
,In 1962, five cases of convulsions or unconscious-

N uess orboth occurred at an RDX manufacturing plant7 K• • in the United States. In four of these instmes, expo.
Osuewas frominhaled dust duringdeanupofa mixing
areL The fifth employe screened and blended dried

I I RDX from different batches; gross skin and air con-
oN , %P tamination occurred because no mechanical ventila-

ct tion was used and the individual did not follow
handwashing and hygiene precautions. All five em-
ployees had convulsions during their workshift or

Although RDX (see Figure 9-15) was first prepared within a few hours after their shift were over. These
in 1899, its explosive properties were not appreciated patients exhibited little or no prodrome, and the
until 1920. RDX was used widely during World War postictal phase lasted up to 24 houm No abnormal
I1 because petrokm was not needed as a raw ingredi- laboratory or physical findings were noted."
entO' Durimgand=inceWorld WarilRDX hasbecome Troops have also become intoxicated dritng field
the second-most-widy used high explosive in the operations from exposure to composition C4 plastic
military, exceededonlybyTNT. Aswithmostmilitary e sive, whichcontains91% RDX. heMefieldexpo.-
exploslvs RDX is rarly used alone;it is widely used as sum occurred because C4 was either chewed as an
a component of plstic explosive, detonato high ex- intoxicant orused asa fuelforcooking. Thus theroute
plosivesl natdlley• muds, Claymore mies, and demo- of exposure was ingestion or inhalation. At least 40
lition kits. RDX has limited civilian use asa rat poison. American soldiers experienced convulsions due to

RDX ingestion during the Vietnam Warps
Manufac • d• p a os• za• rd RDX in the waste water from marnuacturing and

loioperatimi hn alsoeon vlmrtedotheewvit-RDXima numacetuntthecoriinuouBadmun m ent Although contamination has appeared in soil
process, in which hexamine is nitrated with ammo- and groundwater near some ammunition plants,
ntum nitrate and nitric a"d in a solvent mixture of R)X'slowsolubilityinwaterhaslimitedits migration
acetic and and acetic anhydride The byp ucts of in most cases.
RDX manufature include nitrogen oxides, sulfur ox-
ides, acdd mists, and unrieacted ingredients (Fgur 9- Uma Erposwe and Heaftk Effect*
16). In 1964,during mobilization for the Vietnam War,
the HostM Army Ammunition Plantalone produced The mainstay of treatment for RDX exposure is
approximately 75o00 pounds per day of RDX and removal from exposure Patients who are experent-
HMX combined." ing seizur activity should be given phenbatbital.

Soldim and other workers have been exposed to Phenytoin is ineffective in controlling RDX-induced
RDX during itsmanufactude in the field, and through seizures."
the Contamination of the enironmnent The main Tmzokkim CGastoointestinalabsorptim ofRDX
occupationalexposure toRDXduingits manufacture in humans is slow but complete;, serum levels peak
is through the inhalatio of fn dust partiders Ins approximately 12 hours after ingestion. Cearce of
tion may also bea possible route of e , but it is RDXfrom theserumoccursinapproximately15hou
poorly absorbed through the dmlkIThe highest tissue levels of RDX occur in the kidneys,
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II

N ROX

NN

>7~

Cj~N + 4 HW~j + 2 1NF03 + 3 (CF'C~z 2- C.'4gOs 16 CHCOH HMzV~O

FIg. & The betnistry ot RDX and HMX production. 1MX is an unavoidable coproduct 4l the production OFRDX fromheicmfitie. Most RDX preprations contain at Ings 9% HM)L Reprinled from US Army Envklromw,*u Hygiene Agency.
)WatePofihfm A~es ofExpmM oo"gw . Aberdeen PrvnGroundMd. USEHA, 19W21. MSEHA TedmtaI
Guide 140.

w-MAgy kverlevel in the live, brain and beset geerwalized conwukoms muscle Wtwitchn ad sore-
RDX is tre~taolized by the live, nd thie unidentified new, nd stupor delirium, and disorientatodmp.eaoie wre excete priamary in the urhee' Un- CMincal findings in aue eposum may also in-
lIke moso otherf nitrte eigplosives, ROX does rot dude fever, tahycardl, hematuria, protelnurla,
mtetabolize to fowa nitrite in the blood. azotmia, mdM anmia, neutraplidc kvkoftwsb, e-

Acm&UEffrIs. RDhasreltivelylowaicutetoxicity. evated ASF, mWAnd elcroenaepValo aim(E abnoe-
After acute eicposuebybInabationor Ingetiother mallti& These abmomaleffects, trasident and unre-
is a latent period of a few hours, followed by a genera hibl for diagxosic purposes last at =os a few days
sequernce of hntodcatiathat begisw~ith aprodroal In fact Al pfysica and aboraloy tests my remain
perio of niftabfity Neuroloiqal sympexm pre- normal eme In the pmeice of siam" EEC.
dominate an bduincl dee tlmmesad hypedruleabit- made at the tioie of ccvuWmlslouu y sho biltera
fty- headache %aknm; dlulness hyperactive re- ynroosspike and wve complexes (2-3/usc) in
flexes naume and vomltin prolonged and TecWTvn the frontal arma wifh diMuse slow wadve a y~rnov-
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malization occurs within I to 3 months. results in the Ames test, the dominant lethal test, and
Patients will recover from acute RDX exposure the uscheduled deoxyribonucleic acid synthesis as-

within days to months, graduallybutcompletely, and say. RDX has not been found to be carcinogenic in
they may experience amnesia early in the process. gavagestudies performed on rats, but inc reased hepa-

Several case reporb of RDX ingestion have been tocellular carcinoma and adenoma were noted in fe-
documentedL In one instance, a 3-year-old child in- males ofonestrmnofmice. Due to this finding, theUS.
gested plasticized RDX that had adhered to the boots Environmental Protection Agency has classified RDX
and clothing of its mother, who worked in a munitions as a possible human carc'nogen.
plant The child presented with status epilepticus, but Reptoductive effects havebeen noted in rabbits and
recovered without sequelae. laboratory tests were rats. A study performed on rabbits showed terato-
essentially normal, and the dose of RDX ingested by genic effects at 2 mg/kg/day (10% of the dose that
the child was estimated to be 84 mg/kg8' In the in- caused maternal toxicity)! ' Similarly, a teratology
stancesofconvulsionsthatoocurredamongAmerican study performed on pregnant rats acpced to RDX
soldiers in Vietnam the signs and symptoms usually resulted in offspring with lower body weights and
began 8 to 12 hours afteringestion. Rtnal toxicity was rhorter body lengths than were found in the control
observed in 3 of 18 patients (16%) in one series.' The group. These researchers therefore recommended
sequence of symptoms was similar to that which cc, that human females of childbearing age be protected
cured after occupational exposures, proceeding from from exposure to RDX.
confusion and hypirritability to myodonk contrac-
tions, seve proloned generalizcd szr pro- Pdxsay ?vexto adMfkWSeý,,ac
onged confusion, and a.mu

The effectsofacute exposmre toRDX have alsobeen DespitethelowtoxidtyofRDX, expomreshouldbe
studied in animals. In rats, the median lethal dose of maintained at the lowest levels possible due to its
oralyadministeredRDXwasapproximately 20mg/ possible aroen.ty. Sound industrial hygiene
kg. Groups of 20 rats at each dose level were adminis- and preventivemedicine measmres, suchas those used
tered 25 mg/kg, 50 mg/kg, or 100 mg/kg; all doses in the handling of TNT, should suffice to protect the
produced hyprtability, convulsions, and mortal- worker.
ity up to 8&6% General nedical surveillance examinations can be

Ctmk Effects. Although itwvezresearch with conducted, but specific testing for the effects of low-
animakhasrealedsonmeffects,feweffectshofd'onk level occupational exposure does not apper to be
human exposure to RDX have been reported. One warranted, giventheabsenofab mlresultseven
study reported that occupatinal exposure toTWAs of inthuisepatients with RDX-induced wimres. Surveil-
028 mg/m 3 to 1.57 mg/rn3 did not cause hematolog- lance for both males and fema should also indudea
cal, heatic, or renal abnormalitie This study also screening questionnaire for reproductive history.
failed to substantiate a suspected association of RDX
expuorewithsystemicupuserythematosi-.Mo.erate Octb-ydr-.. -eml1mai,3 S,7e.tamzdne
reducdons of the erythrocyte count and hemoglobin
occur during the first month of exosnrc, but these MI
alues reti'n to ormal by the end of the second

Tests done on animals have supplemented the
knowledge of the chroni effects of RDX on humans.
DV• fed.%0 mg/kgof RDXdaiy for90days &vlp oj•-s 11-0

hyperirritablty, convulsions, and weigh lows, withI
no alterations of their blood chemistries or cytology. -
No histological lesions have been found in animals
that have had RDX-induced seizures. In addition to
thsedfectsnoted inhumasseveeralothehavebeen NN
seen in animal tests:cancweight low anemia, .hea-
totoxicity, testicular degeneration, and suppurative HMX !s the highest-enefgy solid explosiv pro-
inflammation of the prostate. duced on a large scale in the United States. This

tnvegtosmintothe mutagenictyand crnoge- explsve fs used exusively for military purposes to
nidty of RDX have yielded conflicting results. RDX implode fissionable material in nuclear devices, as a
does not appeor to be a mutagen, based o negative component of plastic-bonded axplosves, as a compo-
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nent of rocket propellant, and as a high-explosive Nitroguanidine was first prepared in 1877, but was
burster charge.! not used as an explosive until World War IL Today, it

is a major component of triple-base solid propellants.
Manufacture and Exposure Hazards The properties that give nitroguanidine an advantage

over nitrocellulose or nitroglycerin include its cooler
Exposure to HMX can occur during the manufac- burning, greater production of gas, less flash, less

hire and filling of munitions or through the environ- smoke, and less corrosion in gun barrels.
mentalcontamination of groundwaterand soiL HMX,
like RDX, is manufactured using the continuous Mamifactwe and Exposae Hazards
Bachman process (see Figure 9-16). Although its solu-
bility in water is very low, HMX can be present in Nitroguanidine is produced using the British aque-
particulate form in water effluent from manufactur- ous fusion process, which is not dependent on either
ing, LAP, and demilitarization operations. coal or petroleum for rawingredients. Theingredients

and process chemicals used in the production of
Human Exposure and Health Effects nitroguanidine include calcium carbide, nitrogen, cat-

cium cyanamide, ammonium nitrate, guanidine ni-
Thedata on the effectson human health of exposure trate, ammonia, and sulfuric add.!

to HMX are very limited. HMX causes CNS effects Workers can be exposed to nitroguanidine during
similar to those of RDX, but at considerably higher themanufacturingprocessorduringitsincorporation
doses.' In one study, volunteers submitted to patch intopropellants. Nitroguanidineismioderatelysoluble
testing, which produced skin irritation. Anotherstudy in waterand is rapidlyabsorbed in thegastrointestinal
ofa cohortof 93 workersat an ammunition plant found tract. It is only negligibly metabolized, however, and
no hernatological, hepatic, autoimmune, or renal dis- the body rapidly excretes unaltered nitroguanidine in
eases. However, the study did not quantify the levels the urine.
of exposure to HMX.

HMX exposure has been investigated in several Human Exposure and Health Effects
studies on animals. Overall, the toxicity appears to be
quite low. HMX is poorly absorbed by ingestion. Althoughstudiesoftheeffectsofnitroguanidineon
When applied to the dermis, it induces mild skin humans have not been done, studies performed on
irritation but not delayed contact sensitization. Vari- animals have indicated generally low toxicity. The
ousacuteandsubchronicneurbehavioraleffectshave oral LDý0 is 3.9 g/kg in mice and 102 g/kg in rats.
been reported In rabbits and rodents, including ataxia, Direct contact with nitroguanidine may burn the skin
sedation, hyperkinesia, and convulsions. The chronic and eyes. Single sublethal doses of nitroguanidine in
effects of HMX that have been documented through rodents have caused respiratory effects (epistaxis and
animal studies include decreased hemoglobin, in- dyspnea), gastrointestinal effects (diarrhea and hem-
creased serum alkaline phosphatase, and decreased orrhage), and CNS effects (depression, hyperactivity,
albumin. Pathological changes were also observed in ataxia, and tremors). Chronic exposure to nitroguani-
theanimals'liversand kidneys." Nodataareavailable dine may result in osmotic diuresis and modest
concerning the possible reproductive, developmental, hematologicaland liver-function changesr Resulsof
or carcinogenic effects of HMX. studies of the reproductive and teratogenic effects of

nitroguanidine appear to be negative and results of
Primary PrVenfton anMdical Surveillance testing for mutagenicity, despite flaws in the study

protocol, appear to be negative.
Both primary prevention and medical surveillance

for HMX exposure should be conaucted as they would Primary Prevextio and Me"ica Smuveillace
be for exposure to RDX, discussed above.

Those who work with nitroguanidine should avoid
Nitrguanidine exposing their skin, eyes, and respiratory tracts, and

should wear PPE (safety glasses and respirtory pro-
HN-C- N2 tective equipment) when exposure to airborne

niftoguanidineexcceds the exposure limit. Preplace-I Ii inent examinations should focus on the kidneys, theNO I H liver, and the blood and include renal and liver-func-
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tion tests and completeblood counts. Because the toxic with tetryellets significantly expose workers to tet-
effects are subtle and the long-term implication of ryl dust.4"
alterations in these clinical tests is unclear, the occupa-
tional physician should use an interim medical history HwPAn Exposare an d Health Effets
todetermnine the contents of periodic examinations on
a case-by-case basis. Altered test results may indicate The primary acute effects of o ure to tetryl are
the need for improved exposure control in the work- due to its irritation of the upper respiratory tract, the
place and medical follow-up of the abnormal results. skin, and the eyes. Workerswhohavebeen exposed to

tetryl dust complain of burning eyes, itching, sneez-
k,6-Trinftrupeymethylniftamlne ing, coryza, and epistaxis. These symptoms may begin

"atany time duringthefirst3 months of exposure. New
1 0 workers may also expereiec nausea and vomiting,

but they recoverrapidly. Nasalsymptomsabatewithin
021 48 hours after exposure has ceased, but bronchial

symptoms may require up to 10 days to abate. Addi-
tionally, a yellow staining of the hands occurs during
the first 3 days of exposure. Exposure to the sun
deepens these stains to orange, and although they
begin to fade soon after the exposure has ceased, some

N0z degree of staining persists for several montlh Other
acute effects include nervousness, headaches, insom-

Tetryl was first prepared in 1877, but was not used nia, oligomenorrhea, weight loss, nausea, vomiting,
as an eposive until World War L when it was found anorexia, spasmodic coughing, and orthopnea.
to be the most efficient booster charge for high explo- Contact dermatitis and skin sensitization are the
sives. From World Warf iuntil rec-tly, tetrylwas the most common chronic effects of exposure to tetryL
booster charge most commonly used by the United During World War IL tetryl was the most common
Statesmilitary. Thearmed forces havealso used tetryl cause of dermatitis among ammunition workes The
inblastingcapsprimersand shell burmst' Although incidenceof workerswho were semitized was proper-
many of our allies continue to produce and use tetryL tional to theirdegreeofexposure: 2% of pellet workers,
productionin the United States ceased in 1983because but 50% of workers in dusty operations.'" Addition-
tetryl tends to corrode steel and is unstable when aUy,theriskforcontactdermatitiswashighestinthose
stored at high temperatures. Thus, our current use of workers who were exposed to significant amounts of
tetayl is limited to the remainit g stock. Its only re- tetryl dust The typical rash initially takes the form of
potted civilian use is as a pH indicator.' erytherna of the malar areas, neck, chest, back, and

ventral sufaces of the forearms. Then the affected
Mre aid EXPOS Hazards areas develop papules and desquamate after a few

days. Tolerance may develop in workers who con-
The manufacture of telryl involves several steps tinue to be expos.d. In severe cases, the dermatitis

during which workers can be exposed to nitrogen may develop vesicles and progress to massive geuer-
oxides and acid vapors. Sulfuric acid is first added to alized edema with airway obstruction and substantial
dimethyniline; the acidified dimethylaniline is then exfoliation from edema of the oroplarynx." Re-
nitrated by concentrated nitric acid, forming a granu- moving the patient from exposure allows the cutane-
lar tetryl precipitate. These grains of tetryl are then ous symptoms to resolve within 2 to 4 weeks. These
dried,acreened.coatedwithgraphiteandcomnpressed dermal effects result from direct irritation from the
into pellets for use in munitions.' tetryl crystals, as well as from the chemical properties

Occupational exposurw to tetryl can occur during oftetryL urthermor because trylismetabolized to
the various LAP operations that use tetryl pellets. picric add, cross-sensitization to piui acid and its
These operations create tetryl dust, and thus expose derivatives may also occur.'
the workers through dermal contact, inhalation, and Virtually all workers with significant exposure to
incidental ingestion of the dust. In a retrospective dust develop a deep cough that produces a thin, mu-
cohlot study of systemic toxicity, the chief site of coid sputum. The cough appears to be a result of the
exposure wasapowderhouseinwhkhworkersloaded irritant action of the tetryl parties on the upper air-
booster begswithtetryL Virtuallyall LAPoperations way. Thelarge size (150 p) of tetryl particles pevents
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their entry into the lower respiratory tract; conse- TABLE 9"
quently, radiokVahs of exposed workers' c.ests have P cEMENT EA ATION FOR
remained notmal'

Evidence of systemic toxicity has becn overlooked T WORKERS
because (a) these effects have a long latency, (b) ex- ' Emphasis
posed workers wem scattered across the country after
their demobilization, and (c) the large turnover of Medical isto Akhol use
workers limited the number of workers with pro- Tobacco use
longed significant exoure to tetryL The draft and Aenies
other socWil effects during the wi contributed to the Dermatitis
very high turnover rate-the average time worked in EENT
these factories was orlv about 1 year. In fact, at least Hematologic system
three cases of systemic toxicity have been reported.' Lier disease
Systemic symptoms were noted only among workers Nervoussystem
who did not develop the more common irritative Respiratorysystem
symptoms of demiatitis, conjunctivitis, and nasopha- Raw syem

ryngeal irritation. Mdcfo
Clinical signs of chronic tetryl exposure include Oc0ational Histmy Prior sensitivity to tetyl or

moderate leukocytosis with relative lymphocytosis, picrici
anemia, and efpastric tendemess.' t" Upper gastro- Prior exposure tohep'totoxms
intestinal symptoms (such as gasritis. or pepM c ulcer PRysica, !-mmabon Allergies
disease) were frequently so aggravated that affected Skin
workers were forced to leave work. In severe cases, EENT
tocmhemtiscanoccurwithresultantjaundice,edema, Li
and ascited . In several cses, hepatorenal syndrome Nervous system
and death have resulted. Substantiating fndings, Resratory system
including irreversible liver necrosis, renal tubular de- Tests CDC with differential
generation, bone marrow-depression anemia, puhno- Liver function tests
nary edema, abdinalpaininia hym flexia, Renal function tests
and mental excitation, have been described in expo- Microscopic uftalysis
sure studies with dogsr Tetryl is now considered to ....- ,
be a mutagen and probable carci.gen..

In addition, pure and military-grade tetryl were
found to be mutagenic in td.ee lrokryoic test sys- granulesarelessdustythanprocessesthatusecrystak.
tems. Metabolic action on tetryl in salmonella (the Using suindicatorsw pwll detectracsof
Ames assay) reduced the chemical's mutagenicity, tetryl that remamin a the skt. This soap abD converts
suggestirg that tetryl is a direct-acting mutagenJ' tetyl to a soluble fkmn which aids in removf it from

theskin. However, one •ntr4that should beavoided is
hwimy Prevt•xtW and Medical surilce job rotation, because it may favor satization.

Preplacement, periodic, and termition, examma-
The most effective exposure control is the isolation tions are necessary for workers who could potentially

or enclosure of dusty operationse Isolating opera- be exposed to tetryL Table 9-S shows the content of
tions that use equipment such as dryers, sieves, and preplacermet examination. A•s b , thecontent of
conveyort ~fepointsminimizes•t•econtamination periodic examinations is determined by the occupa-
ofotherworkareas. Manufactuuig processes that ue tional physician on a case-by-case basis.

THE INITIATING EXPLOSIVES

TheInitiating explosives area heterogeneousgroup most frequently used iitating explosives include
of chemicals, prepared and used in very small quanti- lead side, lead styphnate and mercury fulminate
ties, whkh thuslimits thei potentialforexposume. The f gr 9-17). Oer, less common, initiators inude
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CAS promise Regulatons and medicalsurveillance soci-
Common Roomy ated with expsure to lead azide should be based on
Nm e Ikinm SynonYms Formul the lead co*nt r Thesepsecific requirements are

-w -dictated by Title 29, Code of Federal Regulafts, Part
LaO AzM 1342I14-• 1910.10255'

LeeS~ho SyIui 245-44-0 Lead W.49Ofb Lead Styhnate

Lead styphmate was first prepared in 1914 by von
Hertz in Germany, but it was first used as an explosive

MM" HOnOC) by Russia earlyin Wdrld WarL Althoughleadstyph-
Fuki*uw nateisignited easilyitisa iaively poorihntiatorand

-thus is often used in combinaton with other rirnavyF•S•-l.e•aU • ,me~ •,~o,- expoves. Lead syhate, manufactured hm2,4,6-
H&s9-117 Thieiutlatngexploslmwsogetherwith thircornl- - Oi~.a~6 ~~r W A

"WI nams~hemicl~bsbacrmnehfroresorcinoI L magnesium oxide, and lead nitrate,VA fmuula. may be used as a cowring dwee (le, the booster) for

lead azide, as an ingredient of printing composition,
asacomponentinbastlngcaps, adasacoomponentin

tetracene, which is used in conmmercial priing com.- small-arm primers (eg, the M16 primer uses 4 mg of
positions; diazodiniftophenol (DDWP, which is an lead styphnate).
ingredwnt in praners and commercial blasting caps, The effec on human heath have not been well
and lead 'no rresornte (LMNR), which is stud d, acuteeff ectsappeartobehimited.yehlow
used in electric detonators among a variety of appli- staining of the hair and skin and dermfaiis Chronic
cations. exposam may result in lead toxicity, and it is the lead

content of this explosive that should form the basis of
Lead Aze monitoin and medical surveillance for exposur

Lead azide 1Pb(N9)2L first prepared in 1890, is pro- Mercury Fulminate
duced when lead nitrateis reacted with sodium azide;
sodiun nitrate is the byproduc Because it is quite Mercury fulminate IHg(ONC)2L also known as
stable, lead azide is comidered to be one of the best uercury cyanate, was first prepared in the late 17th
initiators for sensitive epoves such•as tetryl, PETN, century, but its explosiv properties were not reco-
and RDX, Lead azide is usually used in combination nized until IS00. Until rettly, ,ercury fulminate
with lead styphnae, DONP, or PEON. In the civilian was usedasadetnatorand ntiator for lse
sector, it is used in cutridge primers, primer cords, explosives such as TNT; however, the military no
and blas.g caps. longer uses mercury fulminate because of its poor

Lead azide iscomiposed of 70% lead by weight and stabilit. Mercuy Ulminatezustbestored water-wet
it releases poisonos fumes of lead and nitrogen ox- because it is sensitive to accidental detonation when
ideswhenheated. However, dueosafetyconsains, dr, small amoxmts are dried immediately before be-
thre is little opportunity for exposure to lead azide ingused.
itself. Duriwn its manufactu, lead azide is screened The acute health effes of mercury fulminate in-
in bricaded rooms to avoid continuously exposing dude mucosal initation and the manifesations of
the workers They c=Wl be eqxposd interinittently voneany poisoning. The most common chroni effect
while entering the seening rooms, but the workers is sensiduton dermatitis, due to exposure to dust
should be wearing their respiratory protecthme equip- the manufacre of detfonors. The dermatitis
me•t at th tie. midt affects the face a&d the anterior surface of the

Some exposur can occur wdepi areloaded, arms.
but local exhaust ventilation b helpful The acute Exposure limts ad medica surveillance for lead
effcts -ofexposutue dde vasodation and headr, styphnate and mecuy fulminate are based on their
whilethedukaet cise oseo•t eadtklon. respective metal con and can be found in
Due to these healh effects, silver azld.. has been in- MIA 29 CFR 1910.1000 and in the ACGIH's Dorz-
vestigated as a subetitute for lead ae, with itme of Me" lift Va u. I- :editioni"

M7



Occivtional Hewitt: Th. SoMidr and Ihe Industrie Base

COMPOSITE PROPELLANTS AND EXPLOSIVES

Composite propellants are solid rocket fuels that Numerous polymeric binders are in use currently.
are being used in an increasing number of applic:- After being mixed with the oxidizer, the resultant
tions. As with all explosives and propellants, Obey propellant can be eidhr ca€ or pressed into a iiold.
consist of an oxygen donor--the oxidizer-and a hy- Cast materials are melted, then poured as a liquid into
drocarbon fuel The oxidizer is usually an inorganic a mold, while presýd material are kept in their solid
salLt whi!e the fuel is a polymerkc binder (essentially a state and shaped Ly simply molding or cxnuding. A
plastic). The composites have a wide range of perfor- high-temperature curing process then effects poly-
mance charactersbcs, are tremendr.sly stable, and merization, a process thae releases toxk vapors, to
are inexpensive. However, they are so reactive that which the workers can be expcsed. The propellant
they corrode the metal in gun barrels. core is then removed from the mold and macchIned or

The vast number of alternatives available for useas trimmed as needed. Workers can be exC, ed to dust
oxidizers and binders preclude discussion of all of during all of these last three operations
them (Exhibit 9-2). nformation regarding the toxicity Plastic bonded explosives are smilar in cocept to
of the inorganic salts is widely available in the toxicol- the composite propelHoas, but are designed to fnxm-
ogy and occupational medicine literature. Therefore, tion as high explosives rather than as propenlants.
this discussion focuses on ammonium perchlorate. Several major groups are the PBX, PMN, and IX-1O
which, dueprobabiy toitscost, stability, ease of manu- series. Theyreprm ta variety ofmixturescombining
facture, and versatility of use, is the most widely used high mechanical strength, excellent stabilit- and a
oxidizer in composite proelvanrts. Ammonium per- wide age Of explolsve prptiS. They " ontain Z
chlorateisusedintheMultipleLaunch RocketSystem high percentage of basic explosive (REM. HMX,
and in rocket-assisted howitzer projectiks. Workers HNS, or PETN), which is mixed with a polymeric
can be contaminated via the dermal and inhalational binder (polyester, polyurethane, nylon, polystyrene.
routes during.-U1stages of propellant productio rubbers, nitrocellulose, or Teflon), plastkizer

Beforeitcanbeused in munitio, an oxidizermust (dioctylphthalate or butyldinitrophenylamine), and
be ground and screewd by particle size to assure that metallic fuel (powdered aluminum or iro). A majo
it will burn uniformly. Both grinding and screening advantage of using plastic bonded explosives is that
raise significant levels of dust, some of which is respi- the final product can be injection (or press) loaded at
rable and must be controlled. The mixing of the ambienttemperatures,ovenloadedinthefield. The
oxidizer with the bider can also be quite dusty. binders are thermally degradable, so that in demilita-

E)GNIT 9-2

TYPICAL COMPONENTS OF COMPOSITE PIOPELLANT'S

inmders
Polyslfides Aluminum
Po wethanes Mee hydrds
Po*W es ioe,:n es
Caftxv4nrýMe polyutadims
H)Adqytermnated payhdadieeso

Fe-n ree dervatives
OxddizerP

Ammonium pereldoate Dondins agrn
Ammonium ntrate
RDX
HMX

Ada~d wish pe.=wwmfm~irkw hde 1,m kulveiarwd popu~fla cni rysonM.KwkkEOtwmerD.edsLkiEVa'm~fte
D %yqwofOmr Y~k ew Yo& JoWsm Wiry & vSom h 449
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rization opwfitons the ngredlents can be compleely allpractialpurposesthepolymrs aremedically
recoverd. inot The other components, which wre heterogwieos

Specif& medical informsticrn regarding cxmposite and from different chmica familli have vasdy dulr,
propellants and explosives is difficilt toprovde. For ant effeds, many cf which mc riot yet characterized.

LIQUID PROPELLANTS

Dbtypesfofliquidpropellantsareliqurodcet where most of the studies of the effects on human
propellants and liquid gun ptopellants. Coththe.Na- healt have been conducted. Studies on humans and
tiorWa Aemonutics and Space Adzn'nstratlon. and the animals have demonstrated deleterious health effects.

MS Air Forme use liquid rocicet propellantsi In high- The effects on humans have been limited to irritations
performance missile systms. The armed services ar-- of the "ki aMnd uww and hepoittic disorders, but the
currenfly develop~ng liquid gun propellants for use in Feflects found in aunial studies have been more seri-
large-alber weapons -.qvh as the 120-mm main tank ous. Mice have developed hepatomas after being fed
cannon, 105-m nhowitzer, 155-nun howitzer, awi ts-i hydrazine rafts eposed to hydrazine vapor have de-
howitzer. velcped naga tumors, and hamsters have developed

lung adenonmna Urinary levels of hydrazine have
Rocket Pnp*tAnt shown uwutility in nmoitiming expasare At a

minimum, medical naveilance should perbiodaliy
Mary chemicals have been uscd as cosmpooents of aw erythrucyte indices, hypoglycezria.kidney and

" roket pt~lants(E xhlbt9-3). Manyamwued liver disease, hemorrhegk diathesis, and allergy to
extena-Mey in tndusr aid ax well ovvre in stan- pbeyhmydmlne and asonlak
dardft w and occpon al rmedkinetoftwmost Nitrgentetoodehasalsobeerwsedwidelyin the
of them have only limited military use and t~herefure spaceprogrmsibutnot witout harmfUlhelth dffeds.
will niot be discussed in thisdchapter. The hqupd ocket The vapors can carae immediate or delayed swelling
propellants that do have iniitar~ applicationts incude and blistering of tUe adna oculi and severely burn
(a) hydrazine, (b) nitrogen to-toodde, and (c) the bo- the dermis. %In nitoeetroxide isnhaled, t can
ranles. react wfth moisture: to form nitric acdd and cmxse

Hydrazine is widely usi'd in the chemical industry, delayed pulmonary edema.'

EXMBTV9~-3

TMMCL COMPONENTS OF LIQUID ROCKET FROPELIANTS

fi*;Osidier
Methyi alohol Hydtwpen -k~
- ao hol~ Red and whie Nh.f nitric add

Furf'wyI a wlo Nitrmenietraoxlde-nyrosoxf uqu fluorine
AmIlm Oxygnwdifluorde
" Iuy misouptan Oonre dvflodde
Pr W? Optan -fomdd

Mixe anints Peitabommn
Nltnr~rdWWhn Trie"Iyboron
Tellvdamiaefthe
Abphic hydmb"cbc
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During the past 30 years, the fuel boron hydrideand oral LDýwas 822 mg/kg, and forfemale rats, 520 m•/
its derivatives-also known as bnes-have become kg; for male rabbits, the oral LDo was 101 mg/kg.
widely used within industry and rocketry as rubber Oral exposure to the mixtures induces cyanosis, respi-
vukanizers, corrosion inhibitors, and in other chemi- ratory distress, and, at high doses, death.' A single
cal prvesses. The reactivity of the boranes has !ed to intragastric dose of 400 mg/kg produced no ECG
aplferationofuses, buthasalsocontributedtotheir changes in dogs. Treatment with methylene blue
significant toxicity. Regardless of their use, borae rapidly reversed the acute toxic effects. The mixtures
are toxic to the respiratory system, cardiovascular were also found to be ocular irritants, but were not
system, CMS, skin, kidneys, and liver. corro.ive to the cornea.' However, exposure to mix-

CarToranes-boranes that contain carbon in addi- tures induced heinatological changes: methemoglo-
tion to boron and hydrogen-have recently been de- binemia occurred; oxygen tension decreased; free ni-
veloped and investigated forusein solid-fuel systems. tritesHeinzbodies•,andcmratederyth cyteformed;
The carboranes are skin irritants, but they do not and, at lower doses, serum potassium decreased '
sensiti-e. They appear to have relatively low acute The armed forces have also used rabbits to test the
toxicity. Subchmic inhalation exposure in dogs re- health effectsof HAN. When applied to the dermis, it
surted in intersitial pneuontis and early emphyse- caused donicandukerativeknimatibts,andathigher
natous changes, but no developmental effects were doses, caused hemolytic anemia in addition to the sys-
noted."' temic effects described previousty for exposure to the

mixture; however, no blood chemistry changes were
Gam Propellants note&' Whenadministeredorally to threegroupsof

rabbits (1, 5, and 25 mg/kg/d) for 21 days, HAN
Liquid gun propellants have several advantages induced splenic congestion and hypeelasia of the

over conventional solid propellants for use in self- reticulo•edothelial system at all doses. At 25 mg/
propelled howitzers and naval vessels: they are less kg/day, HANcausedare emiaandmyelokihyperplasia
expensive toproduceand transport, less vulnerable to ofthebonemarrow.' Inhalationofaerosollzed HAN
ecmndary ignition, easier to .tore in combat vehicles, has been fioad to induce Heinz-body formation and

andaredemilitarizedmoresafelyandeasilythansolid upper-respiratory irrltatiomw Several other liquid
pioelants•m One disadvantage, however, is that gun propeflants have also been inwestigated as aero-
more workers can be exposed to thectm.cal compo- sols, and the effects they elicited were qualitativel
nents during the manufacture, transport and use of similar to those of their principal ingredient, HAN.'
liquid than solid propeUants.' TheOccupatibodand Environmental Medicine Di-

The liquid gun propellants of current interest con- vision of USAEHA .has established preliminary guide-
sist of aqueous solutions of hydroxylammonium ni- lines for medical survelance and a provisional PELof
trate(ItAN) mixed witheithert "rimethnammonium 3 mg/m 3 has been proposed for liquid gun propel-
nitrateortriethanolammoniu" nitrate. Nostudieson lants.:" Testingformethemoglobinenia orexamin-
the effec:s on humtan health have been repcrted on ing the peripheral blood for Heinz bodies may comn-
either of the mLxtures or the inlividual components. p-ise part of the appropriate medical monitoring for
However, theaqueous solutions and pure HAN have exposed employees. Reasonableoccupatlonlprecau-
been evaluated for mammalian toxicity at the US. tions include: restricting employees from eating,
Army Environmental Health Agency (USAEHA) and drinking, and smoking in areas where these chemicals
at the US. Army Letterman Army Institute of Re- are handled or stored; ensuring adequate ventilation;
search." The mixtures were found to be moder- preventing sp;s and splashes; and using PPE such as
ately toxic to both rats and :ab for male rats, the splash goggles and gloves.

SUMMARY

tndefendingtheUnuted States. militarynd civilian incomplete aboratory studies and impefect d, in-
personnel must necessaily producestore, and hardle fomation has been gathered during the last 50 years
a variety of munitiom. In the army, these operations on the effects o!workplace exposures to these chemi-
occurarmund the country at varkios arenals, proving ca!s, much of it m-eoded during wartime while large
grounds, depots, and amuunition plante which to- quantities were being produced.
gether employ more than 100,0 workars. Despite The chemical families repmrned among energetic
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materials include aliphatic nitrate eter (such as nitro- of chemical intermediates along the way. These
glyceri, nitroromatics (such as TNT), and nitramines chemicals are uqally absorbed via the dermal, inhala-
(such as RD)O. Considering the properties of the ener- tional, and, less importantly, the ingestional routes; as
getic materials-explosives, propellants, and pyroted a class they can produce dermatitis, methemo-
ncs--it was inevitable that they would be utilized in globtinemia, vasodilation, or cancer. The standard
military weapons. ExVoives create a shock wave that industrial hygiene principles of engineering and
pwgrees rapidly, while propellards release large administrative controls and PPE can minimize
amounts of hot gas in a more controlled mnuw. Pyro- these exposures. Obviously, the explosive properties
tehmicsbum slowy, emsing tremendous heat orlightW of these chemicals necessitate strict compliance with
Most modern weapo•s utilize mne tic compounds in safety guidelines. Preacement screening an•d peri-
cmbn captalizngon teir indivdualpTer odic surveillance must be tailored to the specific haz-

As these energebc materials are synthesized and ards in each industrial operation and at each site.
assembled into munitions, workers can b expsed to Generalized medical guidance regarding these mix-
the raw materials, the finished product orany number tures has little practical significanc
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INTRODUCTION

Soldiers and civilians whose work includes firing with liquid propellants; the Scuds, fueled in the field,
weapons, launching rockets, and demilitarizing am- took longer than I hour to diarge, and could only be
munition, or who work around conflagrations that charged one at a time.2

involve ammunition (or tactical vehicles that contain Conventional weapons of immense destructive
ammunition) encounter potentially hazardous expo- power have been developed during the 20th century-
sures to combustion products. These exposures are effective rapid-fire weapons; recoillessweapons, rock-
related to the combustion of propellants and other ets, and missiles, allofwhichliberatelargeamountsof
chemicals that provide theenergy forfiringaprojectile combustion products per unit of time; weapons that
or rocket, the materials that are contained within the are operated in confined spaces and in various urban
projectile, the interaction between the projectile and locales; and tightly enclosed vehicles that can be used
thefiringtubeorbarrel, and numerous otherchemacl as weapons pletforms for operations in chemically
and physical events that occur during firing, contaminated enviironm-et A side effect of utilizing

Propellants are chemicals that rapidly liberate large these weapons is that the soldiers who operate them are
volumes of gases under high pressure and tempera- exposed to the combustion products of propellants.
ture. Military personnel probably have been exposed Casualties of inhalational exposures to these com-
to the combustion products of propellants for more bustion products have definitely occurred, but pub-
than l,000 years.' These energetk gases (their reaction lished case reports are not readily available in the
isexothermic) propel a projectile through and out of a medical literature of any language?" Several factors
gun tube or power the reaction motor when a rocket is have minimized the number of reports documenting
launched. Propellants differ from other energetic the adverse effects of these exposures. During weap-
materials such as fuels in their method of combustion: ons firing, the exposure settings are characterized by
fuels require ambient oxygen to bum, whereas the shot-lived clouds ofcontaminants, with high peaks of
oxidant is a chemical constituent of a propellant. The pollution that rapidly dissipate. Exposures like these
combustion of most propellants cannot be quenched are very difficult to measure, particularly under field
once it has begun, conditions. Sporadic, episodic weapons firing during

This chapter primarily considers the risks of expo- training and battle operations deprives medical ob-
sure via inhalation, the skin, and the eyes to the major servers of a steady-state experience, such as would be
combustion products of commonly used solid propel- found in an industrial setting where the same or simi-
lasts--carbon monoxide, ammonia, hydrogen chlo- lar operations are performed in the same location day
ride, oxides of nitrogen and sulfur, and lead-in army after day. The scant information derived from field
weapons systems. (Exposures to carbon monoxide observationsisoftenseduded indassified documents,
and lead are such significant hazards to military per- or documents with limited accessibility, and often
sonnel thaI they are considered in separate chapters of with little or no verification by the civilian or even the
this textbook) Potentially hazardous substances con- military medical communities.
tained in projectiles (such as depleted uranium [DUL, One documented instance of carbon monoxide in-
zinc, and lead) are also addressed. The U1S. Army has toxication occurred at Fort Hood, Texas, in February
not used liquid propellants to anygreat extent, mainly 1984. It involved an M1 El Abrams tank undergoing
because solid propellants have met operational re- operational testing. Thisrare report of carbon monox-
quirements and were less expensive. Liquid propel- ide intoxication is discussed in Chapter 11, Carbon
lants are considered to be potentially hazardous: they Monoxide. Anecdotal evidence is not so rata tank
may contain chemicals that (a) are toxic (strong adds) design was implicated as an important factor contrib-
and (b) could burn rapidly if thecomponents come into uting to inhalational exposure, and poor crew condi-
contact with each other. The Lance missile system uses tions inside Soviet-made tanks that were captured by
liquid propellants ard has had an extremely good the Israeli Defense Forces during the Six-Day War
safety record despite both the theoretical hazards and (1%7) have been described:
considerable operational movement--including air-
drops.! One system that currently uses liquid propel- One of the main drawbacks of the original Soviet IT-
lants has had operational problems: the Scud missiles 55) desig wasthe total disregard of humanengirer-
that the Iraqi army used against Israel and the allied ing for crew membem The Soviets pick the smallest
forces during Operation Desert Storm were charged of their recna;ts to ser in tank units, but evn these
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midgetsdid not feel too happy in the confines of their cians must take the time to describe and report the
tank turret and drivers compartment. Bad ventila- clinicaldeaiandexpoi eeventsu ningwork-
tion in the cramped interior caused faWgue and ex- p!ace-relawdinjriesanillnssessothatourability to
haustion redudngcombateffldetcyandendurance. prevet morbidity and mort.ity can be improved.
In fact, Arab tank crews, overcone by deadly fume US& Amy Melka Department (AkM D) officersar
ao I-At stress under severe chrratk conditions, of-
ten . oaned their tanks, which wert picked up required to report actual overexpour Or any sus-
perfectly intact.s100 pectc dustering of symptoms in soldiers regdless

ot .vhether these occur in gmrrison or in the field. In
The U-STS (WA2C) 115-mm smothbo•e gun, at first, these -ituations, the Special Telegraphic Report of
seems a very efficieat tank gun, [buil its combat Seecttd Condition.(RCSMNW-1l6[R4--Requiem ei
effectiveness leaves much to be desired. The firing Control Symbol. Medical), w•ich is required by army
sequences present mnt of the drawbacks. The gun's regulations, must be used. This report isesential; it
echust fumes are overwhelming and the fighting ewbkes occupational helth mmel to assess tLe
com.partment soon fills with cad-on monoxide, de- oaished engneerm&
spite the bore evacuator designed to remove fumetS efec tiven or periony .eatihe cntilsan .
Poor ventihtion causes combat fati,&", *4 zd s administrative, or personal Drotective controls and to
have been known to abtidon their oo'ints totavy Identify arras where the need for controls was over-
exhausted, choking from the pois.nous funesy'"?' lookd. Eveniually, these report; will be used b:

design et.ýgeers to eliminate or redve hazard.o
By bringing the potential Jsks and problems re- exposm,,c in military ordnance, vehicles, ad equp-

lated to the use of various weapons to khe attention of ment that are bei developed foe fuhtre use. Tbe
medical personnel, those who care for sokliern will be ultimate obiclve is the pri y prevention of mor-
prepared to recognize, tre.t, report, and, ideally, evpi- b.dty and mortality and the elimination or reduction
tually minimize the adverse effec Military physi- of expcsum that diminish sok-ie pefonrance.

HISTORY OF PROPELLANTS

Perhaps the Irust recorded uses of propellants were Biringuccio analyzed the medcnical prow% of pro-
by the Byzantinie definders of Cmnstantinople Painst pellant combustion and also desci ed the At leterious
the Saracen fleet in AD 673 and 717.' The Byzantines eff.ds of inhi combustion products.
used Greek Fire, a flaming propellant that was itelf a By the early 17th celtuzy kingGustdvus AdolpoWs
chanima weapon, generatingacrid smoke. GreekFire of Sweden esobl6e tive first true field artillery,
was probably made of a powdered mixture of sulfur, which consistd of heavy, iron, firing tubes on whed.%s
naphtha, and quidline. By the 13th century, Mediter- propellant in the form c4 black powder, and ball pro-
ranean Muslimn hunched small stone balls that jectiles, He egablishedar.illery(andthereforepropel-
were propelled by b•ck pou•-l, a mbxture of .-lfur, lants) as an important connent of the battleMd
charcoal, and saltpeter (potassium nitrate), thrmogh nutnetarium. ad " he laid the foundation for a
tubes.' Theorigin of black powder remainsa mystery, floislhing Swedsh amts Industry (Figures 10-1 and
but many beleve the Chitnese were the first to uwe it 10-2)."1
probably in fireworks and aagnas? By the 14th cen- Dr.am-ticimnrvem tsinpopeUaiantsevoheddur-
try, Eurwoans reportedly imported WA powder ing the :9th ,tury.
ftrom China. BSack pcwder has been used fk nearly
two mileniwa, and is still vsed Un apprximate pro- Modem ri. •pelanH date rorn 1845, when a German
o.-tis: potassium nitrate, 75%; chamoal, 15%; and dwairstCisrndnbeindlcoveredriutrocellu-

sulfur, 0%) to a lixited degree in modem munitions Icoe0 which burns copletely leaving no solid refi-
such as low-%oi guns,-rock, as an igniter of dues. Culwder [black povderl by comparism
larger propellants- prduces over half ius weias *solid residue. A

Many renowned scientists contrted to the Fields satisacto'y w ioollYi tin f0 (0 of C"k, was fimr
at propellants and the related discipltve of ballistic pradmcd in 1384 b- a French physic.iL Paul Vicul
VannoxdoBirirqwdio,a Fon~tinee ,x by gelatinizing nriocegukss, with an tdacr-&ol

mixture. This was used by the Frenc amy under the
Svariety of iweapomry-including grenades, flame nn* of Poudre. &AlfrW Nobel produced a sinilav
throwes, and portable proectil hur.ie (the forerw- pro Telia by ust. taiglyceriv instead of etser
nersofcontemnporazysmilkallberarms)--nhis 15th- alcohol. Mb in Britain geAnid nwoctUrlose...
centry book. T. VCokia of Vamoct Biringucuo.r s ing& m uni nture ycearne and vaselinelpetro-
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Fig. 10-1. Gustavus 11 Adolphus, called Gustavus
Adoip~ws, was King of Sweden from 1611 to 1632. We
reorganized Utiad mil units and effedvdy hitt-
gra wted rtiyqtoaddmieveIncraed firpoweieudmolbit-
ity. He Also reivolutionivd the mnufacure and use of

Wesky lndu dar4WWnidirngcanpwntsusedin the
uwac~tureof artillery pieofs; inrausing the mobility of
artillety by shortening barrels; and inceaing the rate of
fietrugha the t Ed ewaWpowd dear dges in
b*Vs He established Swedish artillery as the best in the
word. Saure. Holm"ilsBMGrlpva 8L S="es Weep-
-ary Sbwc 163. The 6efence Mfat&rfr Administration of
Swedn The Royal Army Museum. Afl~v. Sweden:
Berbag~L 9

-j& . ; ig -2.bytemdff fthe I M ~cut-
",u Sweden had devtko~di r versi-

Sfled amd extrmely Productive amw in-
.4 ~dustry ihatproducedcamwosmuikets.

11 pdIsohanmanyotheritem*brkxiown
* army and for export. The two 170tmk-c

tuny neopons shown to the left were
suemptsdurgt~he~blackpowderea to

-ed rai-fr gunm The A
C .VW(a). had ftwety 20-immbar-
reb.andwas used asa dekrishveweapon.
To fire the wrapon, powder was placed
In goves imbteauspiftand bud and

fir *ited wtih a mnatch, thereb~y Ig 111 1
the prpelLant charge In eisch banel in

b rapid suaesion. This weapon fired bul-
left weighing 36.5 g eoch The gun Itself
weighed 30 kg- The P&U (fire-WXOe.
(b), is &ar assault gun. U also has twentyI ~ ba.m of 20-mm ctalm. Powder and a
fuse wreiput intodwotheatcame whld
had a cmwinlcatirqopenftingloesch

bare~iuwasmounied onthe end

~~4'. Grhpetd&Sursbt*qmySbfiucl6C
S The Defence Matre" Adminlstation 9(

~ Sweden.The Royal Army huseum.
SAfvk. Swedem- seffilgsu19M 16.



Combustian Pwoducs of Pmptkfans and Anmmnition

Inum jelly. It was known as wcxite due to its shape chemical mixture could be produced at reasonable
and was adoped by the British army in 1891 and is cost and that the chemical costituents could be
stl used." modified to ahieve different explosive characteis-

tics. Theseevetfignaled thedevelopaiat ofa larg,
Despite theEuropeanpropellantdiscoveres black greatly improved militay explosive and .ropellant

powder was used almost exclusively as the propellant industry'
in military guns in the United States throughout the From the beginning of the American Civil War to
IM00s. At least one European innovation, a nitrated the beginning of World War 1 (1861-1914), major ima-
cotton called guncotton (a form of nitrocellulose) that provements occrred in both the military propellant
was invented in Switzerland, was tried as a replace- industry and the devdopment of military ordnance
ment propelant but was rejected because it was too such as cannon and guns (FIgure 10-3). As a result,
costly to produce and its strong gases corroded gun the Spanish-American War (1W) was the last major
barrels. Black powder was initially produced in small conflict in which black powder was used in large
cottage industries. Later, powder mills were cor- quantities. World War I was fought with rnewchemi-
structed but there were few production Inmovabons. csls that propelled projectiles from modern artillery
This situstion changed in 1866 when Alfred Nobel and with innovative smaller weapons like machine
perfected dynamite from nitroglycei black powder, gunsx
charcoal, brick dust, and wood dust. Dynamite was a During World War L two new kinds of weapows
successful commercial explosive for mining and exca- systems sgnificantly increased sodiere exposure to
vatigbutwasnotniltar-lysignificant. However, the thetoxicproductsofpropelantcombustimLthebattle-
flourishing dynamite industry of the latter 19th cen- fie•d tank with a breecldoading gmn, and the rapid-
tury demxtstrated that a relatively safe energetic firing machne gun. The battlefield tank essentially

Fig. I"- An Wwnvatlon that Opirficantly hziaesed the possibility that soldiemwould brexp toprope~llantcaa*%wtkdo
poduhcts was the rear- or breach-loaded csmio The breehloade cannon was conceived at ks as emly as th. Middle
Ages but anufacturers could not produce a tht sal that would prevent leaage of propulsior pressure. A sinple
mechanism that was found to be effective was the Vslldi breech block, which was used in this 19th-centuy Swedish
c-aon. After the buei door was doed, the pbston ccthe right (the bre Oc was Moved to the left to cornplete ft
brei sealnotr 19th-cet"r hinato was the brass ctgcasea, wtichwas orced tightlyagainst the insideof the
barel Other devices used toseal the breedc incude the interrupted screw bir:d block (ectio of thread we cut away,
alwlakwh the breec biock to be locked with only a turn cia few degrees) and the sft obuator ring The obturw ring.
located directly in front owC ntder screw Need if. orcecaubst e be lck by the propellantoson
forming a tSA l .~tsa Smmres: (1) Hobmqulst. OK GrlpsWa 3& SPWes Vlpomy Sn~r 163O0 The Dehow Malft Admlinis-
tration o(Sweder.The "oa Army Museum A:I6Y.Swedent ferlings IMS266 CZ) Hardft 0 Ded. Wpwa'asAihr rvmadow
Ewyckdpe~ fuou 5000 ac to~ AD 2CK. Leicester, England- Gally Pres (WH Smith and Son Limited); 1I4.
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lF.5 10-4. T.Gra 't'fc(mkethrower- 42. or mnbert'kkd launcher, %%a% touti '. i: fired a oLtlt.hti
a range of 4,W7h vard'. Liach rocket contained .eiren tubulwr ,tick% of ~.Ipettiant fAMfxrWd of mntri-CAelluow ari d~plycol
dimmiet An ek-ctncai firing mechantm %%a- u-t. hw e c'.wwi ognl u'.e forcht-uicial or 'nubkVbhar.r..g--.,
m~ithdigawne wto the nam Ilm mi ci. high -exploma e, ant: ifr'.onml n,% ket-. were added J %urw. AD~US Armi Olfktft't
the (+ief of Ordnancev Catah-me~ utk I iiewv Ordnanuu' A1141tynd Vol 1, (.rtmin (R) Wa~hrngton, I X Office tit the ( hef cit
Ord.ance I 'ctj% !44; 3X )US Arrnm Ord nantv~luwum Abe-rdeenl Inm~g(.nwnd. Md Aktces..:ol-aIeORD-
I MAR-; HIS (3) U% Anrm Ordmince %lu'eum AN-rdeen Priming (Grtijnd,.%Id Acc-a'.:cn 1-lie WO RI)- I*VR-;XK

encloW the p-rwe around its gun breech Hexmse Mcdlenry in the lafitriore, Miwrvland, harbor dunring
ventilation wa'. often irtadequate, air inside Int lank the, War of 1.102, an event that inspired FramN ~Ix-twt
quickly bocame opprctsmve and it %ws painful for the Key to include the words -lhe rocket's red glare" in the
crew to, breathe-" When under enenwv fire., the 4crew *.'ng that btxame thel.United State.' natintal arithem.)
could clo..tall the tWtak hatche.. and be relativelv prur- 1 Ioiiewr, rifk's and ianmnon' were generally mo~re
tectted from the u'ut~ide threat, but then they were at 1oularthancit6-s,and rocktL..ereurr.afeand had
greater risk from their own gun's cximbu..tion prod!- to be hand nmade. A%. Lite a, World War 1, the only
ucLts inside the tariL Ceilwaar o-1.te rs razet prox'elant used, black poiwder. had itsbetxlghtly
to priltect thems4hvesin the field byw caling thtinselve. packed into the nicket by hand to achieve a3 hig,,h
inside their fortificaition... Rtapid-firngng mhine guns degree of comprkesi'.on when burned The lightl%
prodluced dangerou.. level, of carbon, motwixide from packed pr(IpelLant hbad a tendencmy to Kxmei. brifttle.
inCtimplete priopellant combum.ion inside thew. en- crack, and e'uplodc.. Thtese rocket.. were corinslcfer
clo~c. forlification'. for the fir-t time. the ga% pro. tino.fe and uns.uitable for 6w. in front ln'.
ducxed by the combustion of propellant'. was. it'elf lketween 14:16 and 1"44. rCteat Britain. (er-manv,
rePorted to be the i-ause of ca.ate.and the United State-. initiaited the development ;)f

The earlie'.t repxorted uw. of rocket-. in warfare %%a%. improvemd rocket propellant.. ,%afejndrevhabk-clmrgt-.
during the 's.gc'g of Kaifeng, China, in %i) I-tN). rocket that did noit have to be tonipre:-,cA0 allowed for the
exivprimentatiofl.1 deieiopnwriat and use in warfare n-ia.. produc-tion of rocket ttube.. and oither rocket
o~tntinued .polxradscallvthrough Wotrld War I (Rock- part. T1helnI'h prtIVIling charge "on-4i..tedof nasro-

et%. wenfred by~ Btish troop.. at the %.icge (.1 Fort gly-erin (;(P.! m. rutcelitilo'.v (4'; 3. and carbamite
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Combustion Products of Prupd1ants .d Ammunition

Fi-. 10-5& The V-2 was the second 'Vengeance or -V' weapon devwoced by th- Germans for use against Ergland and
B•elgium in reprsal for the allied lomabngs of German dttes. The V- o: -buur ho.* was a pilotless aircraft- whereas the
V-2 wi the first inertially guided ballist missileand traveedl at 3,600 mph. FRxmPeennwndeontI altic5a ,about 1M
werefired at England; over2.1 W'eredirected at An"twerp;and about65Omalfurctioned afte.firinganJ neverreached their
targets. The V-2 was 45 ft 10 m. long and 5 ft 5 in. in diameter. It was powered by lhqwd propelbnt (4 tons of alcohol and
4 tons of Ikid oxygen), wbich were pumped into the motorat a rate of 9 tons per minute. The rocket's total weight was 14
tornm 8 tons of fuel and I ton of explosive. It reach-d an altitude of 75 miles and had a rangeot 200 n'-s. After Wod War
II, abcut 180 scientists from Peenemundeand 300 fir.,ht cars full of V-2 parts werecaptured by UtS ArmyOrdnanceexperts
and taken to New Mexico, where the V-2 rockets were assembled and test-fired s the first step in the developrnet a• the
United States's ballistic missik- and space progrms. Sources- (1) Grrman E£x'ositv Ordnance (Bombs, Fuxns. Rol•es,. Land
Mines, Grenas and Ignitersf TM 9-19.5-2/TO 39B-IA-9. Washington, VC: US GM 1953: 209-215, 346. (2) US Army
Ordnance Museum. Aberdeen Proving Ground. Md. Acce-sk File OR&-AMMO-919

(9%). Carbamite (diethvldiphenyl urea) was a contaminated emtvironment have marlkedly increased
gelatinizerand stabilizer. The United States formula. the risk that soldiers will be exposed :o the toxic
timnwasniLoelluuke(approximately6O% and nitro- products of propellant combustion. Since the I970so
glycerin (approximately 40%). Diphenylairine was increasin5 concern about chemical carclnogenicity
used as a stabilizrr, but apparently in very small and mutagevicity has created a broader perspective
quantities? for examining the toxicity of propellant combustion

During World War 11, the antitank rocke. and tube products, extending beyond the acute effects.' As
(bazooka), the45-in rocket launcher, theGerman 300- they did in World War 1, gun breeches oi armored
mm Nebelwerfer 42 (which fired single rockets or vehicles still open into crew compartments; firing-
multiple rocket barrages? and free-flight rockets (such tube exhaust and vehicle ventilation sytems are
as the Gcrman-made, liquid-propdlant system V-2) still necessary to evacuate combustion gases.
were developed (Figures 10-4 and 10-5).' These three Additionally, the development of impromvd military
types of r-ckeis generated larger amounts of combus- armor that was very difficult to penetrate triggred a
tion products per unit time, resulting in a gre-,.tcr search for proaectiles of greater density and strength.
potential for exposure to the soldiers who operated Thisled totheindusikmofDUin25-,105-.and 120-mm
these weapon& caliber projectiles and gave rise to a new potential

Since World War 11. technological advances in rok- expoxw of co,%m for the soldiers who fired the
etry and other weaponry and the need for sealed xvjectiles or who would be exposed to projectile
vehicles ihat are capable of surviving a chemically fragmentsY"
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COMMOMTON OF PROPELLANTS

in most military weapon propellant systemns, the ably mketedatbae, onetktwuisupporta health
initiation ofan impetus (usualy a percussion force or hwaard assessent (see Chapter 6, Health Hazard
an electrical stimulus) causes a number ot diffecnt Assessmntsh), can be assemble&.
earget chemicas to burin nseries (Figur 10-). The
corn as-o thnesee wgetic materials varie~s amnong Primers and Wpiter
pruners, igniterswid propellants; and the thrediffei-
entcheiclmus used varywiththeweapomsystein. Pyrotechnic devices (which we call fireworks or
In small-cahlbe ammunituion as measured by the d& signal flare today) are alleged to have been usd oaer
atneterof beprojectile(genraly considered tobe les 1,Ml years ago. However, before the It cenutry,
thian 40 hlth ed in th 5.6rmMlb rifeand liMe if anything was recorded about the manner in
the 7.62-awnmachine gun), the primer usuallyignte which the burning of the ener~getic chemicals in these
the Propellant charge In larger-calfber amuiunition devices was started. The first modern prumer, which
Liu&i as that used in 155-mm and 8-in howitzers and cmntined potassiumi clorate. charcoal, and sulfur,
105-and 120D-mm tank guns), a booster charge known wasjrobaby kveiuel by "foryt in 1807 (Tamle 10-
as an igniter, acts beween the pritrrand fth propel- I)' The first high epo~sive thiE chnical (nitno-
lant. These variousmixes orduarges(whicharesow- glce~in INGD, whtich was developed by Sobweo in
dames reered to collectively and incor~rectly as "the
propellantt") are desined and developed by ilierrdsts
and ballisticians to (k) achieve the desired proJectile TBE1-
motion~ insde and outside the firing tube _-M (b) TAL10
deliver the projectile payload accurately over a sped- COhPAOSII1ON OMP3TERS AND IGNTr=
Wie distance Other considerations in the cisemical _ _ _ _ _ _ _ _ _ _ _ _ _

designand development of chargeshicdude thptn ftimmr lapedleut % by Weigh
tial tocsity to humans fron componera chtemical in-
g~dienb ~adcnbustionproductdutephys~idaufety Ftirt mwocim Pota~ssum chlorate 70.6
of mnanufacturing worker and soldiers who wrill us~e aiazwi 11.8
the prope~Lantand amununtioruthestorage life of the Sulfur 17.6
propellant and the pmeervatkin and exterzded life Of A7 oshidate53

ciafy the firing tube. Lantfimony utde 2
Ah Wpersonneli wh~o evshiaie potential or ac-Ledtocat 5

tual toxic exposure related to energetic chemicals in TNT 5
the fpr~tIon train often have dlifficulty locating any- f;A956 Lead stypbnat 37:t 5
thing more tha imprecue qualittiv and quanftit- TettaCerhe 4 * 1
tii-dsaipticasoithediemical momes Additionally, Barium nitrate 32 ± 5
toddtky stodies of cobmbu~tinprodndts are also diff i. Anftiony sulfide 15 ±2
cult toobbimr Tsearemet learn two reaos for tbis Alum;UUinpowder 7 ±1
first, the coinositions amze~ilitauily important and M"TN 5 ±
maybedlaimedor mathinco roUed i luthir relea-e GUMin atac < I

'Of Gamfocus ona potashuninitrate 761*2
amm Of PPAIW:UjM'ea0 Charcoal 14*2

I Sulfur 11±1
As, .a 86;AMPpkysicimm and- animsi in-

way nm~a toessiy~~ o odce dmaoevener

imein - Wt~icty-'&"a: may not- exia~taeiP&Fftcs GaNSpukaWs VookC~Vidge.

iu~onm~mmityA~d~SIy, ~ 3MM/V 0Z TeeQ. Pfits. be "ay SM. ed. Emc"dap f

acenibmy needtobeimnimdbueav w Dowtioa GusRD& IW&32-W*
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Hg. W7.7 Percusson prbnmesi milta m niinmay be ddaerrnite(let) crcnktr~e (r*Wight) ndeutnflrf modW
theprhwreaeI HCmaeubplodaced dthemofebomeoftheshneflmiringfprtk*sdemothermnwlalm
cmasdtwbtepeiou hun uroftoefthepd.wRla eprivmmreenea~yrestr~cdted W2-nomoiE~w
ammiualdon which bs eoduuvdy used inmcmwedal sportig wininlln and k Wako Wd by the military Io a Ladte
degree fat b ftrann purpomm Ini ce-derfiv anmnuiltomi the box or cup conftaibf the prfimeris locwtd ki th crne oldt*
bue ofthe shelL Thfigure bove la rxeprsnlaliv mteurfe box, but there awe many i-arletk of CwntfirBe percankxi-
frn eco watiom The me~tlWedb~nu the cup mybeabra.afly (7% c waidM3% uncovnmothamelal ratoy
doat wil provide the d~e* smitlviy to the applid pavwskua (cmm Adapled frcnCAxos TQ. hrm's n bKAYTSe&
Encydbpe& of Eqkxveis md Rd.fg 1temm Vol & Dover, NJ; US Aramamet Researh and Developamst Commnhd, IM7
P372n87

1846, and other significan fimprovements in engetic poiind and was p inwqwaedI a sandard primer
materiakhinelatterlgthcnt~wy,stimulated Intemi1mi& called FA95&"
and Innovations hi the physSWa wnd cemnical mamz P~mlmixu mresae %velped to(s)fir-ewhmnthe
used to activte explslv and proellan chages imprtos oftdse *itmn is Mted, () propeat
WAthn the scope of most of the ducwuscn In fthi the 1igntims trai cam they wre fired, and Wc reliaby
chapter, thehimeas that begins theceposiveor igoi- perform the first two fumdions under varios condi-
tim train can becvasldered tobetithra prunwsor tins For 1 -m F P6enevircuinealtemperatomemay
an eletrbica fore (Other mnsmtoblI~atemeerietic vary considermiy and the presere applied to shell
nsaterWa~ wxbc as hkricto hav been used to c leser csn hthue ecna rmr wil differ with
degree.) In amnuniniton the percusson forme is ap- differet wmpcmsyas.m (?~Amukzdmdi~oassia

of the end of *the shell caigm(iie IOw) aivlammetsJ Additiowymey thepacs fonfrm ap-
Darft fth early 1IDS, a prier with a mermuy plied o ergeticpumerziurecwu~beV**hr

fukitmebes(whlchisbellevedtohaveoullatedln low, I mdg " ndeugia~sEfsa
Austria was widely used in the U-S. Army. Arotnd em~ Astheamouatoatpsudeu"iesau the
1917, the arm switched to a ncnonercuuc ferawl, nnswityiveothepimwnmmuute hti.nd. hved
cAlMeFAOOwhdichontaied potassimclorabe~an. sera"iit is mcocxipimid by auw Wm wd
timony sufidle, lead thicanate. and ftrntdbx*3e and soha'aoystocnA~thejp.uur&woeadby
MMm A varian (FA9O)I, which cntaine antmony moddyim the ciuspasitiw of the rhiur-sdil

sulide and pntaeryflubtcl WftWtairt (PEIN, which The ipilc train is roclums reuuly culif ean
replacd Mhi, was used in cablbe 0.50 ammunitoo. imeu.deriisdi~udun h Mw petiw

untauiu at decvsnpotod on firiug to kern po- bs an electr icampuhed to*uwi m ab # I ddgh
tusirnm chdosde The pobulm chlorde was depes- wire or aqmwr Io the pnewa, whbch no* comns
ifmd in the Sum bnd and quickly caused extensive KRIO 4 4 Mwe current ewo"liasii thedrehipmer of.
ruming. In I %4S, lead styplinate was chosenm, fros e mpfti~ishkwammyrodw tomblimlzethe
auwg several candidates as the replactume nt *- pen aducmio of any i ibsta jundiced. during fkfin
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that could reveal the firer's position (provide a battle- Nitro-based propellant charges typically contain one
fiel "signature"). Sabstances of concern are those to three nitro compounds and z wide variety of othfer
that could be detected by infrared sensors or that are added chemicals that are introduced to produce a
visible to the naked eye (such as smoke or muzzle particular, desired effect (Tables 10-2 and 10-3).
flash). While KBNO4 is not entirely smokeless, it is
considered an acceptable primer.! Double-base propellants are more powerful than

Routinely used igniter mixtures are reported to siigle-base thowevrtheysuffrfromhig
include black powder (petassium nitrate, charcoal, prpeflt-stemperturesthaticancause"essive
and sulfur), ritrocellulose, mealed gunpowder, finey* barrel erosion and muzzle flash. Triple-base propel-
divided smokeless powders, and /oirother substa n~es" lnhts are similarly powerful, but the addition fcool-burini nis e d a o sb cine reduces tie temperature of

the gas to near that of the single-base propellants.
Gun Propellats Other ingredients dded tosmoke spropellat•s are

used primarily to cntrol Ithel burning rate and (tol
Allsolid propellants other than black powder are suppress deco posib•n during storage.Y"

known as smokeless powders, altlu ug" uwy are nei-
then-powders nor completely smokelessY The basic Recently, compounds such as thenitramine propel-
"typsamnghese inclsde the single-base, which are lant RDX (research department explosive, which is
prepared by dissoling nitrocellulose in ether and also called cydonite see Chapter 9, Explosives and
alcool;- the double4- which are prepared by dis- Propellants), which have traditionally been csid-
solving nitrocellulose in nitroglycerin; and the triple- ered explosives, have been used as propellants. An
base~which are prepared by dissolving nitrocellulose RDX-based propellant is now included in the M900
in nitroglycerin with uitroguanidine added to reduce round for the 105-mm tank gun. The combustion
the temperature of the mbustio-produced gas.&Z productsfromthispropellantareexpectedtobediffer-

TABLE 10-2

TYPICAL COMPONENTS OF NITROCELLULOSE-BASED PROPELLANTS AND THEIR FUNCTIONS

Component Application

Nitrocefluloose. Energetiepoirneric binder

Nitroglycerin. inetrol trizutrel dietliylene glycol dinitrate, trehylaweglyco! P1sblieMs energetic
dinitrate. dinitoholent

Dirnetml~y;-iethyl *rd~my Iitha lates, tiutiactn Plasticizers! fuels

Dipbenylatntnegfittyl canabre2-mftrodphenyIanune- magnesium oxide Stabdizeii
Organ=aad iniorgznic s-WsWo lead.(led starmae, lead siterate, lekd salicylate) Ballistic modifiers

Carbon blak acfe
Lead sterate-grzphite.-wax Lubricants

Sufl'- I--- ;ptasubiutr yt ite(p)Uss~imn aluminum fluoride) Flash reducers

- ~~xidizers: inrac
RDX. HMX. nitrounkine and otertw-ntrammie Oxdidze-ogai

Lead carbm-t e. tin Defouling agents
Vandie. attralibe, Inert materials to deae.e erosimo-

Graphite Rocarbonate steel barrels

A,.pte4otm= t xapme awndm•dpope mt- Im Kh, RE OGher wP. edi. E•,ydqvdae ojCe Ya*u V.
Val 9.3ed ed. New Yark5*nVik-ftU m Addi M Rams wr~ oMt RN. Dr- Lo& S, etat Pftbku Diftfim~ ShlyvwTvknaqir3
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TABLE 10-3

COhIMPOION AND SELECTED COMBUS71ON PRODUCTS OF CHARAC113LS11C
GUN PROPELLANTS

_ _ _ Nopdlmb
Ml Mw me MIG MIS M17

Composfitmnwt %l

Nitocelulose 85.0 82.0 52.2 96.0 20.0 22.0
(ntroen %) (13.15) (1325) (1325) (13.15) (13.5) (13.15)

Nlrolyen -15b0 43.0 19.0 21.5
Niftoguanldne- - - 54.7 SO.

Ethyl cetrawie- 0.6 0.6 - 6.0 1.5
Dphomy~azine .0- - 1.0 -

Diidtrotoueew 10.0 -- -

D"ibtlplithate 5.0 - 3.0--
Pohassum nitrale - 0.7 1.2--

Banumnitrate -1.4 - --

PotassiwnasW~fte 10' - 1.0-
Lead cabonate W. - -

cry"~e- 0.3

Grapit - 0.V .0'- .3

Combadkoa Poducts, mYl/ x 10

OD 2.33 1.61 128 M ~ 1.45 1.15

CO2  C.19 US4 0.66 0.40 0.14 0.25
H2  on8 0.34 0.19 0.4 0.2 0.57
H20 0.64 1.6 0.l1 0.99 0.8 1.07

N2  0M44 0U8 0.54 0.46 1.29 1.30

'AdWifd mpU~cd
*At bashgdomq of a2 g/cm

3oe.i..New Y*&orIcwlmWiey 19M62.

Qmkmm* Aviorfts f m Sgusmf Vol !.Oak RMieamOa ~Rk~Natiaml~oanmy 19L FWAI ftpamtADi*NO aI/V1.
R 1b Cupmr EL PMopeWAaSSolid lit Kayc SM.ed EXdriqddmo ~E~gmiadvea R-b *m V,-4& DmweNJ US Army Aaminmu

M md vve~PowsmCaawd. 197&40Z73

kl. ~ dpropeftrfwiabamudlh ter 6, IHesh Hamaid Aassuenmab), fth Patrio air
I e hydrogen qyande and nitrow oxide (w'uhh is defense sysem. ar4 the Multil Laund Rod*tSys.-

nbga*ivey nos oiwmared to dme& other oxides of tern £%4L, me dIfferen from those wsed in fifes.- areproduced.pist* and utdlay piece Sucýh~ rdcet fl*M
depends on the solid fuel's buming so tha the Same

the prerequired to thnas the -ad, it fra
btsomm repec ~p eliAns msed in v acketesd vj Oewabl~e~its imprtantin propulsiwi s relaed

sthesoldlet,-held ngaidowm tm64Cap. to the tWWa surface arm of the propellat mbrture that
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is being burned at any time. For example, consider a surface of one end and burns lengthwise to the other
rocket propellant charge filling the entire circumfer- end (as a cigarette bums). Depending on the burn
enceof therocket (wal4o-wall) and runningdown the method desired, the primer compound is placed in a
long axis of the rockeL If the burning is initiated in a center hole or on the surface at one end of the rocket.A'
simple longitudinal hole that runs tlv- length of the The-double-basepropellants of World War ll-era rock-
propeilant change. then the largest umrning surface ets usually burned unrestricted. Since World War 11,
(..nd the con-omitant greatest release of gas) would however, the burn of solid rocket propellants has been
occurat the last instant of burning. To produce a more controlled by selecting both the demical composition
even burn, the center hole can be made in a star shape. of the propelant and the method of burnung. 5
In some rockets with wall-to-wall propellants, a center Double- and triple-base nitrocellulose propellants
hole is not used; the propellant is ignited across the are used in rockets (Table 10-4). Based on theirballistic

and thermochemicalthermodynamic propeties, pro-
pellant A is classified as low energy and propellants B

TABLE 104 and C are classified as high energy."'
COMPOSITION AND MAJOR COMBUSTION n 194Zworkbeganonthedevelopmentofcompos-
PRODUCTS OFTYPICAL NITROCELLU SE- ite rocket propellants, which usually do not contain
BASED CAST ROCKET PROPELLANTS nitrocellulose or an organic nitrate. However, they

normally contain a fuel such as metallic: aluminum; an

Low Ener" High Enaw organic polymer binder such as a synthetic rubber,
which is also a fuel; and an inorgani oxidiing agent

PropA Prop 93 Pop C such as ammonium perchlocate (Table 1 0-5)
The Stinger missile is a shoulder-fired rocket that- Of P pUlama, wt% provides air-defense protection. It has an infrared

Nitroceulose (l2-6% N) 59.0 20.0 22-0 homing device that klentifies the heat emitted by its
Nitroglycerin 24.0 30.0 30.0 target, such as aircraft The Stinger has two rocket
Triacetin 9D0 6.0 5.0 motors. When the soldier fes the missile from its
Dio"I phhalate 30 -- - launch tube, thesmall launch motorcarriesthenmissile
Aluminum - 20.0 21.0 a safe distance away; then the flight motor ignites the
HMX - 11.0 - composite propellam which propels the rocket to its

Stabilizer 2.D 2.0 2.0 trget (Tabe 10-6). The combustio product of pr
Awcxmum peite, -- lib 2D. mary medical concern in the Stinger missile syte is
Lad cskw2* 3.0chiore -. 0 hydrogen chlori'de, which is equivalent to h yd

L~eod steszt 3.0 -- - tic acid when in contact with water vapor.
Cobumm Products Compotltio mo l* C g Research and development efforts are underway to

C 2.12 _ improve the composition of currently fielded rocket
(0.3$ 0.05 0.07 oelants. Thesedforts amdirected toward reduc-

CO 212 1-3 1.15 mgcost'nmprovingsafetydecreasingthefiresbattle-
H2  1.0 05 Q field signature, and/or reducing the possibility of

H0.66 0.75 03 adverse healt effects f propellant combustio
N2 0.43 0.49 0.3 product toxicity.= For- example, currently available
N2  0. 0. 0.49 038 compositescontainingammoniumperchkorateareun-
b0.004 -- - acceptable because (a) the hydrogen chloride pro-

- 0.35 0.,17 duced as a combustion product of ammonium per-
H - 020 0-23 chlorate forms a white cloud of gas that reveals the
OH - 0o05 - fires position and (b) the gas can produce adverse
Other -- 0.15 - health effects in humans. One consideration is to
HC - - 0.10 replaceammsiiumpechlotatewithRDX(hexahydro-

_____ .l.... 1,3,5-trinitro-l,3,5-triazine) or HMX (kigh-melting
R1dtw1 wn 3 Mmicm f u w V.& •t Il V. 1 .W Io ep ve octhhydr•-1,3,5,7-teranitro-1i,3,5,7-*etbazo-
SW&r Envt/- ra, cine). These two high-energy explosives would in-
V7 9. 3d rd. tNw Yoak JAm w'e !9f 60 Adddx wm. cree tIfe semitivity of the propellant (making the
Ros RK PA M Ws. et &P•a E,,utm Std o TdW propeliant more susceptible to explosiors • and would

1 Co.ft*qw PnhKAs OG" sr.WtL Vol 1. Osk Rloed Team: require flC ther coification of the chemical con posi-
•dv Nmiow tmaawro 19 Finar R•vou ADogNL4-6334/Vi. ti to reduce that senstivity.
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TABLE 10,5

TYPICAL COMPONENTs AND CHmAAcFrmusTcs OF COMPOSITROCKETPKCELLANTS*

COMPOnentS charadezilUcs

Binders
Polysulfides Reactive group. rrwrptyl (-SlH), is cwvrdt byoxk Ti eactiss, low

solids loading caaytarudieatively lowj prfomaacermw mostly
replaced by other binders

Polyureathaes Reactive group.hydrxcyl(-M~)Ix% w biocyanauNtermertate
polyethers solids loading capeatyand Me m rie

Polybutadienes copolymer, butadirm Reactive group, carboxyl (-COCH) orhydiuxyl4-OW,) iscand with
arid ac~ylic "d difunctional, epoxides; orazr- din

Terpolymers of butadene, acrylic add Supeio physical properties ami imap stabity
and aaylowhtre

Cazbox}Mrmninated polybutadlene Cured with difunctional epoxides oraziridines, havevyawemfis,
loading capacity, highi performance, and good Physical pmofe

Hydroxy-termlwtM polybutadiene Cured with diisocyanates; have very good solids haadiing pumant
daacteristics and good ca rprte nd~~t

Ammrnonurn perchlorate Most commonldy vsed oxidizer, has a high denty,?ers a traura
Wuring rates, but produces smoke in cold or n ttmip t

Amnmonium nitrate, Usedin specialn caesoenIby hrosoycaq&JMl f9 unege prinei.as
slow bumrIingzae.forms inokeless.combustion praducts

Hqgh-energy explosives %RDX and H[MX) Have high ewWtJ and demdqr, produce sinokelew podu~ws,.v="es
of low burring rates

Aluminum Most commonly use.h de",- podiaes-aa Wia -im VedpsL
kimpube and =moky w4er vaie malumof cmbw r

Metal hydrides Provide veryb1ftinruzulsbut g ~~q ~ib~ys
productsilwdesnil

Bal~intic Moadimi
Metal oxid
i'eroceie derivatives P g a i einbrrtingrs
Others Cool mw,*vbt meautad-vio special typaes balliic dmodfes

Modijiers fm Physical £Characeffistics
Plasticiurs Inpwepbyj oprteat loss tmpatures and processabltrymay

vapes~ernhpaw-can IiocremeewneWg if nitrated
Bonding agents Improveadimiofsrd to swils

*bn 1942 * the Gu*gphehn Amxuautical Libomky~*feZ~w bwimedTehmohfy. work b~an on the dvvdoýiai of cust
com Prodpenuflat kwr rodift Tile Initia fo.pap. maftiyz Sq"U MWd '15 poftwckm ae.**

t ~cd mve~mweskm o raw producttos fin" "7mda .a I Ianls~dwahths l~i cl~hhid
physcochr~aldimns~ Surcefor his I~ied. New Yorlc Van Nostrard ReirdwK-d 198t.

sofids ladbg capac" Alows nwre ~nidaer tobaka~s6ms~weg Source for this deldiosc Chew &. Ptpbow'hit
0teiitRdw rai ufvr ALPrelcn~wiwI*e 2

RDX mercwh department explosive
HMX- high u"dtuig expsive
Reprined with pnwuon fotm Utidic V- EqAosivesand pouf - bcl KL unerP1~,e Em d~woChwwd aTerhdvjr. Vol
9,3rded.NewYsxckh.WWiler 19ft624.
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TABLE 10-6

COMPOSITION OF PROPELLANT AND COMBUSTION PRODUCi•.• OF STINGER ROCKET MOTORS

rr IIInIl ietI Propellant CIIibIIdoa PIudu& mUOO &of I pmI lla
Launch Motor Flight Motor' Combustion Product Lauch Motor flight Motor

Ammonium perchIorate Polymer, carboxy CO 0.551 0.944
terminated CO2  0.539 0.045

Polyvinyl chloride Resin CI o 0.003
Di(2-ethylhexyl)adtpAte Epoxy resin H 0.869 0.009
Copper chronute Chromium octoate HCl 0".7m
Aluminum powder Ds(2-ethylhexyfladipate H2  -- 1
Carbon black Lecithin H20 0.925 0315
Stabilizer Ferric oxide N2  0308 01290
Sodium dioctyl Aluminum powder A120 3  0.018 0333

sulfosuccinate NaCl < 0.001 -
Glycerol monooleate Amn-omium perchiorate Cu 0.009 -
Penta•ythri-,l dioleate C" 4  < 0.001 -

H2S < 0.001 -
CuCI < 0.001 -

Cr20 3  0001

"Quantstative data are protected by secunty cssification
tOgly the "boomr gram was tested. Test resultsar susctbect b see of discra in predited and obeved conbusbt product values
Sourcesm (1) Bourke KS, Redstone Arsenal, Huntsvile, Aia to CDP, US Army Environnuental Hygpene Agency. 9 June 1966. Wntten
communicatlon. (2) Cross k US Army Environmental Hygiene Agency, Aberdee Proving Grocnd, Md. and Cox R, Redstone ArsenaL
Huntsville, Ala. Telephone communicatnmi 22 June 1992.

Some rocket sci-ntists are advocating a return to caLs): inhibited red fuming nitric acid and unsyrn-
liquid propellants or bo-ne modification of them. Us- metrical dimethyl hydrazine. When these two liquids
ing propellant chemicals like those found in the Lance come in contact with each other, a hypergulic (self-
missile system could eliminate the need for perchlora- igniting) mixture is formed. Scientists currently be-
tes and could therefore produce lew.-detectable corn- lieve that containers can be made leakproof, even
bustion products when fired. However, as dbcussed when the rocket sustains combat damage. Rockets
earlier, the use of liquid propellants is associated with with leakproof containers could be charged with fuel
concerns about safety issues and, as they were used by at the factory and arrive at their destination ready for
the Iraqi forces in Operation Desert Storm, can cause firing. Furthermore, the chemicals that combine to
operational delays because of the time required to fuel form thehypergolic mixture do not necessarily need to
them in the field. The Lance missile system uses two be liquids; using them as gels may provide an addi-
liquids (in addition to otherennyticpropellantchemi- tional safety factor.!

COMBUSTION PRODUCTS OF PROPELLANTS

The qualitative and quantitative exhaust emissions * the pressure and temperature in the gun or
from the firing of a gun or rocket to which a soldier or rocket motor;,
civilian workerwill beexpesed depend ona multitude * the density of loading of the energetic -herni-
of variables including cats (g/crn3 );

* thermal chemical, and/or mechanical eros,:
the chemical composition of the primer, ig- of the combustion chamber, gun barrel, shell
niter, and propellant; casing, and projectile; and
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the meteorological conditions during firin& contactbetweentheresiduesandlheperson'sskinand
Indud rig humidity, wind direction. arid speed mucous membranes.

Emissions from burning energetic chemicals-for
The only sure way to determine the nature and individual and all components in the ignition train-

degree of exposure is to collect samples for quantita- are measured in laboratories. However�, the laboratory
tive analyses from the pemon's breathing zone and/or setting requires that arbitraiy decisions be madeabout
to analyze solid residues and determine the extent of the types and sizes of test chambers or devices thatwill

a

*: ( tc.&

M*W tf 57 FUIjgg

b

S*Mfltm.G CIUJIOCaS PLASTiC �

k' ragec
II SAWIC Off

511W. CASinG

C

FIg, 104 Laboratory sampling systems for ld�.ntifying propellant combustion product.� The enclosure for studynig
emisrntheMl6nfleshownm(a),was6ftxll.7andcontainedl33LThedumnberwasTeflopcoatedtomininuze
gas absorption and was kept tight with 0-ring seals and valves. Afterfi u.bercontentswere evacuated and analyzed.
The rank gun system was constructed in a bunker. A manifold orcollectingspecimens was cowu'ecied to an adapte� which
was a sawed-off shell casing. After firing, the end of the flung tube was covered, the spent shell casing was removed, and
the sawed-off shell casing with marafold collection tube was Inserted. In (b), the collection device is being insertad; In (c) it
Is fully inserted. Specimens were collected In the sam gcyhnders. Source� Me P. Eisenberg W, Gordon S. Taylor K and
Snebon A. Propellant combustion product analyses on an M16 rifle and 105-mm caliber gun. J £arvirw! Sci Health.
19S5A2�X3)-337-368.
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be used to collect emissons. Laboratory tWst condi- During the 19fs, AMEDD emphasized the major
tions cannot and do not take into account all the combustion products: carbon monoxide (see Chapter
potential variables that will influence the exposures 11), lead (see Chapter 12), and, to a lesser degree,
received by personnel who operate the gun or rocket ammonia! The irritant properties of ammonia could
system. Twolaboratory test systems have been used to significantly detract from soldier performarce on the-
evaluate propellantcombustion products: one forrifle battlefield. Otherspecs(NOX thegenericexpression
firing (5.56-mm M16 rifle) and one for 105-mm tank for oxides of nitrogen) can also be formed. Under the
gun firing (Figure 10-8). Data collected from such correct conditions, ammonia can be forned as shown
laboratory test systems help in both assessing the in the equation
potential for harmful exposures and investigating ex- N2 + 3H2 - > 2NH3 + 22.0 kcal
posures that allegedly resulted in morbidity, mortal- lrintheexhaustwhhareformedasaresult
ity, or both. In drawing conclusions, however, the
limitations of these data must be recogized. Addi- Weapons modernization occurred rapidly in the
tionally, in assessing reports of the qualitative and 1980s and with it grew c about the adverse
quantitative composition of energetic materials and 1ealt effewth ot srew o perat the a er
their it health effects on soldiers who operated the new
often impossible for the AMEDD assessor to deter-
mine if the writer is addressing the primer, igniter, or
propellant component, or a combination. TABLE 10-7

APPROXIMATE COMPOMSITON OF
Primer and nt COMBUSTION .RODUCIS OF

BLACK POWDER
Data are not readiy available on the chemicals BLACK_ _ _ _ _ _ _ _

emitted exclusively by the combustion of pirmers•
ThisJackof data isprobablyexplained bythe quantity c...o....t wets()
of primer used: primers contribute a very small pro- " ( cofponents)
portion to the total amount oferergeticdcemica In an
igndtion train. When evaluating total emissions using Carbon dioxide 49
systems like those shown il Figure 10-8, it is often Carbon monoxide 12
difficult to determine the specific source chemial for
a particular product of combustion. However, prim-
ers often contain antimony, barium,lead, and possibly Ydrogen sufide 25
otherchemicals that may notbe found in other ignition Methane 0.5
train compounds.'' Water I

Descriptive data on igniter combustion products 2
also are not readilyavailablein the scientificlitera Hydrogen
probably for thesame reasons that primer combustion TOTAL 100.0
data arescarce. However, blackpowderhas been well s of
studied and the approxmate products of comboustion
are available (Table 10-7). Potassium carbonate 61

Potassium sulfate 1s
Gun Propellants Potassium sulfide 143

Catban dioxide, water, carbon monoxie, hydrogen, PotaWium thocY" te 0.2
nitrogem and nitric oxide together typically constitute Potsium nitrate 0.3
approximately 99% by volume of the total mixture of Ammoium abmte0
propellant combustion products?' The primary corn- Suur
bustion products of most propellants ame very similar
an generally are onsidered to be predictable from Carbo ni
the charge composition prior to combustion!5 How- TOTAL 1001)
ever, thetotal numberof detectable, different chemical
species formed during weapon firing is great Ninety -with k th Ll V. E-p1Os am PwpeI-
were reported from tests done on MI6 rifle firing and Adap• wix.nkM& fo
70 were associated with 105-mm tank gun exhausts. 4  vaiS. 3r1 ed. Ne& YNeok jot Wail ift a&0
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weapons systems? Asa result, propellant combustion TABLE 10-8
products were evaluated more thoroughly. Other A EOW DW ERGENCY
inorganic emissions (hydrogen fluoride, hydrogen EXPOSURES FOR NITROGEN DIOXIDE
sulfide, cyanide, and sulfur dioxide) have been de-
scribedand a largenumberof volatileorganiccornbus-
tion products have been studied qualitatively and Tie Lkmit (nmW Concenration ppm
quantitatively." 3 01

After theycompleteanartillery firingmission in t 30 t0
field, soldiers routinely bum any unused propellant. I0 25
Large quantities of propellant and propellant-contain- 05 50
ing munitions have also been disposed of through a
controlled process termed "open burning and open sarcew t L Execv ithi Dr, r Bond a Todwky od
detonationfm' The emissions produced by open burn- 6 Hefth Hazards, Naa Reatch CmomW Cora-
big and open detonation have been extensively stud- nission oLife Sdae to Rnadiv.The Pertg•.Wadgbn
ked, and current results indicate that combustion prod-

ucts of tested propellants have been far lower than the
levels pecified by the US. Environental Protection patment (buse) in the MIAI tnk The major objec-
Agency (EPA). fives of this evaluation were to

Soot deposits generated from burning double-base
propeliantsin laboratory ballistic ranges have demon- * ensure that the bustle was properly placed, to
strated mutagenic activity as tested by the Ames SaW- reduce its vunealty;
moneia assay (see Chapter 9, Explosives and Propel- - ensrthatthebustledoorsand sealsprovided
lants,and Chapter 14,Pesticides, forhrtherdiscussion adequate protection for thecrew in case of fire;
of mutagenic activity and the Ames assay).' Because and
mutagenic activity had been detected under labora- * design the bustle and crew compartment so
tory conditions (using a gun specifically designed for that the crew would have time to escape from
laboratory use) in an enclosed, indoor environment, the tank if an explosion occurred.
field tests (using operational weapons fired in the
outside environment) were conducted at Picatinny The OTSG identified carbon monoxide and oxides
Arsenal, New Jersey. These tests, now completed, of nitrogen as the toxic gases of primary concern and
were designed to determine if the mutagenic activity asked the Committee on Toxicology of the National
occurs in operational settings and, if so, what dangers, Research Council to provide assistance. The commit-
ifany, are posed to soldiers. Preliminary assessmentof tee used NO2 as a surrogate for NOx in their discus-
the data indicates no mutagenic activity associated sions and proposed maximum recommended emer-
with the 155-mm ,5_%-mmor9-mm weapons systems genycxposureguidance els (EEGLs) (Table 10-8).3
evaluated. However, data from other tests indicate
that further study is required to evaluate the potential Rocket Propellants
health risks from exposure to combustion products
that are formed during both the firing of other, small- The rocket propellant combustion product that has
caliber weapons systems and the burning of unused been of greatest concern for potential adverse health
propellant bags after the artillery-firing missions have effects is hydrogen chloride (seeTables 10-4 and 10-6).
been completed. Hydrogen chloride is released in significant quantities

This discussion has pertained to propellant com- when propellants that indude chlorine-containing
bustion products that are generated during the firing compounds (such as aminonium perch•orate) are
of small-, medium-, and large-callberweapon-. How- burned. lnsomcases, enorm usquantitiesofhydro-
ever, combustion products are also formedand re- gen chloride are produced. For example, it has been
leased when stored ammunition bums as a cowe- estimated that 17 tons of the gas ar released in the
quence of battle damage or training accidents. The vicinityofa space-shuttle launch pad during a shuttle
modernization of weapons that occurred during the launch (fiure 10-9).2' The amount of hydrogen chlo-
1960s was accompanied by an effort to evaluate ve- ride that soldiers or others could be exposed to de-
hide vulnerability and survivability and soldier sur- pends not only on the amount generated in a given
vivability on the battlefield. One area identified for timebutalsoonothervariablesincluding rocket speed,
critical evaluation was the ammunition storage corn- atmospheccondltioi , and physical bariers that will

'.0, m• •m,|1 i 1



Fig. 10-9. The %pac shuttle Atlanti% is. shown txing launched fromt the Keiiedt 5Spave Center. FHonda. at 9 ;bai m IIDTI
tvn ~ Jul% 14.92 The brg. quantit% tof %% hilee'.moke:.umt'unding Launch Complex 3'. v; hydrogen dlrdta
dunngcombu%twon otitbhtte.eIh'rt-adoJ rtcktt propellant I'hovtigriph Courte%%o aintlArntt~
and Space Admin:toration. I hiu..tin. Tex 311 july 194#1. Ihotitograph R1'uhf-&SNVC.

contain the gas Fotr eampe. a soldi-r firing a sho-u- This siuation occurred in the United State.. inRA
der-held rocket with a prhiorate-based propellant in The Inteniedtate-Range Nuclear Forcts Treat% be-
a '.tagnant .urspaze '% ill be at greaterrisk than a soldier tween the former USSR and the L nited Statesrc.qu.red
firing the soame weanoin in an open field. that large r4.-hing mis-.iles.. ihich contained pe-r-

In mtst ca~e%. concern abotut the prodluction of chlorate-based solid propiellant'.. te di.esotnwe The
hyd rogen chloride from mulitar% .% capon %%Nterms, -.% 31 rocket motors were de.stroyedi tinthe grountib% tiring
be co~nfinedto eitxpos.-ing youn, 'generally healthy sol- them %% hile they %% ere bolfted to the ground ho'n/on-
diem- in the immediate '.iciniat% of the rocket firing tally. To protect those -at risk off tbe military' in'.talla-
I lowever, thi' .~ not alway-s the case. When large tonp etstiswr.ndud dtrmn
quantities of perchlorate-basex! proptellant are fired the hydrogen chloride concenitration'. leaving the in-
withina relatively short time, weathtrcondition-. may stallition under defined firing cond ituon:-. Addition-
carm thega'. farb1eti~-nd the frinngatea (or the militar-v ally., the Committee on Toxicology of the National
installation btoundaries) These quantities and con- Academy of Scences (*%AS.) reviewed the data COl-
c~entraitioin',. mano~t bea matteLr of concern foirhealthy. lected. procedurt-s tit te ued, and eipo'.ure crniemi.
young %oldit'rs. However, they could bte a threat ito pcfcr)rcin eeeeoe n olwddr
certain a%~ dirias such a-. infant'. children, the elderly. ing firingand included Ix-rmi'sibleatmnospheric con-
and those with cardiopulmonary or otth-r diseases. ditions, times of firingand frequency of fiinng."

CONTAMINANTS FROM AMMUNITON

Lead or tin foil: is placed in the propelling charge of Orcivilt ins workng in the firingarea. The potential for
'.omneartillern ammunition tot pro~.1cc the gun barrel lead exposure ha% long been rexognr.'ed &as a ignifi-
fromacc-umuiation~sofcoppevr When the.-edcaippering cant risk tit those who fire lead bullet'. in poo~rh venti-
ammunition round'.are fired, metallic lead or tin mai- fated areas (see Chapter 12. Lead) Bullet'. ma% al1so
bv measured in the breathing /()nte of Crew mem- ha e a coppi'r jacket. although the lacket.. are -Aome-
hem%" Other element% included in %hiell casings. bil- times made of steel ' The full metal jacket that is.
levts, and projectikl. can als %ajione or-.hear during required of all militairy bulle.ts isso'me-thing~f a isno~t-
fiting and contaminate the breathing /omnesot soldiers mer. the jacket .'n%n-kill-.lrmsammunmton made in the
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Fig. 10-10 The copper acket does not co•mpk-tely surround this 556-mm bullt, the type fired by the M16 nfle a portion of
the lead core is exposed at the bast. This exposed lead is subj•ct to erosion from the hot gases that are produced during
prtpellant combustion. However. this •ource of tead Ls minor, most of the lead in the environmentsurrounding the weapon
cotms from the combutkon of the primer.

United States does not cover the base of the bullet's ammunition or fuel cells do not explode, soldiers
lead core (Figure 10-10). Zinc bullets have been used outside the spall zone will receive injuries to the tym-
and studied, and they have been recommended as a panic membrane and ossickls, but will not be killed
replacement forlead bulletsto reduce lead exposure." outright by the hit.) Detailed data from these studies

The only two components of bullets or projectiles are not available for public release. However, prelimi-
that have raised concern about their potential for caus- nary general information indicates that exposures are
ing adverse health effects are lead and DU." DU, well below federal standards for soldiers conducting
which is a mixture of 2-14U (0.0005%), Z'U (O.2500%), their military missions. This is not an unexpected
and 2U (99.7500%), is a byproduct of the uranium- finding, as DU-containing penetrators are completely
enrichment process and is of no use to the nuclear enclosed within the round, and are not exposed at the
industry as a fuel for nuclear reactors. However, its muzzle or breach. Current assessments indicate that
high density and strength, ease and relatively low cost vehicle ventilation systems and personal protective
of fabrication, and availability make it desirable for equipment (PPE) available to soldiers will provide
use as the penetrator in antitank shells (the part of adequate protection in unusual situations where DLI
the projectile designed to actually penetrate the ar- levels may exceed exposure standards34 However,
mor). DU emits alpha, beta, and gamma radiation, DU could accumulate in and around vehicles that are
and may be contained in armor-piercing rounds of used frequently as targets.
calibers 25 mm, 105 mm, 120 mm, and possibly other Release of DU into the environment can also occur
U.S. Army ammunition.|r 4  if vehickls that are carrying DU-containing ammuni-

Studies to detect the presenc. of DU and related tion catch fire. These and all other incidents involving
connpounds have been conducted (a) at the barrel DUammunitionmustpromptlybereportedtoensure
muzzle and the weapon breech during firing; (W) in that thecorrectemergencyresponse, rapid and proper
gun barrels, after DU rounds have been fired; and (c) evaluation of any radiation hazard, and appropriate
inside the crew compartment of an arm•oed vehicle cleanupofanycontaminationoccur. Procedurestobe
that has been hit by a DU round. (Soldiers inside the followed in these situations are outlined in a Depart-
spall zoneofthepenetrating round willbekilled. If the ment of the Army Technical Bulkltin (DA TB)."'
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Penetrators and other material (DU metal, oxides, the environment from these situations and surveil-
amdoerDlUcompoundsorembr)froDUmunds lance, if indicated, fall wfthin the am of expertise of
fired during testing and training can accumnulate in AMEDI health physicsts and environmental health
the ground Assessment of the risk to health amd engineers'

IDENTIFCATION OF HAZARDS

Risk assessors seek to prevent injury arising fiam andW earing respratory protective equipmenL Ad-
the use of propelants and ammunition. Their assess- mudsta'ive conto'.sto lkit theduration of exposue,
ments ame predicated on defining () the hazardous which are incorporaed into operation safety proce.
compone the ou i mwon products, (b) the extet dumareaso very important and arediscussed at the
of soklier exposure to these hazardous products, and end of this chapter.
(W t controls avaiale to reduce har•ful exposum Inerma-combat and miany tainig scarios are
Idefyi4 whether the components of combustion characte rize by brief periods of high-lnen flr
products are hazardous can best be facilitated by ac- flu, t q u are libky to be lah In cmoemaion,
tual repot of adverse health effects. However, as but of limted duraticm. Carbon moromle, for ex-
discsed earlier, relatively few accmnts in the litera- ample, has been meamsued in excess of 6=00 ppm in
ture describe the actual adverse halth effects from crew spaces under rapid tank-firing conditions, but
exposure to propellant combustion products in te this w rdrationdecays-rapidly fiwe10-)0. The
United States ii.tayUW tnk's vehicularvenbtit system producestherapid

In theabsemeof such data, therisks to solders can decay, reht carbon monoxide to concentratiors
only be assessed by toxicological evaluation of the at which the crew can continue to function without
mixtbweorbymeestheriskbmedonkmwIedpof adverse effecon health or perfmance Thebree
thehdv oDonentsmandoxnbwtionpducts of scavenging system prevents gas fom entering the

themixtures. Obusthearbll tyofthepropel- crew coinpartmer, but once gases are in the crew
lart chemical composition and differences in firing cownartment, the vehide ventilation system must ex-
conditionscombine and cause differences in the types haust the cmVpatvsL
and quantities of combustion products formed-and Industrial workers may be exposed to much lower,
thereby result in different risks to ex;posd solders. but ohm increasing and cumulative, carbon monox-

ide exposur over a workday. TIh Occupationa
Conditions of Exposue Safety and Health Aministration (OSHA) has estab-

Ushed a pamibssil exos levd ( of Oppm for
The degree to which soldiers will be vposed de- carbon monoxide Atanend-of-shiftexposureof50 to

pends on the awmut and types of coubustion prod- 100 ppi, symptoms of headache, giddiness, and
ucts fixned, the duffsion dwwme (the ao containi- imintus could occur among the workers. A worker
natedbycombtonproducts~forexample,theiaside exposed to persisting carbon monoxide concentra-
coa tankor te vicinity ofa rocket launcig), and the tions of 6C0M0 ppm would quickly become affected to
relationship of the dispersion volume to the sold s the point of developing -nconsciousness and coma,
immediae environmenL The amourts and types of and could die if not rnmoved from exposure
combstn products formed depend on thechdinical

1a1titutin onfthepropellantheavoWthatsbumned Assemha Toxic Hazards
per firing (eg, rifiebullets contain only a fewgrams of
propellant, whereas Uth propelan charge for howit- Befixl dciotam
zerords maybesevealk&gra )amdothrphysl- requires th all sy e bein devekped or undergo-
calanddwmicalvariiAhles. Jilghrate ofweapom fire ing major revision be evaluated for their potential
wlllpoduehimonmoenaofmcombustlonpnxl- deleterious eff cts on the health of the crew, this is
ucts. These conceotratioms berome hazardous when known as the Health Hazard Asessent pracem
re•ained we&i the soldis ambient environment O• ads thesubjectoXhapter6 Aspartof ths

dch as when gum or rokts are fired fom enlosed evaluatio thearmyhasdeveoped standardized test-
bunkers, crew coump ts, or oms in buldings. ing prcedures to deer-ine potential toxic huzd of

The coadiiom of expoum also depend on the veiderandotherequoWment. Wmpomw u I bn-
meamures Initiated to limit the concentratios ofcon- satvehidkoronother weaos•platformae e

dsonpmductsvhduditvegilaingenmed spaem duris mtained ratesoffireandundervariousopera
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Fig. 341 This grapllc exmple, bond an actual memasiremen, shows typkdcas won monoxidde (CO) conctaftfios OIn
Ppp)inside thea'ewcouvpstmnent of an armorI vebiciedwinga firing missliman! UaothPI e g ofbrcm evewn
airsamp"(les (C ShOug CIO were * obtaine at 15eeod lnaerval and analyzed for W, thedata wesie euirapolaled to an

exeicnium -- w ueM aunderthecumv maybe repreniebya definiteitepalandWustales
the toalconcft**tlmol ofePmu r-foragiwnperid of time Inreashnthel lbevoifme stavienpohairspwe
the degme of wcuzacy in cakcuatg the arma In tds example, the fsrin and envkommetAl condition malted in an
estimated =wmax m CO comnotrafio of almost 3.0= "mu at appnoidmatly 40 oecnds after "izing nuamd. The
ventilatioal sysle-of the Por ldcmitnft m!pras 'eh as cven~ngsyskern.rtred theCOconcenftation
bnearbasefine levei n about2.5 mbies.Ts emqA~namlealo iseilneC )~kvel we edinglO ppM.Inth
v ldaewspac. )ulngactuafleld-&flrlgsitua tiosuI not unual to find sevewilamored vdbIclsindosepnmdinky
with theirengn nulzim, ecti h mulipl fifing missions. Theefw e high baseline Jew maybe obtained due to
tmexhaumted COfoani Wal firting lmonorCOfromangun - rleoreigineexa thathasat eed thewhldcebeing
studied through an opened batc or went. In 1963, CO levels were m litrd In sidefthe cew shlesof a battery of MIO,
155.zwn self-propelled. howitw~s at Fort SOL OUa "iin was conducted with the athsopen; the emvkrlrwWmn
condftiows esed&Dy wind direction mnd speedoncenrated exhaust products arwad one particular wedcle in whch th
catoti-i nkhntheowwfntehewmiWt hainawm edn~utoftheofheotdddehs.Soume)Da Dkonl A.Deeeer
DP, Gaydos;IC. Unpuablsbed data firow a field study perfonried at Fat S11 Okda, 23-26 April19IM, by the (Oxupet~ona
Medicine livisionor,ý CSAH) US)1 Army Cm~d System~ Tint Activity. US Army Test amd Evslotio ComxM Test
4wASati"mawrTwicllkIhmfor VU~iand0thff Eqvipw1L Aberdeen Prving Ground Md- DA, 196L ltepoetltW
2-2-614.(3) LucaTA. Mdhd Se~poiwmigek of To kcGos muemrewasDoringWe sF=WivwnmVehkWV41&Movi
Pisd RqWr.Abtrdme Proving Ground, Md: US Aumny Test & Evaluatic 'inand.TFCVM Pwfto 740.P89 l-AP
1964. Report A1GMT-5ISM (4) Dalto &AL Carbomonxd in US Azt- 1tlct wic les MeiAW Bm~tirrof the US Army

tionew auditions, so&= with dwkeminnvemtila- Mm and oouditions of mbwion of thepropeilnts
knSysknO-heatenandnUdlw,bllletmldaem- madvehide fieand depend anwhetherthee hemi-
Cal (NDC) protedon Systm efed on andW& of.Me Cal$ we ePecte IPýd to oc0M.)
itigngenzmallsowurofcosobustlmtprxoduin
the weapoins system, IWclding the wIpn poe- Shediks Tdhafi mdk Toxic Fxp csure.t
latiand thevehlclesftuel(confutionprductsf fue
cwul enter the crw cmpartment asexhauist gases). Relatively few studies. hav either massayed the ac-
VehicL- crew compertnmutt we szamped for carbon tmual propeflwtcombusfionprodutsthatom durin
monoadde~, ammonia sufur dioxilde. nitric oxide, ml- &ft in the &Wel oramumsed the visks experienced by
ftroendiwoadde.~hydoech doride,leaad soldiem Within cetain limiation, fiel studies, can
shou-chai hydrocarbonsi macis aweylene oracebta- demonstate the major Oxic speciks in complex mix-
dehyde CS li, deilomwaebasedon the oompo- tureofrmxbuutionpiaoduds Fiedawoditlnsauchas
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temperature, humidity, the maintenance of the weap- over 60 chemical spacies from XXX, which is the name
ons, and the chemical composition of the propellants of the propellant used in the MLRS motor.
thatare employed all influence the mixtume of combus- In an attempt to characterize the concentrations of
tion products. Instruments that are sophisticated major combustion products from successive rocket-
enough to identify minor or trace species in these motor firings in urban temin (eg, if shoulder-held
mixtures are not practicable in the field because they rodk•et systems were fired from an encosed rcOm), a
are too large, will easily be damaged under field con- test f was consbucted circa 1973 at theUS. Army
ditions, or both.' Missile Laboratory at Redstone Arsenal, Huntsville,

One study ,as highlighted the difficulties In sam- Alabama." Tests perfomW at this facility dearly
pling for combustion products in the crew compart- denmnstratedthatweaponscews couldbeexposedto
merit of the XM2 (the prototype for the &,adley Fight- carbon monoxide, lead, and n.'sance patides in ex-
ing Vehicle IBFVD and the M198 howitzer•' Special cess of the short-term exposure limits (SMEs) estab-
portable collection equipment was designed to render lished by the Amerian Conference of Governmental
reliable results given the time between field sampling Industrial Hygienists (ACGU and C)SHA.
and laboratory analysis. Th, sampling equipment Several computer models are available to predict
failed during the XM2 field analysis, and accurate combustion products. TMesecomputerprogransde-
assessments of ammonia concentrations could not be veloped byA-mecCyanamid Crporation, Wayne,
made. Neverdhls, field analyns was able to demon- New Jersey, Stanford Research Institute Menlo Park,
strate the major species produced following weports California, and the National Aeronautics and Space
firing Oydvrgen, carbon monoxide, carbon dioxide, Administration, Washington, D. C., are unrder con-
and methaWe and the -•-uction of these concwtra- tinual modification. Wile the primary purpose of
tions after the velKes' ventbbtion systems were acti- these prograns is to solve ballistic problem, they can
vated (Table VI 9). also produce estimates of contamination from com-

Due to the difftk:-s nineFld sampling laboratory bustion products. The program are used to comple-
analysis of prcU,-l Bring has been conducted in ment chemical analyses or to alert chemists tos~e.-•
laboratory- ý .et fixt-res such as those shown in that must be koked for. The predictions hay: se~n
FigurelO-& Te . es--ipecialdesignedchai- compared to actual field and laborat'.y sampling of
bers that alW- weqom firing and sampling of corn- theexhaustsof variowpropellautstheconcentrations
bustion products--have permitted over 100 chemical of the predicted major chcmcal species agree fairly
sped-&tobeidentified fromthecombustionofWC844 well with those that are actually measured through
prtapelant, which is used in M16 ammunition, and laboratory firing. However, there is poor agreement

for the mi1nor and trace (especially organic) species
p--ducedbecausethecomputersarecoded :oproduce

TAWLE 10-9 m-rfl~ts at thermodynamic quilibrim conditions and
d1o not consider nonequllifbation processes such as

ANALYSIS OF GAS SAMPLES WnIHiN THE incomplete combustion or condensation (soot.forma-
CREW COMPARTIM OF THE XM2 AfWl! tion) prcesses'" Continued research through field
WEAPONS FU G studies, laboratory simulations, and computepredic-

.....--- tive modeling isnecesary to generate theinformation
Coaftautatl. (PPO) needed to msess api retuce the risk to soldies from

Ire-Active Vehile FPoeqJAd Vehile propel z- products.
Composz° VeafilOm Sysem V "Wake Syslm T As wt of Combustion Prodct•s

H2 312r2 39.9t12
C 2 ± 9 Sophistited cm l anablses have been devel-CO 99*26 313 15oped for laboray use that can identify hundreds of
CO2  95 ± 26 313•s Ccompounds found in weapons exhaust and analyze
0H4 11.40±025 341 ±0.42 theUiforthetrioicity. I mostcases, the hm ately

toxic properties of the exhaust are determined by the
"Equinm ntbihvepr ~du nto predominant species in the mixture. Predictions of

Ad.pt, Im,•snon e.AP.ockWDut.erXCscteNIe risksoexpm to prd-
oftCembmo M&USct Arm Meical Sm w S mW ucts of propellants are made by comparing the mm-Fnd Udc. & U Army M.dicalDou uglneerug imec aned
DneomWt L•o•,to, wr ir Telmd ,,W"t, Cotact sured concentrations of these individual componeift
VAUD 17-SO.C-0719. to the established health-based standards. The NAS
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EGHIIT 1041

EXPOSURE ASSESSMENTS

Using the primer, Wgnte, and propclkmt compounds descried in Exhbift Table 1, laboratocy studies were done
toqualitatveiyandquantbiatvdyassushecombwdton productsgenerated dwngthefiringof theMl6rifleand th
105-mm t&An gun. Exhibt Table 2 list the wevM of selected combustion products per gram. of propellantI brned.

Let us say, Measaurqes, %hat AMEDI perswuw~etwere asked toa tes "folown siuations for&&ei health uisis

* Thng 200 rounds/mi of M16 amnwiktot cera peridoflS n 100in 3 D of airspace
9 athig4 rounds/mmn of 105-mm tank gun anmimition over a period of 15 mlin in 1W m3 of air space

These two situations are similar to many dwai awe regularly presented to AMEDO healthrisk euesors These
iud occurdurngdw(vdtestingoergfwwormodlfe vehides~guns&andamumimit (b)develcpinent

of new training ecerdse Cr Wc development ox revision of test-firing laboratories where gum. guni perts, and/or
ammiunibonareroutmdeytested 7esdardnesmediuktheevalueatioswmaycouvfwuheOccu!eon
Safety and Health Admin rbationt (OSHA),the AmericanCmundlofGovernmentbIdustria yieit (ACGiH).the
National Institute for Occupational Safety and Health (NOSH), the Committee on Toxicology of the National
Academy of Scences,or may be developed by the US. Army Medical Depaftment(AMEDO). In thisceample~.let us
say that AMEDI)-- a -eos by agreement. will ure #I* ACQW01~thieshold Limit Values CfL.Vs) as guidelines. The
specific compounds of hnterest for the]M16 wil be limited in this example to carbon mooie(CO) and hydrogen
cyudde (HCN), for die 105-mm gun uwse willbeX Marti benzene (W~. However, a-seumentscanbedoneforany
emrissiont product for which data or Information is available,

Thegiverasare (a) the popeflant:weieft, thentnmbe of rourids fired per minute and (c) the number of 11mrt1
durin which firing will occur Therefore using simple multiplicatdon, the propellant mas requized to genrmale
caftbstion products can be calculated.

For ftMIS rlb For we t06rino Gea

We~gtoa rnpeops t 1659tmbWdge(rWid) Wel4ftof Prapelt 544 k~~hl(round)
Rlounds WM oft 200 ftrinidsafprt~ 4
Owealon ottlic 15 fnt Duraton at 9re: I5 min
Tiolamans t; prleIs burnied: 4.95 kg Tota mens of propelint buNed 326.4 kg

Them1 t rowunasas of CO ard HNM produed con be oh- The wnmutaof CO mud CvIi3 forme Mwi flue 05-fnu
t1ued by fmnsdlpifflg etotal; prpeleaf busiedlWiss 3m gun ired arec co111ia and omwpawd to ueappmo-
aniouris of CO mid HCN produced per unk welWoof pialae ILVS:

337 x 10-1 gof CO we produced perg9of p op ft ubumed. 2A a10-1 at 00Copemaledpegatpm 0el1uburned.
Therelore.3.37 x 10-1gx 4.95kq a ASSx 103go(AV0 Therelore, 2.4 l txIV9x32&4 kq a7S3x 103 gof

eraproduced: CO arprodoood:

4 x IV gofHCNam produced per gof propellerdbunted. *.2x 10qdC~Iar9ganersdperotpropebn
Therefore, I 10'4g x4Jtkq a3119SgofHCH we burned-

produced. Therelor9.92x 1049x 326.4 kga30M 9gof C&l4
Aveannght 0 so shots ar Ired In a space of 100Cm 3 w~lt Agein goe TLVs we exceeded (assmioVng mi uied l

no sir im ower*e5-reinV perid. tae arnutaofCO space of 100 m0).
and HCN produced by fte MIS *kng wi accmulae.

The acmounsed vahaw we FMt 01ded b1110 0 . 0eM
M A ý iod to~ ft;VappoIldI TLV* hueee we faud to
"gre&I eaeed "m TLV Vaiuee

ftr eft(TV - 5 no" ftrC& (MV -57 mgW')

16.969P 3 2926-laid greater tonuthe TLV 733 Wm a 13,W? od greate Ow ft EmTLV

Pu'D~~(TL~a 11 mCgOn FmC%(TV 32 Mg3)

30.5 m9Pm -, &#40d greeter 11en ftm V W00 POWm u 0.4-od 91ete ase 3mth TLV

3B2
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Exhibit 10-1 (continued)

EXHIBIT TABLE I

COMIPOSMON OF ENERGETIC MATERIALS FOR TWO WEAPONS

M16 Rfle(tapteilaut .53...Arnmiuadm 109-urnCA1Iw~Gum

Oil.WCSI4
ht~ea t(1Amt ) PdnriLS Pzpdiremt 6ýka M-IS0ke(29)

Cssmposem WeI&h m% C.ampomm Weigh(%) Csompa~me Weight )Campasbent Wewdh m%

1J4"i nLdstpnt 3515 Nwilu~oseof Us~ Nitvodwflne 60.
rdircdhm 13AS-13 Tefru"zmft 41 mb Nfosm in Urgnbdbhck
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has established standards--applicable to short, inten- chronic disease, or nogenesis,
sive periods of weapons firing-in the form of STELs Riskassessnents ofcombustion products should be
that are especially relevant to the US. Armyý' and, eventually, will be based on the total mixture."

The effects ofeach combustion product on different Nevertheless, until methodsare established, validated,
target organs determine the total potency of chemical and standardized to toxicologically evaluate all pro-
mixtures. Interactions between these effects can be pellant combustion products simultaneously, the cur-
additive, synergistic, orantagonistic, and can produce rent method of basing risk assessment on the major
acute and chronic medical problems. For example, in species produced will have to suffice.
animal testing, carbon dioxide may have a protective An example of the types of calculations a risk-
effect in high concentrations in reducing carbon mon- assessor might use in assessing health risks to soldiers
oxide deaths (an antagonistic effect). Particulate mat- is shown in Exhibit 10-1,in which the known weight of
ter may interact with sulfur dioxide to enhance the propellant is integrated with data obtained from
bronchospasm over that expected from sulfur dioxide test firings of the Ml6rifleand thel05-rammcalibergun.
alone (a synergistic toxicological effect),4 Often, thecakulation ofanexosureat anygiven time,

Currently, themilitar-sprimaryemphasisisonthe or over an interval, is complicated by the episodic
identification of the major chemical species produced nature of weapons fire and by the dilution of the
so that the acute effects on a soldier's performance in soklier's ambient air with clean air. In situations like
combat can be predicted. The level of exposure to these, it will probably be necessary to (a) plot the
these major species can be used to produce an assess- concentrations of the toxic chemical over the interval
meat of risk with regard to incapacitation, morbidity, of interest and W') determine the exposure over the
and mortality. The emphasis on immediate perfor- entiretimethroughaprocessofintegration(definethe
mance is necessary to ensure that soldiers can effec- area under thecurve). Consultation with toxkological
tively perform their tasks and accomplish their mis- experts may be required when attempting to estimate
sions; but exposure to minor or trace amounts of the combined effect of multiple toxic chemicals. Such
combustionproductsisalsoimportantand could serve consultation has been obtained in the past from the
as a risk factor for delayed health effects such as toxic Committee on Toxicology of the NASH and the Armed
effects on the reproductive system, the production of Forces Epidemiological Board (AFEB).u

HEALTH EFFECTS OF EXPOSURE TO AIRBORNE PRODUCTS OF PROPELLANT COMBUSTION

Properly assessing the potential for adverse health As previously noted, exposure to the combustion
effectsassociated withtheoperationofmilitaryweap- products of propellants includes coming in contact
ons systems is often difficult or impossible because withgasesandparticulatematter. Thegreatesthazard
exposure data from operational settings are lacking. to soldiers is from the inhalation of these substances.
There is a pressing need for expanded, systematic In turn, the health effects that develop depend on
study of field exposures to develop precise guidelines whether and where deposition in the respiratory tract
for both preventing adverse health effects and manag- occurs. Deposition could result in direct damage to
ing casualties of overexposures. tissueorabsorptionof the material, which could result

To diagnose and treat victims of overexposure in a in a systemic health effect.
timely fashion, field medical personnel should be alert The major combustion products of most propel-
for any medical sequelae arising in soldiers who may lants are classified as (a) tissue asphyxiants (catbon
have been exposed to the products of propellant comn- monoxide, nitric oxide, and minor amounts of hydro-
bustion. What may initially appear to be coincidental gen cyanide), (b) irritant gases (ammonia, nitrogen
headaches or routine acute respiratory diseases in dioxide, sulfur dioxide, nitric oxide, and hydrogen
soldiersmusttakeonnewimportanceshouldanoccu- chloride), or (c) inhalable metal particulates (lead,
pational history reveal problems with the ventilation copper, and others).
sytem ofthesoldier's vehide, that thesoldier hasbeen
firing a new type of ammunition, or that the soldierhas Thoue Asphyxiants
participated in missions with prolonged firing times.
Reports of suspected health effects arising from expo- Becauseasphyxiantscanquicldy produce incapad-
sure to combustion products are needed; these should tating central nervous system effects without warning
be forwarded through medical command channels so signs, these compounds are of major immediate con-
that proper evaluations of the events can be made." cern tothearmy. Asphyxiants act to interfere with the
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delivery of oxygen to tissue cells or with the ability of airways. Because these relatively insoluble gases may
the cell to use oxygen. Carbon monoxide and nitrites not irritate the upper airway, they do not produce
decrease hemoglobin's oxygen-carrying capacity, warning symptoms. However, in conditions of high
Carbon monoxide is a competitive inhibitor of the humidityormoist mucousmembranes, nitrogendiox-
ferrous binding sites for oxygen in the hemoglobin ide may dissolve and form nitric and nitius acids,
molecule. Because carbon monoxide has a higher which can irritate the upper passages. Additionally,
affinity for hemoglobin than does oxygen, the amount certain cells in the airway may be more susceptible to
of oxygen available for transport to organs is reduced. these gases. An example is the Type I pneunocyte,
Nitrites and nitric oxide also decrease the oxygen- found inthealveoli,whichisthoughttobeparticularly
carrying capacity of blood through the production of susceptible todantage because of its high surfacearea-
methemoglobin, which is less efficient than hemoglo- to-volume ratio.
bin in releasing oxygen to the tissues. Hydrogen Particles, either solid or liquid, are deposited in the
cyanide, which is produced by nitramine propellants airway depending on their size. Particles greater than
such as RDX, acts to produce cellular asphyxia by 10 I are filtered out in the upper respiratory tract.
interfering with the cells' cytochrome oxidase system, Particles less than 05 IL are rapidly exhaled. Particles
which disrupts oxidative metabolism, between 0.5 11 and 3.0 pI are deposited efficiently in

distal airspaces, either through impact against the
Irritant Gases bronchiolar walls or through gravitational settling."

Short-duration, high-intensity exposures to comn-
When inhaled, the acute effects of irritant gases on bustior products can lead to both immediate and

the respiratory tract (eg, pulmonary edema, broncho- delayed health problems. A fire in 1929 at the Cleve-
constriction, and bronchorrhea) can cause an immedi- land Clinic in Cleveland,Ohio, bumed 50,000 nitrocel-
ate decrement in a soldier's performance. Delayed lulose films (then used forX-rayfilms, butnowusedin
effectsincludereactiveairwaysdysfunctionsyndrome military propellants). The combustion of nitrocellu-
(RADS) and airway cellular destruction.* lose liberated carbon monoxide, nitrogen oxides, and

RADS is characterized by continuing airway hydrogen cyanide. Ninety-seven people died imme-
hyperresponsiveness, typically after an acute, high- diately, probably due to asphyxiation from carbon
level exposure to an irritant. This airway hyperre- monoxide and hydrogen cyanide. Two hours to I
sponsiveness is usually detected by physiological monthafterthefire,26morepeoplediedfrompukmno-
measurement of expiratory airflow or an increase in nary complications that were suspected to have been
airway resistanceafter theadministration of histamine caused by exposure to nitrogen oxides.'
or methacholine by inhalation. Although many such
individuals will remain asymptomatic, some may de- Ammonia
velop overt asthmatic symptoms, often after exposure
to other irritants or cold air. Airway hyperresponsive- Ammonia is formed from thecombustion of propel-
ness may persist for months or years. Case reports of lantcornpounds that contain nitrogen, erpeciaUy those
RADS after exposures to chlorine, hydrochloric acid, that contain nitroguanidine. All single-, double-, and
sulfur dioxide, and ammonia have been described. triple-base propellants can produce ammonia. The
The long-term health consequences of this condition nitrogen is converted first to molecular nitrogen dur-
are unknown. Healthcare personnel attending sol- ing combustion, but it then quickly combines with
diers who may have been exposed to these irritants, hydrogen gas to form ammonia. Iron particles origi-
especially if acute pulmonary conditions resulted, nating from heat-induced erosion of the gun tube
should remain cognizant of the potential late develop- catalyze this reaction.
ment of asthmatic symptoms and the implications of Due to its high solubility in water, ammonia is an
continuing exposure to irritant agents.4  upper respiratory tracteye, and skin irritant (Table 0-

The absorption of gases depends mainly on their 10). Its odor thresbold (ie, the lowest concentration of
solubility in theaqueous layertining the mucosa in the a substance at which its odor can be detected by
upper and lower respiratory tracts. For example, both humans) is below concentrations at which the eyes,
sulfurdioxideand anuonia are highly solubleand are nose, and throat become irritated. Once the eyes have
normally absorbed in the upper airways; they are been irritated by exposure to ammonia, lacrimation
raely deposited in the lower tract unless exposure to occurs. Lactiation atammonia concentration of 134
these gases has been overwhelming. On the other to 150 ppm may be militarily significant when visual
hand, gases like nitrogen dioxide are less soluble; they discrimination tasks are impotant. Acute, high-dose
can bypass the upper airways and injure the lower exposure causes coughing and severe irritation of the
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TABLE 10-10 The signs and symptoms associated with ammonia

SIGNIFICANT, IMMEDIATE, REVERSIBLE exposure partially depend on its concentration. Most
EFFECTS OF AMMONIA soldiers can tolerate exposure to levels exceeding 140

ppm for short durations, but not for hours. However,
asthmatics and those individuals who develop

NH3 (ppm) Effects/Commets bronchospasm after exposure to other respiratory-
tract irritants may be more sensitive to lower concen-

1,000 Produces coughing trations, shorter durations of exposure, or both. Expo-
150-500 Produces changes in ventilation minute and sure to levels exceeding 5,000 ppm have caused death

tidal volumes and respirator ratey due to airway obstruction in normal individuals&150 Produces lacrimation in subjec-ts previously oniets hsaobenrptdinrvoul

acclimated at 25-100 ppm for varying du- nonasthnatic individuals after exposure oan armmo-
rations

140 Toleated for 30 miin by all ud nia cloud after a tank-car derailment." Mild-to-mod-
subjects; for 2 h by highly motivated sub- erate (50-100 ppm) exposure to ammonia can produce
lects headache, burning of the throat, nausea, vomiting, and

134 Produces lacrimation in 50% of unaccus- substernal pain.
tomed subjects The treatment recommended for exposure to am-

110 Tolerated for2 h byall unaccustomed sub- monia consists of removing the casualty from the
1ects source of ammonia and flushing the eyes with water if100 EEGVt

50-72 Produces moderate eye, now, and throat severe irritation or lacrimation develops. Severely af-

imtation in most subjects fec.ed casualties who have visual difficulties (such as
20-30 Odor easily noticeable blurring of vision or difficulty focusing), laryngeal

_.....__ . .. edema, signs of pulmonary compromise, or anabnor-
"lidal voime,* respiatory rate- minut voh w mal chest film should be hospitalized and monitored.
Bm•.ncy epom gpiane kevel

S MortomJDNltn ejD,N TE.NomMndy MJ Bxanw- Nit opv Dioxide and Nitric Oxide
rd 4*r, of ShU•wrt Hlh-,nv Er ure to , Anmkm, i Carbnm
Montx* Sw0.R Dwrok dNal mgma ztADA994505.DAk M& 7.79- Nitric oxide and nitrogen dioxide often occur to-
Coln gether. Nitric oxide and nitrogen gas are the first

products formed from the combustion of nitrogen-
containing compounds. At high concentrations (> 50

throat Early deaths can occur from laryngeal edema ppm), nitric oxide is rapidly converted to nitrogen
and severe airway obstruction. Patients who survive dioxide in the presence of oxygen orambientair. Both
the initial exposure can develop tracheobronchitis, gases are considered to be pulmonary irritants, but
bronchoconstriction, and hypersecretion of mucus." nitrogendioxidezsgenerallyconsideredtobethemost
Tolerance to higher exposure levels may develop over toxic. Nitric oxide can cause methemoglobin forma-
time,andeyeandupperrespiratorytractirritationwill tion, although its potential conversion to nitrogen
lessen. For example, individuals exposed in an indus- dioxide should be considered the more important
trial setting to an average daily workdayconcentration hazard for most exposures,"
of l00ppmofammoniahavedemonstratedatolerance Workers are exposed to nitrogen dioxide during
to irritation after 1 week ofexposure. Skinand mucous welding, electroplating, and metal cleaning; nitrogen
membranes are also sensitive to airborne amnmonia. dioxideisalsoacombustionproductofjet-enginefuels
Due to ammonia's high solubility in water, it dissolves and abyproductofblastingoperationsr' Onthe battle-
in the moisture of the eyes and skikn' and due to its field, nitrogen dioxide is formed by the oxidation of
alkalinity,itdamagestisebypmcducingcausticburns. nitric oxide during high-temperature combustion of

The NAS has recommended an EEGL for ammonia nitrogen-based propellants. Nitrogen dioxidecan also
of 100ppm.2' This value is based onlimniting lacrima- be converted to nitric acid, which can damage and
tion and itsconequentperormancedecrmenL EEGLs potentially cause fibrosis of lung tissue by denaturing
represent levels at which reversible health effects may tissue proteins. Tank crews can be exposed to nitrogen
occur, but before judgment becomes impaired and dioxide while they fire weapons, or, as a result of
responses to emergencies are inappropriate. No reli- secondary fires and explosions, if tank rounds are
able information is available concerning inhaled ignited and burned inside the vehicles after battle
ammonia's potential as a developmental, reproduc- damageorfolowingvehkleacddentsassociated with
five genotoxic, or carcinogenic agent. fires. Nitrogen dioxide is heavier than air, reddish
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brown in color, and has a pungent odor. It thus The deleterious respiratory changes induced by
accumclates in thebottoms of enclosed spaces.e (This exposure to airborne nitrogen dioxide are partially
t),-e of accumulation has occurred in the bottoms of dependent on its concentration. Mild, irreversible
poorly ventilated silos that contain grasses or hay, effects on lung function can be observed at exposures
causing farmers to be exposed to nitroger, dioxide. The below 5.0 ppm. At 1.0 ppm, symptoms such as cough-
pulmonary damage that occurs is known as Silo- ing& chest tightness, and laryngitis can appear, but
fille'sdisease.)' these symptoms are reversible. Individuals with

During the World War I era, German naval person- asthma or chronic bronchitis may experience mild,
nel experienced problems with "nitrous fumes" filling reversible symptoms at nitrogen dioxide levels of 0.5
gun turretswhen thegunbreech wasopened. ' These ppm over a 2-hour period. This level is the odor
nitrous funares were probably a mixture of nitrogen threshold for nitrogen dioxide."
dioxideand nitric oxide. For protection, naval gunners Little evidence is available to assess concentration-
wore respirator masks. These probably contained timeexposureparametersinrelationtoobserved health
soda-lime and activated coconut-shell charcoal De- effects for nitrogen dioxide. The army uses OSHA
spite wearing the masks, some of the gunners were PELs or recommendations of the ACGII- whichever
alleged to have developed metlemoglobinemia, and are more conservative. However, the standards set by
death occurred. The masks probably did not remove OSHA and the ACGIH are more applicable to indus-
nitric oxide and may have increased the nitric oxide trialsettings. In militarily unique equipment, systems,
in the inspired alr :hrough reduction of nitrogen diox- and operations, special DA standards are devised.'
ide. As a result of these incidents, German scientists These may be based on guidance documents that the
conducted creatme laboratory studies to differentiate army has asked the AFEB or the NAS of the National
the toxic effects of nitric oxide and nitrogen diox- Research Council (NRO to draw up. If the question is
ide.'"'' Studies of these two gases and their toxic
effects in military settings havecontinued to the present
in the U.S. Army.'"' TABLE 10-11

Because nitrogen dioxide has limited solubility, it
causes negligible irritation in the upper airway tracLt TOXIC EFFECTS OF HUMAN EXPOSURETO
Acute exposure may cause little effect on the mucous NITROGEN DIOXIDE
membranes of the eye or throat, and thus there is little
immediate warningof exposure. Exposed persons can NO2  Expoure
apparentlycontinuetobreatheconcentrationsofupto (ppO) Time(mln) VEffe't/mme
50 ppm for several minutes without cough, throat
irritation, or chest discomfort (Table 10-11). The onset 1,000 15 Inmediate tnCalitatim nrespira-
of respiratory symptoms may be delayed for 3 to 30 tory and eye injury followed by
hours, at which time cough, dyspnea, acute pulmo- death
nary edema, fever, and peripheral blood leukocqto 100 60 Immediate respiratory and eye
may develop? injury with progressive respira-

Nitrogen dioxide reacts with lung tissue by oxidiz- tory injury and death
ing cellular lipids and inactivating surfactanL Type 1 50 60 Immediate respiratory and eye
pneumocvtes lose their integrity and allow ivterstitial irritation with possNe subacute
fluid to enter thealveoliType II pneumocytesare then and chrot* pulmony Ieskws
activated, become hyperplastk and may fill up the 25 60 Inmediate respiratory irritation
alveolar spaces, leaving no space for gas exchange to with chest pain
occur. Untreated pulmonary edema may progress to 5 60 Aute reversible respirtory
death. functon effect

DeathfrompulmonaryedmacanoccuratnitgeWn 5 15 ACGIIfsSTE.
dioxide exposures of 150 ppm for less than 1 hour. -1 60 Equivocal repratory function
Furthermore, even if the casualty apparemtly recovers effects and impaited dark
from an acute exposure, he or she could present 2 to 3 adaptation of viom
weeks later with signs and symptoms of brechkiolitis
obitwrans. This condition is noted for its fibrotic de- STE.:shmt4mnnwrmuexpmuflat
stnuction of the bronchioles, and its signs and symp- Smsbor I:m DL Hazwd Dicorm. Bemaro Tou•dc*~ andEnvwineialtH~h Hazards Natonal Rewdi Caumc Corn.
toms include fever, cyanosis, and dyspnea." No spe- wa• s i*oatmdttlheA•.W~m .
cifc X-ray findntsareasociated with this onditioný2 rc. Wieom cwnnuuwo 14 Paid iWs.
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one of toxicology, the NAS Committee on Toxicology Sulfsr Dioxide
will consider the question or issue. If there are cngi-
neering implications, the multidisciplinary NRC may Sulfur dioxide may be formed when antimony sul-
be asked to evaluate this situation. In 1985, at the fide (used in primers), sulfur (used in black powder
army's request, the NAS Committee on Toxicology igniter),andpotassiumsulfate(aflameretardantused
reviewedasituationinvolvingtank-gunammunition. in propellants) are oxidized. Sulfur dioxide is a
The army recognized the need to develop blast-proof heavy, irritating gas with a characteistic pungent
door seals on the bustle, to ensure that combustion odor. It reacts with water to form sulfurous acid and
products of burning propellants (a situation that could therefore mucous menbranes in the eyes, mouth, and
occur with battle damage) would not reach tank crews upper respiratory tract areat risk for injury. Sulfurous
in significant concentrations. The NRCs committee acid will also burn the lungs *
studied thepotential roblemandrecommendedmaxi- Sulfur dioxide induces broachoconstricton, the
mum exposure levels (see Table 10-8 ). These limits, stimulationprobablyoursviaanafferentnerveafter
which are essentially EEGLs and pertain to the ability direct stimulation of its sensory end organ in the
to escape a contaminated environment, can be com- airway wall This stimulation leads to efferent vagal-
pared to those established by the ACGIH for civilian induced contraction of smooth muscle in the airway.
workplaces. The ACGIti standard is more conserva- Asthmatic subjects exposed to suurdioxide at5ppm
tive (their 15-min STEL is 5 ppm).Y In a military for 5 minutes while exercising have developed
training situatiom exposures should be kept as low as bronchospastic attacks.' However, research per-
pos&ble,butata nmnimumshouldbebelowtheACGIH formed with normal adult subjects has shown that
criteria. For emergency escape purposes, the NRC
guidelines should be used to assess the efficacy of * continuous exposure to sulfur dioxide at 3.0
hazard-controlsystems. HowevertheNRCnotesthat ppm may occasionally produce a reversible
sensitive individuals may experience mild wheezing decrease in small-airway compliance;
and chest tightness on expmur too05 ppmofnitrogen * exercise can also potentiate functional airway
dioxide for 2 hoursm' impairment in the presence of atmospherk

The treatment of casualties who are exposed to sulfur dioxide";
nitrogen dioxide consists of removing them from. the * an estimated 10% to 20% of the adult popula-
offending source, keeping them at rest, and adminis- tio ll exhibit hyperreactive airways after
tering oxygen.' Because of the danger of pulmonary exposure to sulfur dioxide"; and
edema even in the absence of acute pulmonary irrita- * exposure to less than 25 ppmn can also cause
tion, dose observation for 24 to 36 hours is also indi- other symptoms, including irritation of the
catec! afterany significant exposure. Hospitalizationis mucouwmembanesincreased rspiatoryrate
necessary for any person who has symptoms of pul- and depth and coughing."
monary irritation manifested by increased pulse and
respiratory rates. Supplemental oxygen may be indi- Workers who are chronically exposed to 5 to 20
cated and corticosterolds may be given in lifethrea- ppm can become acclimatized to these effects; their
ening situations, but documentation of the beneficial sense of smell becomes less acute, their reflex cough is
effects of steroids is lacking.*' lessened, and they are less aware of the irriation in

Blood methenvmo should be measured as soon their upper airways.' This cclimatization will not
as possible after a casualty has been expv d to nitro- occur in soldiers who experience only iermittent
gen oxides, especily if the Osuaty is cymdc. Methe- high-evel exposures In general, 20 to 30 ppm of
moglobm cannot transport oxygen efficiently; there- sulfur dioxide is very disagreeable."
fore, hypoxemia cannot easily be corrected with ExposrelimitsandanEEGLhavebeenestblise
supplemental oxygen when methemgk inis present. for sulfur dioxide; the NAS recommends an EEGL of
The patient may require. intravenous treatment with 10 ppm for a 1-hour exposure. In addition, the
methylene blue 13,7-bis(driethylamino)phenazath- ACGIH and OSHA have established time-weighted
ionium chloride in a dosage of 1-2 mg/kg body average (IWA, an average 8-hour exposure within a
weightL" which reduces methemoglob's feric iron normal workday) expomre values of 2 ppm&wl
back to the ferrou state found in nonal hem li The treatment of casualties who are exposed to

sulfur dioxide is to remove the victim from the source

NO and flush the eyes with water if they are irritated or
t M.• i lacrimaing. However, severely symptomatic isdi-

-. i.• w.. viduals should be hospitalized and monitored for the
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signs of pulmonary edema. Bronchkluitis obliterans the suuent version could be overpressized, and
can occur within days or weeks after the patiemt has gas and particulate filturs were included on its air
recovered from a moderate-to-sevre exposure. intake.TM

The shoulder4-eld Stinger, an antiaircraft missile,
Hydrogen Chlrde also produces high conetrations of hydrogen chlo-

ride when it is fired. Soldiers who fired the Stinger
Hydrogen chloride exists both as a gas and as an were required to wear chemical protective masks to

aqueous acid aerosol (microdroplet solutions of hy- reduce their expsures, to hydrogen chloride, but the
drogenchorideandwater). HydrogenchIoridehasan masks obstructed their views through the missiles"
extremely high affinity for water, and its acidic prop- sighting devices, To sight their targets, soldiers took
eites make it a strong irritant of mucous membranes, off their masks and held their breaths while they fired

Although the odor threshold of hydrogen chloride the weapons. Their intention was to improve their
is I to 5 ppm, 10 ppm is a noxious concetration. In trackingcapabilityw.hilereducingtheinitatingeffects
fact, inhalation of hydrogen chloride causes an ir'i- of hydrogen chloride in the upper airways.
vidual to promptly leave the offending environment. Several governmental regulatory agencies have es-
Inhalation of hydrogen chloride causes several respi- tabll~hed limits for exposure to hydrogen chloride.
raory tract signs and symptoms, including noticeable Both OSHA and the ACGIH recounend a ceiling of 5
pain, cougldng• inflammation, edema, and, at high ppu'r.The NRC proposed a 10-minute EEGLoE 100
concetratios, laryngeal or bronchal constriction ppm, but because this level is not likey to be tolerable
(Table 10-12 and F•gunm 10-12). for any sustained duration (up ,to an hour), a 1-hour

Early int-firingoftheML.Snwhlchaperchbate- EECL of 2D ppm was adopted.
based propellant is used, showed that hydrogen chlo- "rhetm ert of csualis who havebe exposed
ride was produced in large quantities, and was pre- to hydrogen chloride is mostly palliative: remove the
sent at levels of25 to 50 ppm in the crew compartment, casualty from the source and treat the symptomk
"This level iaitates the eyes, and the resultant lacrima- Little information is available conceming the long-
tion would have prevented the crew from parform- term effects on health that may arise after acute expo-
ing its mission effectively. During the late 1970s, sre to hydrogen chloride
theML wasreengidered: thecrewcomparbnientof

lahalable Metal Patiu ae

The inlulation of metal particultes can, over tawe,

TABLE 10-12 be =1er!tedf to ause chronic health problems. Of the
TOXIC EFFECFS OF HUMAN EXPOSURE TO mass of inhalable metal particulates formed when an
HYDROGEN CHLORIDE M16 round is fired, lead constitutes approximately

one•-f and copper approximately onethird (the
HER Eemnr effect of hnhaled lead particulates are described in

(ppm) Time 1ffaCommea Chapter12,Lead). Inhalable" eco€mesfrombrss
cartridges and coppe jac•kets of bullets. Another

A0-2,000 Bref Dagerous. for even short sourceofoopperis the rotatingbandonartileyshel'y
eosures (pai, laryneal Although most particles still consist of lead, the rela-
and bronchial constriction) tive percentage of inhalable copper increases and

50-100 I h Tour"abl that of lead decreases as more rounds are fired.' To
100 to mn EEL" reduce the amount of copper deposited in the barrel
9- Medimn concentration for odor bore, ld foil has been added to artillery rounds,

10-50 F hour ir ab - which, ofcourse, also increases theamnountofparticu-
35 -- Thut iritatim after short late lead produced. Tm foil is being considered as a

expoum nreament for lead foi, and noadveehealth effects
10 Prolonged No adverse efcts ae expected from this substitution.ý
1-5 - Odor threshol The sigm and symptoms of copper inhalation in-

I . .dude nual congestion. naual sptum perfou ,n. na-
"rnqe4OS•ftg• tk.tsal ukeration, and metal fuine lever, which is dcaa-

s N o Rama C.ým CEMcm =m Toeolop. terized bya sudden onet of•ever, chill, naaise, and
bals y*rp diadde. o I to 11 brie. md oIfhn1 hr Enkr

ad Cv dnww &wr, Gtaua , b d p tn 5 Aivor hmdaches. Theeo OSHA hos establishe an 8-
C~w=WwsvV 7. W&"W 'w4 M .adeWA=&my ; twT. hour TWA for copper dust of 1.0 mg/r 3 air.*
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Fi,.10-12. Thi%,che.t \-ra. film %%as madeb htu aflter a tq-y'ear-old .oldier was expo.ed to h,-chlorettunesmok, %hen
a ht achlortthanegrLn.te wa• thrown into her tent. The snoke is generated in the ther•ochemtcal reacton oft inc oxide.
heiachltm.thane. and a!uminum nmeal, and is compinvd predominantly of zinc chlinide with I11i to 21, aluminum chloride.
Zinc chloride i.sa potent rnvpratory irritant with pulmonar- etfects simlar to those causd bh inhakld hydrogen chlo•ide.
This film %.ho.Xw bilateral. diffu,,e air-Ap, opacitik., with an interstitial commrtwnt co•n.-lent with pulnkuar.W tdma.

Antimonv, bariumandzinclgetherconstituteless Barium is a combustion byproduct of barium ni-
than 5"t of the metallic inhalable particulat•,• that are trat., which is also found in certain primern-s. Barium
produced when an M16 round is fired.! In normal can also be a local irritant to mucous membranes and
firingconditions, the.emntallicparticlesareexpected can cause coughing. Heavy industrial exposure to
to oc-ur in low concentrations. and theirhealtheffects barium oxides or sulfates can produce a benign
are expected to be negligible.'ý" pneumocniosAis Barium oxide is strongly alkaline

Antimony trioxide Ls a combustion byproduct of and can cause e'e and skin irritation. It is extremely
antiumov sulfide, which is used in primers and anti- toxic if ingested. No long-term health effects other
rmonial-lead alloy bullets. (Because lead antimony has than pieumoconiosis are known.'
a higher melting point than lead alone, its use in the Zinc, like copper, comes from brass bullet cases.
bulkle's core allows the weapon to be fired at a faster Zinc can be a mild mucous-membrane irritant during
rate.) Antimony trioxide is an irritant to mucous exposure. Zinc oxidecaues metal fume feveit often
menbranes.,ard acuteinhalational expo•,urncanc use occurs during periods away from work and can last 6
coughing. los of appxtite. and ga.trointestinal pain, to24 hours. Nochnrnichealthe-ffectsaredescriixed for
Chronic expo-ure has cau,,ed lung fibrosis.f Ainc.!
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Combustim Products of Propeflants and Ammunitin

Depleted uranium is a potential risk to personnel brotic lungchanges have been noted with exposure to
who may be exposed to the aerosolized products of a uranium oxides. These changeshave not been noted in
t rning tank round (e& during a fire in a tank bustle humans. The pdrnay hazard ofexposure to elemental
where theannorpierming rounds are sored,orifa DU urani-um would be heavy metal toxicity in the form of
round has penetrated the armor into the tank]s crew nephrotoxicity, if ingested. However, feeding studies
compartment). In these cases, particulate uranium in rats have failed to demonstrate toxicity from the
oxide would form, some of which would be espiable insoluble uranium oxide.'
(< 1It). Because DU contains both uranium Z-*U and Allied troops received wounds from fragments of
Z24U, both of which are alpha emitters, a theoretical DU during Operation Desert Storm. In somesoldiers,
risk of lung cancer exists for those who inhale these the fragments were not removed. This raised a con-.
particulates. (Exposure to DU in this circumstance oen that the solubility of uranium in body fluids may
would be expected to be short-lived, however, and the exceieU the solubility of uranium in water and there-
far greater risk to the crew would be from the confla- fore pose a greater health threat than was originally
grationortheballsticproperiesofthearmor-piercing considered. In vitro solubility is being studied and
projectile.) Toxicity studies with animals have not soldiers with retained fragments of DU are being fo-
borne out hypothesized carcinogenicity, although 8- lowed medically to detect any adverse effects.

CURRENT MEASURES TO CONTROL EXPOSURE

The measures that thearmyuses to controlsoldiers' tube. The prncipal guarantor of the crew's safety is
exposure to propellant combustion products are not the vehicle's ventilation system, however, which can
unlikethemeasuresthatcivilianindustrialoperations purge the pollutants by exhausting either the entire
take to control their worker eqxpse Engineering crew area, the area of the breech of the individual
controls (such as incorporating appropriate ventila- weapons, orbotl.'
tion into the design of weapons systems) are the best Other possible means of limiting exposures include
forlimi•tgepor foowed byadmutrativ con- placing the gun breech outside the am compartment,
trols (such as limiting firing or persomnl exposure reformulating the propellant chemials or other corn-
times), and finally, by providing PPE (such as respira- ponents of the shell (eg, adding more zinc to bullets to
tor) if the odr measures are inadequate. The health reduce the production of lead particulates), or rede-
hazard assessment process identifies potential heath signing military small-arms ammunition so that the
hazas that are from the cuti of co sn metal jacket completely encloses the bullet
products so that thes controb can be implemented. The U.S. Army, primarily as a cost-saving measure,

Currently fielded protective masks may efficiently is considering using liquid propeUnts such as by-
remove chemical-warfare agents, but they may be d ammcmium niteAN)Linitsartileryweap-
unable to efficiently filter out nitrogen oxides, c•abon os Computerized projections of the theoretical com-
monoxide, and low-moleclar-weidht aldehydesY 3  bustion products of HAN indicate that the major
This caveat is impoctarA for medical officers to cor- chemicalspeciesproduced wll becarbondioxideand
sider when they evaluate casualties who have been nitrogeninrelativelylowconcentrationswatervapor,
exposed to the productsof propellant combustion. For and minor amounts of carbon monoxide and mixed
example, during Operation Dest Storm, the protec- nitrogenoxidegases.O Howeverthe reduced thnrtto
tivemasksthattankcrewswereissuedtowearagainst soldiers! health from exposure to these combustion
the thumtof chemicalwarfare may nothave protcted products tay be offset by the potential for soldiers'
them against propellant combustion products Inside direct exposure to the propellant liquid or its vapors,
the ownm Ing;he cre wouldhavebeen paricu- Not only can HAN cause -eeoo formation,
lady at risk had thei tanks sustained battle damage direct exposures to this propellant or its vaprm have
a- their own mnuitions c u.ght flalso produced respiratory distress, splenk enlarge-

Several engineering mechanisms are used in mod- merit, and anemia in laboratory animal.Y
ernarmyflghtingvehldestolmltthecrw'sepmoure The air force and army are now evaluating gel
topropellantgases. Theboreevacuatorwasanearler propellants to replace the current, solid propellant.
engineering approach that was degned for large aircraft emergency escape systems (alrcrew ejection
gunms Fig 10-13). Another system, the •81 dosed- systems). The system consists of a gas generator that
bxt e osavg u, usedantneft gas to flush out thegwn applies prmure to separate gel fuel and gel oxidizer
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a SftE3H 11LOC CAR-tmg CAS asRE vo PROJ=EC~,

b

CAW~j

F410-13. (a) followin the firng of the weaxtpmn game drawn into the reset voir an the projctle pass go ) t After the
brjcieI ejece from the muzle, the gas preriowsly drawn into the sew vof bs vexpled from the muazle. (c) As the

behis opened to eject the cattridge cse or reintroduce armther rotmd, a& from the crew cmTertament is drawn inio, the
bove~andq~ ongw~hanywosrmabtioasembtintheresa cfr, flouaJh thSvmRku RH M al3CM
Lock S, et &L Probfr Dejintiim Stuiy on Tedu 4aes an hovdbd ois for Ev*uathr ls OaomWa ad Toxogka Pmftvet it
ofCom &W r soGsnw Syw.s Vol I .Oak RWIge, Te m Oak Ridge Natic Inah ator, 198 & Final Report AD ORN L.
6334/VI.

tank which nbuine ncombustionchaberstoprit- maintained. Combustion products would not pose a
duce a signifiant thnzst advantWg over the curmt Bunet to the aircrew who have ejected. flowever,
soli propeflant systems Thie gelW fuelmcist, of so meiakagoffinulbitd rdfuming nituic~ac d cud
amuinhuni powder, moomwathyl hydnzht and by- resul in the leakage of nitrogen tetraoxlde, which
droxy pmpjyl cellulose as the gellin agent The old- quickly drsociates to nitrogen dioxde. In fthi situ
dlwe gel consits of inhibited red fuming niric acid, tion, akviators would probbly switch from their
lithim rmtrat, and oedl silks. Mthk ge popielant Altratuswegiuarairuly~tolO %wygentoavold
offers advantages over its liqud vermort in that it bs epoure!' Ovml~gepropeflntsofferdlsinctafty
insensitve to detonation if the fuel and oxidizer tanks advantagesoverbothsolidan lquid propeaflhtsad
are penetrated1 by projectiles dwiring combat. Im ths cc'ul be considered as comiponents of a wide variety
situation, partial operability of the syskm would be of weapons systms in the future

SUMMARY

Although soldieshave beenexosedto the deet- of gm~ and rocket propelnt. sow in we hav the
rioweýýff P r fr-oun propellan combustio products for potential to uive taeo an evena moe cmwplxmwaof
moe tha 1,000 year, inniovations in weapons and combuston prducts during firing. In gm=eal how-
tactic during the 19ftl have increased the "potnt entverctaift dhenal species are thought to pose the
forexposutetothuehommhhhzrds he wide variety grte L*tsodespeomnelthohla-
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lation. These include asphyxiants (such as carbon Thepoentialforsigniflcanttoxiceectsisinherent
monoxidcardnitricoxlde),pulmonaryirritants(such in the firing of militaxy weapons. Medical officers
as nitrogm dioxide, ammoia, and hydroge chlo- should thoroughly understand the occupational haz-
ride), and heavy metal particles (such as lead). ards that soldiers face, especially those from jobs that

Evaluation of potential hazards has been assisted ar performed within enclosed space Combustion
by computer modeling of predicted speies; however, products of propellants encountered in train and
there have been few studies to validate the prediction battlefield conditions can have acute as well as long-
capability. This is due to the difficulty of conducting term effects. Medical personnel must also reonize
appropnate chmi samplmg underboTth abratory that engineering controls designed to reduce hazard-
and field conditions. Nevertheless, effs are made ous exosures (such as ventilation systems) may f•al
during the health hazard assessment process to gather administrative controls (such as limiting firing times)
appropfiate data, assess the health impact on soldiers, may be ignored, and PPE (such as respirators) may be
and design protection systms into military hardware discirded, worn o y, or poessan inadequate
while it is still being developed. protective factor.
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Chapter 11

CARBON MONOXIDE

ThaMfl &. WEYA~nT ACD., MY.PIAM CHMXLS DAVlD RIDGEEY. r, M.D., MS-'.t
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Ocrutiotna He!•lth: The Soldier and the Industrial Base

UINRODUCTION

Carbon monoxide is a colorless, odorless, tasteless Many of the effects of what we now recognize as
and nonirritating gas formed as a by-product in the carbonmonoxidepoisoning were discussed in ancient
incomplete combustion of carbonaceous materials, literature. During the MiddleAges, theseeffects were
Frequently, but not reliably, the presence of carbon sometimes considered to be the work of demons and
monoxide is accompanied by the odor of unburned witches. Some of the worst workplace exposmes
organic matter or fuel. Because of its high inherent occurred during the 19th and early 20th centuries,
toxicity and extensive exposure potential, carbon when industrial miners were frequently overcome by
monoxide has historically been considered not only "white damp," a term applied to the "inodorous na-
the most widespread poison known but also the most ture" of carbon monoxide and associated products of
significant toxic gas in the workplace? Human expo- partialcombustion. Miners wereoften exposed, with
sure to carbon monoxide has been estimated to ac- frequent severe or fatal sequelae, after mine fires,
count for approximately 2300 suicides and 1,500 acci- explosions, and blasting operations.
dental deaths annually Oe, more than one-half the Serious exosure have been reported in much les
yearly poisoning deaths in the United States). In ad. dramatic contemporary situations when individuals
dition, an estimated 10,00 patients per year seek haveusedcontaminatedsourcesofcompressedairfor
medical attention because ofexosure to this chmca diving or positive-pressure respiratos for industrial

FI* I1.. These worker are tsti new 75-mm howitte tubs for the U.S. Army at the GeneW lectric Mant, Erk
e ,nsyWania. in June 1941. Such indoor tsti without adequate vertilaor4, quite likely e ased these worker to

hazardo ulevelsoca.trm inoxide. Under today'sstandardsa powerfuld frequentlyamnitored hndoorventilaton sytm
would be required. Thoogrph: Courtesy of the US my

396



Carbon Monoxide

operations.' Exposuresin thehomeor workplace may gasoline-powered generators are operating, and in-
occur in poorly ventilated areas when using improp- door firing ranges. Military industrial exposures are
erly adjusted or inadequately vented heaters, kitchen possible during peace and war and can occur during
stoves, water heaters, or charcoal braziers. maintenance and repair of internal combustion ew

Army field exposures commonly occur in tanks, gines, indoor operations with motorized equipment
troop compartments of armored vehicles, enclosed such as fork lifts, and indoor proof-testing or firing of
communications vans, enclosed areas where portable, weapons (Figure 11-1).'

TYPICAL SOURCES OF EXPOSURE

Natural sources of carbon monoxide include volca- tional health occurred during 1906, when the Medical
nic eruptions, lightning strikes, and beds of growing Department of the Universityof Pennsylvania empla-
kelp. But atmospheric carbon monoxide primarily sizedtheimportanceofcarbonmonoxideexposuresin
results from the incomplete combustion of carbon- the felt hat industry'
aceous materials. In nonindustrial, urban environ- Early 2Oth.centuty scientific and medical literature
ments, the major man-made so', ce of carbon monox- documents not only the magnitude of the interest,
ide is the incomplete combustion of motor-vehicle frequency, and types of poisoning potentials, but also
fuels, with exhaust gases from internal combustion the medical importance of carbon monoxide poison-
engines accounting for approximately 60% of emis- ings that occurred in both domestic and industrial
sions' Bemause hds manufacturd during the early environments.2 Before equipment to quantify carbon
20th century(eg,watergas, coal gas, and producergas) monoxide was readily available, it was considered to
usually contained high cnenttiom of carbon mon- bea prudent safety measure to regard all flames from
oxide, they caused innunmrable instaces of poison- carbonaceous sources that impnged against metal as
ing. In contrast, natural gas-obtained from wells In potential carbon monoxide exposure hazards: the
coal-bearing ares-contained only trace amounts of metal would cool the fire and the resultant incomplete
carbon monoxide pror to incomplete combustin 2  combuston would produce carbon monoxide 2 Sev-

Becausecarbonmonoxideisacombustionby-prod- eral excellent historical reviews of carbon monoxide
uct, toxic exposures are especially likely in conflagra- exposure, such as J.S. Haldane's, which was based on
tio of buildings, kilns, and grates; explosions or fires his 1915 Silliman Lectures at YWle University, contrib-
in mines; the detonation of explosives; and even to- uted to the developing databaseY'-

bacco smoke." Fires associated with timbering in
mines, reinforcemntofdeepdugouts, and interiorsof Steel Manufacturing
burning buildings are recognized as sources of signifi-
cant exposures tocarbd monoxide During the early Blast-furnace gas was a product of the steel ndus-
years of the 20th century, toxic exposures to people try. Thegas was produced during thesmeltingof iroa
who attempted to remain warm using open coke bra- ore, as a result of partial combustion when coke and
ziers were not uncommon, especially among occu- limestonemixeswereinjectedintotheblastfunace In
pants of dugouts or other sma= ill-ventilated struc- a collection process from the upper stack, particulate
ture The most common caue of death in fires is and gaseous contanants were removed using filtra-
smoke inhalation and therefore carbon monoxide is a tion and water scrubbing. The resultant blast-furnace
major cause of death in individuals who succumb to Was was carried by overhead pipes tobe rzntroduced
smoke inhalation' into the furnace as a combustible source of heat for

Effects of toxic gas exposures associated with the blasts ,essteam productionadgas-enginepower.
wodrlpace were described by Tanguertl des Planches Althomgh the compositio of blast-furnace gas was
in 1839 and Dr. Hermann EulebeW g in 186. Claude variable, major components were, on average, nitro-
Bernard first discovered the complex identified as gen (57%), carbon monoxide (26%), carbon dioxide
carboxyhenoglbinin 158.V Inthe1880s, Proeor K. (11%), and hydrogen (3%-4%)3'0 Because the stel
B. Lemarnm and his students expanded the scientific industry in the United States, with fts numerous faCi&-
database related to toxic gas exposures based on ani- ties and industrial employees, was a prime source of
mnal iut. Industrial observanom ard carbon monoxide poisnig the industry provided
human control experiments One of the firt botnces the impetus for developing effective engineering and
of the involvement cf academic medicine in occupa- administrative controls.
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Combustion Engine Exhaust lism of the methylene chloride to carbon monoxide."
Methylenechlorideisa readily volatile chemical that is

Shortly after gasoline engines were introduced as a widely used in industry as a paint stripper, aerosol
sourceof motivepower, operators ofgasoline launches propellant, and degreaser. As a consequence of the
and drivers in taxicab garages frequently experienced volatility and lipid solubility, with uncontrolled use of
signs and symptoms of carbon monoxide exposure? methylene chloride, exposure potentials are high and
Production of carbon monoxide was demonstrated to the material is readily absorbed. Ineffective industrial
be greater before the engine had warmed to normal ventilation of operations such as degreaser tanks or
operating temperatures. Other conditions that gener- improper use of personal protective equipment may
ated increased amounts of the gas included engines cause carboxyhemogloMn levels to rise?
that were poorly tuned or operated at idling speed
withouta load. Exhaust from the gas engine contained Smoking
9.3% carbon monoxide, and an average concentration
of carbon monoxide of 0.042% was measured in ambi- Inhaling tobacco smoke (whether as an active or
ent air in five motor garages. Current United States passive smoker) is another source of workplace expo-
emissions standards are met with automobile ex- sure to carbon monoxide. The presence of carbon
hausts that contain as much as 8% carbon monoxide," monoxide in tobacco smoke and the associated eleva-
although current automobile exhaust technology tion of carboxyhemoglobin levels were recognized
usually results in substantially lower emissions. and reported in the 1920s Carboxyhemoglobin levels

above 3% were seen in 85% of smoking workers and
Methylene Chloride 47% of nonmokmng workers in NewYorkV. Most smok-

ers were found to have carboxyhemoglobin levels
The industrial use of methylene chloride is an un- higher than 2% compared to 1% or less for nonsmok-

usual example of an industrial carbon monoxide haz- ers. Carboxyhemcglobin levels were found toincrease
ard because ther L- no actual exposure to carbon by 1% to 9% with smoking. Heavy smokers wexe
monoxide itself. Workplace exposures to methylene reported to have levels of 15% to 17%. Taxi drivers
chloride have been followed by increases in carb- whosmoke were reported tohavecarboxyhemoglobin
oxyhemoglobin levels as a result of humans metabo- levels as high as 13% (the mean concentration was 6.9%).

MINTARY EXPOSURES

Although exposures tocarbon monoxide havebeen World War L Comba: Mining Operation
recogiized as long as work has been done in associa-
tion with partially burned carbonaceous fuels, mili- Only mining operations that were used in a defen-
tanT personnel may also experence significant expo- swe tactical posture were employed dining the early
sures in ways quite different from those in the civilian part of World War L Mining operations were simple,
sector. Some documented historical drcumstances withasingleminegalleryconstructedtoguardimpor-
and weapon systems have resulted in substantial ex- tant trenches or sectors of the line. By the fall of 1915
posures and sometimes the deaths of exposed service and increasingly later, mining was used in a more
members. offensiveposture. Offensiveoperationsrequired mo

"The use of mining in military operations dates from extensive tunnels, tunnel galleries, anJ larger quan6-
remote antiquity. Inadequate ventilation was recog- ties of high-explosve munitions. And as mining op-
nizedas anearlycause of thedifficulty of maintaining erations increased in frequency and intensity, more
burning torches, espe-cially when the galleries (mine soldiersbecame poisoned by theSamesasrSoated with
tunnels) were long. It was widely repoted that men the detonations. Although carbon dioxide, hydrogen,
were frequently overcme by what we now recognize methane, and oxides of nitrogen were also generated
as both oxygen deficiency and carbon monoxide by the detonation, carbon monexide was by far the
accumulation within the mines. The effectiveness of mos important poisonous gas associated with milf-
asphyxiating gases in mine warfare was well known, tary mining (figure 11-2).
with the earliest recorded use at the siege of Ambrada Mi-din was also used to promote forward move-
in 189 or. TheAetollans filled jars with featherswhich meat of the troops at the front lines. An explosive ina
were then set on fire, the smoke was blown into the orward-directed mine gallery would be detonated,
faces of the oncoming Roman soldiers' whikh would create a crater 60 to 90 ft in diameter.
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Ocupatuinal Hralth: The So&Wrand the Industrial Base

Within a few minutes, the infaatry would move for- and providing appropriate therapy. Data for the trea-
ward, occupy the crater, establish bombing posts, and tise were gleaned from human exposures and labora-
consolidate their position. Although the loosened soi tory animal experimentation with an extensive series
usually permitted rapid dissipation of the carbon of toxic gases.
monoxide, soldiers were frequently overcome as a The French writers identified several hazards asso-
.esult of gas entrapti.wnt, incomplete detonation with ciated with exposures in enclosed spaces:
its subsequent gas collection, and absence of wind or
"dull, heavy atmosphere." Burring gas, which fol- * gtm fire from dosed shelters with inadequate
lowed an incomplete detonation, could often be seen ventilation,
as a blue flame that could persist for 12 houre" * mine or canouflet la mine that explodes but

CompreoMgiewereusedtovenittethemnes does not craterd explosions with subsequent
and mine galleries. CArbon monoxide poisoning was contamination of communicating galleries,
often associated with the interruption of the engine a tunnel-construction operations in contami-
power (in order to listen), the use of substitute lubri- nated areas, and
cants containing mineral oil (such as castor oil) for the * explosions of incoming enemy projectiles that
cylinder of the engine, and unexpected breakdowns secondarily contaminated dugouts, shelters,
from belt trouble. Small petrol engines, usually in- or produced entrapped pocets of the gas."
stalled in dugouts, were often used as sources of en-
ergy forelectric lights and power requirements ithin The dangers of carbon mo~oxdde exposures were
the mnes. Carbon monoxide poisoningassociated enhanced by theabsence Ofodor, clor, and irritation.
with petrol engines m. mies werecoamon, espedally The gas was so insilious that an exposed inlividual
when the engines were new and cm was not taken to could fall tograsptheexposuredangeru ntilhenotlced
ensure that the exhaust was discharged into the open that the use of hisextremifies was impaired. However,
air;' despite its advantages and possibly because of its

Because carbon monoxide poisoning was a well "liitions, carbon monoxide itself was never used as
recognized hazard, soldiers working in the mines of- an offensive chemical warfare agent
ten used miceorcanaries asbiological detectors. (Mice
were sometimes preferred because they could be Wodd War Il Tank Wafare
trained to be caried in a soldier's pocket) However,
the use of canaries was occasionally counterprouo The World War U experience with carbon monox-
tive, as the following anecdote ilustratem ide was dominated by prblems associated with large

numb~ers of fighting in armored fighn ve-
One of the canaries kept in a mine rescue station hides (AF/s). The need for an accurate methodology
escaped from its cage and flew into the middleof 'No applicable to quantitath-e detection of carbon monox-
Man's Land,' where, a&ighting on a bush, it began to ide led scientists at the Armored Medical Research
sing. Consternation was -:aused in the British lines, Laboratory at Fort Knox, Kentucky, to develop an
for the discovery of this bird by the enemy would infrared gas analyzer that was not only reliable but
indicate •hepresenceo(miningoperatiom and would was sufficiently transportable tobe used for miesure-
mean that the work of w 3ks would go for naught. ment within AFVs. Peak levels of carbon monoxide
The Infantry In !he trenches were immediately or- were detected shortly after firing bursts in the M3A4
dered to open fire on the canary, but it continued tank." After five rounds from the 75-mm gun,
singing, heedless of the bullets which whistled round
it. It was not until th trench morar were called on the level of carbon monoxide was found to increme
toassistthatawel-placedshellwipedoutcompletely rapidly to 0.718% within I minute. If no additional
the bird, the bushk and the so' roundswerefired.ambietca ibo -noxnk4

rapidly to baseline levels within 4 mnutes. Carbon
Although some medka historians of World War I monoxide levels recorded with 37- mm firing were

identified carbonmnoxide(along with didiloroethy*- substantially lower than those found with the 75-m
sulphide sulfuetted hydrogen. and nitrous fumes) as gun (Figure 11-3).
poss sources of poisonous substances of military The same problem had, of coure, been recognized
significance, a medical treatise published in France in duringWord War L In the early daysof tank warare,
1918 emphasized the risk of cart•n monoxid" This aews who spent prologed times inside their tanks
treatise, entitled (translated from the French) The complained of headache and faintness. These prob-
Cinam l * 7Txrmputic Aspts of Gs Pisoninmg, was lems became more severe as later tank models were
directed toward diagnosing gas-intoxicated soldiers introduced. Signs and symptoms of exposure were
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Occuptiowl Hee/th. Th7 Soldier and the Inditru Base

eithera towing baror towingcable. Carbon monoxide At 1330 on 20 February, tank 9120-5 began a silent
levels were measured in four crew positions within watch and firing execse as par of the JOTI H pro-
the towed vehide driver, assistant driver, loader, and gram The exercise was run in accordance with con-
commander. ditions specified in the current Detailed Tesat Plan

Hazardous, le~ves of carbon monoxide were riot which c&lled for it to be run with hatches dosed, the
found the towed vehie when it was towed behind primary NBC Inudear, biologkal and chemicall sys-tem off, and the backup system (M3A) on. The
the M3A4 medium tank or the M32B3 recovery ve- silent watch portion of the at dse was nm with the
hide. In sharp contrast, however, the earlier M4AI engine off and the breech open (n round cham-
model tank and M32I model towing vehide were bered). The engine was strted periodically to re-
designed with their engine exhausts directed rear- duargethebt4teriesbuttheh,;•Csystem(whdihstas
ward ' When either of these earlier models was the automatically when the engine is starte) was se-
towingvehcle,riders inthe towed tankwereexposed letted 'offr immeditely upon actuation. The Arew
to levels of carbon monoxidein excess of 02%. Expo- was dr in NOPP W 11 ' protee-
sures were affected by changes in wind direction, five posturel. Bmthi air was supplied to the pro-

tective masks through the M13AI gas partilaesurface grade, monitoring position, and whether the filter unit. The driver sated that he used his mask
towing cable or towing bar was used. oy for the last 90 minutes of the exes 7e tank

FortheM4AI tankandtheM32BI recovery vehick operated in silent watch mode unti 2015, when It
an exhaust deflector shield was developed and em- moved to the firt range. The firn portion of the
ployed as a short-term remedlation The deflector exercise induded firing thirteen main gun and ap-
baffle design permitted retrofitting at the first-echelon proximately 100 coaxial machine gun rounds.
maintenance unit. When it was attached to the towing
M4AI taik, the deflector directed the exhaust toward Six main gun ruds ad the coa rund wee find
theground and effectively limited theexpoure of the betem 2U15 and 2040. The remaining seven main
soldierswho werrequired torideinthetowed vehide gun rounds were fired in the next seven minutes. At
(Figure 114). theendoftheexe1seýthekladershimped forward in

his ea and ppeaed to be in physical disbt . A
The Moden Era: Armored Fighting Vehdie; shAt time later, the tank commander o•fsed this

conrdtion, aroused the gurane, and assisted him out
we risk associated with cauloon monoxide eo -of the turret Afker performing Oth •• the tank
rand n- u havbeen cognzd for commanderalsoewrienceddizzineandflayldown

o on the tnk. Themedicsarrived at 205 and theloader
a long time Why then does this remain an important. and tank commander were taken to - Army Com-
unresolved su? During World War IL only about munityospitLarrivingaltI2121 hours. Thehospi-
3% of soldiers in the U-S. Army were deployed in tal recowdss hw admissio at 2145....
AFVs. How-ver, if a war were fought today the US.
Army would deploy at least 30% of its soldiers in During the medical evaluation of the tanls crew
AFV.M" Not only are more soldiers likely to be ex- members after th" esure, and shortly after their
posed but the levels of eqxpu may also be saignifi- admissio carboxyhernoglin leves were obtained.
cantly higher if control measures should fal. For The loader h a level of 33% carbo e
example* as ammunition has become increasngly and the tank commander had a level of ZI8%. As a
Urr,theamount opropellantchargerequired to fire consequence of the two admissions and th results of
the larger round *s even greater (round size is me&- the blood analyses, the remaining crew mnmbems,
sured as a squared vari charge volume as a cubic the gunner and driver, were brought and admitted
variable). Even the development and use of more to the hospital several hours lar. Their admission
effectivevetilabion systermand cleaner burning pro- carboxyyemoglobn levels were 16.5% (the gunner)
pellants have not completely eliminated the risk as- and 12.7%(thedriver). Aftertreate, tall crew mem-
sodated with carbon monoxide in today's AFVs. bens were without appfrent mquelae of

exposure."
MMEl T&A In March 194, recommendations were offered for

improving the MIEI tank
In 1964, an unusual exposure to carbon monoxide

wasreported during the operational test (OTU) of the * Reroute the air intake for the M13A gas pmr.
MlEl tank Trhe officUl nvmmradum filed after the ticulat fiber unit from the turr area to the
event said, in part: outside air (for intake)
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infantry fighting vehicle (IFV) in 1980? Real-time infrared, carbon monoxide analyzer for real-time car-
monitoring was done inside the 1FV during a worst- bon monoxide measurements!' Even though the de-
case firingscenario to determine peakand totalcarbon tection methodology represented acceptable indus-
monoxide exposure concentrations. The real-time trial hygiene practice, it wasnoted that theequipment
samples were collected using direct reading instru- was incapable of detecting rapid transient concentra-
ments connected to appropriate recorders. Area tions of carbon monoxide. Conditions in the BFV that
samples were obtained from"theapproximatebreath- were associated with firing and shown to affect carbon
ing zones" of the crew compartment, driver's com- monoxideconcentrations included the typeof weapon
partment, and the crew members- In one event, 200 fired, the position of the hatches (open or closed), the
rounds of 25-mm and 75 rounds of 7.62-mm•ammu- crew position, and the position of the turret with
nition were fired overapproximately 6 minutes. In the respect to the hulL
turret, a peak exposure concentration of 1,920 ppm, Fuiing conditions were limited by selecting wind-
average exposure concentration of 825 ppm, and total speed conditions. Closed-hatch firing was not permit-
exposure concentration of 4,950 ppm-minutes were ted at wind speeds greater than 10 mph, and open-
measured. (The term ppim-mtnutes" used with the hatch firing was not permitted at wind speeds greater
total eqxpure concentration is based on the concept than 5 mph. Hull fans were turned off, gtm bags were
that the cumulative personnel exposure dosage is a zippered, gas particulate filter units (GPFUs) were
product of the average measured airborne concentra- turned on, and both 7.62-mm and 25-mm rounds were
ion and total exposure time.) fired.?

It was decided that the initial exposure measure- The results and conclusions of the 1984 study dif-
mentperiodforthelFVfiringevent"shouldhavebeen fered from those in a 1962 medical repot, which
fired overa 20-minute period rather than the6-minute indicated that no medical hazard was identified with
firing."f Carbon monoxide measurements were ob- firing the weapons in the infantry fighting velhide.P
tained when thefiring scenario was repeated overboth With the single exception of one measurement (48%
20- and 60-minute periods of weapons fire. Several carboxyhewnglobin)inthel984studyallUfringcondi-
peakexposuresinthe turret wereabove 600 ppm, with tions were expected to generate carboxyhenxolobi
anaverageexposureconcentrationofl90ppmanda levels above 5%, and in three of the conditions,
total exposure concentration of approximately 11,400 carboxyhemoglobin levels ranged between 11.0% and
ppm-minutes. The firing-exposure scenario was re- 13.4%. The maximum peakconcentration, 1,462ppm,
peated; this time, peaks that were measurvd in the was measured at the driver position; levels of 1,087
turret exceeded 800 ppm and total exposure concen- and 1,200 ppm were identified in the troop compart-
trations measured approximately 24,730 ppm-min- ment. Operation of the M13 GPFU, which has no
ute!. In the driver's compartment, peaks in excess of capacity to remove carbon monoxide, resulted in up-
400 ppm and total expsure concentrations of about take of carbon monoxide within the driver's compart-
10,600weremeasured. Inthecrewcompartment, peak ment with subsequent distribution to eachcrew mem-
exposures above 400 ppm and total exposure concen- ber and troop occupant."
trations of approximately 8,200 ppm-minutes were
measured. Ml09 Howitzer

In summary, total concentration exposures in the
IFV were found to exceed the acceptable limit of 6,000 The health hazard assessment on the M109 Howit-
ppm-minutes established in Military Stafdard 8OD, zer Improvement Program (HIP) identified carbon
With respect to the measured peak levels, some peak monoxide exposure as an area of medical concern in
exposures were above 800 ppm, which exceeds excur- thedevelopment of the howitzer. The HIP, designatedsion values "considered acceptable by any standards- as the M109A3E2 is an armored,fudl-tracked howitzer
setting body."" For the I1V, under the conditions of crrying a minimum of 34 complete, conventional-
the firing scenarios, the study concluded that expo- geometry rounds and two oversized projectles on
sores coul result in carboxyhemolbin levels of boarcL The main armament is a modified, 15S-mrm,
about 15% in 15 minutes. The potential exposures M185 cannon assembly (the M284), and M178 gun
were considered to represent a health risk that could mount The modified muzzle break deflects propel-
cause sgnificant symptoms and signs consistent with lant gases back along thegun tube rather than perpen-
impairment of combat effectivenessY dicularly as the unmodified predecessor models did.

In a study of the Bradley Fighting Vehicle (BFV) The M109 howitzer is generally operated by a crew of
performed in 1964, carbon monoxide measurements four and is operationally supported by ammunition
were obtained using a dual channel, nondispersive, resupply vehicles.
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Numerou envOnmen~tal, sampbin,& and conflgu- curreintly reqyred during operational tes"n of the
ration variables influenced tIhe cocentrations of Pro- M109 howitzer developenental series?'
pellant miNbwtion testin with the M109 howitzer
evaluatione'Tube-flringlevationwispeed,wlnd Military Aviation
"dI edion hatch configuration Ventilator mode, pro-
peln type, propellat quantfity, system componerd 11crotonoxideexpotieshovebeen
failure fire rate, and industrial hygiene sampling demns wdininlitaraviaionmwhereur~ntr~ol
pract ices- all appeared to influence the study results& exposresineawypistOn-drivenlrcrftwererespon-
The bore evacuator is a presure-responsime tube- sible for the deatis of many pilots. Omeearlylnvesti-
evacuation system that is desagned to promote the ator reported on a death that occurred in 1930-

Mmenofpostfireconibwtiougasefrointhebreech
toward the muzzle Both comnpromised bore evacua- Thesommtuofabonmoawddepoisoningwhich forms
tor function and wind direction le~a head wind blows the boshs of this artkice is the exhaust gao of the
combustion gases out the breach despite a functional gasoline Mom olar the airplane and airship and wa
bore evacuator) are critical varziuabes associated with bogito tkatlo by the death of Capt. Arthu H.
exposue cnentrations afe fblng. Page, Unhted States Marine Crps, at the national air

Affmo he uthirsofthehaf haardames- race, Chicago, September1, 1930, and the PAws-
Altoug theor autof the the helt -aw ofct s-i i

ment. which was performied at USAEIIA in 1988, blo od frtec~k
conclude tha the lack of data replication limits the
general applicability of the findings they consider lna144oprtmar alcraftpntoTexeienecanbo
several observbon to be reliabke In seneral, they monoxide exposur as a result of a defective engine
state that the wMcsfraringsm owfed when eximst his behavioral responses were recorded by
the veicle's hatches were closed. In that operational his feflow, aviators They reporte that the pilots
mode, the crew compartmnent Was mainained under& behavior appeared to be reated to the simultaneous
shomptneatvpresumewhldhdrewwcmbustiongse hin mteral of carbon monoxide and alftitd (in other
from the breec hito the crew compartment when the words, the decreased partial pressure of oxygen. At
cannon breech was opened. They concluded that a o f~the, lthe&S fightonsesp mwere normaL
head wind sigrisficartly increased the expsure to Howvr fer a sceifttol0,00fatkithhisavia-

cobustion gases, Finally, they concluded that tion section. he made only the first flilght entry cor-
rcrf hmuzzlebreakckaculynrs redy. Mi subsequent fight pattern and behavioral

the crew's exposure to the coombustion gaseO? eposeessprogressiveydeteriorated. Asa result
Projected expommr data for the M109 were devet- ofthe tinofnthriratpltheailbly

oped for carbont monoxide based cc the Operational of ~ftghý Oxy &M the decrease in altitude, the
ModeS mrwy/Mlulm Profie (OMS/MP. Carbon pilot improved enough to properly land his craft The
nwmonde data hav bee used in a concurrent calcu- pilot recalled that he was aware that there were diffi-
lation of the maiumum allowable consecutive epi- adkwtlf* osadiovoedah
sodes (MACE) to limit the M10%,assiociated carb- had difficulty grasping the throttl) He aso, remem-.

oxyeinglointo 10%. The ONSIMP stipulates 5 bered that he coul not always, see his section leader,
rounds per nmisson 51 ndssions per day, and a total of tlihorbm northedouds~but had a bfeelnofWbts
254ron~idsperday. Average caron monoxide expo- th diffierenr Unfortunately, the pilots carboxy-
sure levels during the HIP firing were identified in a --ml~n vh ee o demin*ýe
broad range,fromfitoZ300ppmat the cew positons Athbough carbon monoxide exposure have been
The health hazard assessaret team at LJSAERA arbi- eiiina-ted from the exhaug systemn of aircraft high
trarlycoseanaveagLe.Meof1l2ppmandcaluaed* taranelntexponisto the toxic fiums havebeeanamo
the 24-hou exposuie risk of the development of a dated with gufr~e. when weapons are used aboard
2W)% carboxyh=-&eIogLobl level. Their estimate thata& aircraft In INS8, an evaluation was performed of the
53-minuteoexposuemaybereeae 17 times (le. the carbon monoxide emission from the M134 mn*gun
MACE) without eicceedlnga 10% cLzbooyhenIgkA i mounftd in theUH-60A BlackHawk heliopter:. lathe
leve remains unconfirmed, but has been recoin- te&m o A IZ0wn eeiehff
mended for M109 trainigand testing missions. Simni- replicates of five separateP finin conditions, The high-
lady, thei position that the risk Of firing-assciatd es avrg ambrnton u noxide-expomm con-
health impairmen is begligible is Veaative anid cntrtion was79.4ppm foraduration f4 minuses.
remains unconfirmed. As a consequence, medical 1j* calulted fmaxmum predicted carboxyhemo-
amon-ito ing for coabo monoxide exposure eFfe6 is globin response was 4.%0%, and no firing restrictions
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were recommended.2" Peaklevelsof carbon monoxide involving family members living in military housing
were not reported. facilities have been reported.

Charcoal block heating, the custom of heating
Household Heating homes with coal or charcoal fires inside or under the

structures that is common in Korea, is a significant
Exposure to carbon monoxide in the military is not sourceofcar onl xideduringthewintermonth ?

limited to weapons systems: inadequate home venti- In one recent incident, a US. Army field commander
lationisacommon source ofexposure. Large numbers and his family awakened in the middle of the night
of US. Army forces have been stationed in Germany, with severe headaches. Evaluation at the nearest
where coal has been used as a source of heat in family medical facility confirmed carbon monoxide exposure
housing Casereportsofcarbonmonoxidepoisonmgs and etiology.

PATHOPHYSIOLOGY OF EXPOSURE

The need to develop an effective treatment for car- nent researcher could identify no residual carbon
bon monoxide poisoning had a disproportionately monoxide6hoursafterexposure(usingaspectropho.
large hmpact on medicine. Not only did it enable us to tometu technique, the lower limit of sensitivity was
treat the poisoned patient, it also provided an insight 025W)? One researcher concluded, in 1920, that
into resrtoy physiology. Carbon monoxide com- carboxyhemoglobin was actually metabolized in the
plexes with hemoglbin to form carboxyhemoglobin, liver, with metabolic components secret into the
which perverts hemoglobbi 's normal function oxy- bowel through the biliary tact.r ' The postulated
gen transpot, method of animal and human excretion of carbon

monoxidewas thought toinvolve hepaticmtbolism,
Cabw Monoxies Hemoglobl-St-Dhug Affinity with the bon monoxide molecule probably remain-

ing with the globlin end of the hemoglobin metabo-
The complicated physiology of oxygen transpo lite. This view held that the globulin moiety was

and carbon monoxide's deleterious effects on it are presumed tobe disposed ofas a urea product and that
best understood when placed in their historical con- carbon monoxide was "treated as foreign material and
text. Controversy and difference of scientific opinion excreted."2

enveloped toxicitystudiesforcarbonmonoxideexpo- As a result of his interest in coal mining-related
sures during the early 20th centuy and were reflected carbon monoxide poisonings, Haldane initiated stud-
intheeady literature. Haldanebelieved that theeffects ies in the mouse which were first reported in 19M. He
of carbon monoxide exposure were caused by the demonstated that the mouse, when expsed to a
preferential binding of carbon mnuoxide to hemoglo- partial pressureof 2atmofoxygen and I atmofcarbon
binwithresultanttissuehypoxia. Hodero,Ka-sek, monoxide, survived without difficulty. The mouse's
and Apfelbachsupportedflaldane'sview. Incontrast, only apparent limitation was a diminished exercise
Pbec had re ei in 1888 that carbon monoxide tolerance. Therefore, Haldane (a) discounted others"
toxicity resulted from a direct toxic effect on the tis- scientiflcclaims concerning the potential inherent tox-
sues. The direct-effect theory was based on the rapid icityofcarbon noxideand(b)demonstTated that the
onset of narcosis, early muscular weakness in the advers effect of carbon monoxide was related to its
lowerlmbs,ocrrem n ofngreneasa complication powerful competitive, ah l- bnn affinity!
and damageof the lenticular nuceus of the bain. Hill Hak ne and Douglas published ther classic find.
Semerak, and Lanossier supported Poeldie's view. ingsreatedto " tionuves
They noted thatanimaldeathsoccurred more rapidly, in human blood in oxygen-deficient atmospheres in
and were asmodited with different signs, when placed the mly 19OL. They repoted an apparent paradox:
in an atmosphere containing carbon monoxide corn- an individual with a normal hemoglobin level, of
pared to simple asphyxiation with nktrogen. which S0% is caohm oo has more severe

Studies that investlged aohern ow6!Ii sta- symptom than does an individual with a M0% decre-
bility and the recovery of hemogo 's oxygen-bW- mert in hemoglobin, none of which is carboxyhemo.
ing capacities wee performed fn the early 1900s. Al- Slobin. It appems that carbon monoxide has ome
though son-e scientists reported finding carbon effect an symptomatology that is unrelated to the
monoxide in blood 24 hours after the exposure to amountofaeagobinavailableforoxygentrapt.
carbon monoxide had been terminated, om promi- HdaneandDou exlahed flthat theparadoxaose
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from the relative binding affinities of the differing hydroperoxidase (However, these account for only
oxygen-binding sites on the hemoglobin molece. 10%-15% of the extravascular carbon monoxide in a
Hemoglobin molecules with one-half the available well individual)'
binding sites occupied by carbon monoxe released The interaction between carbon monoxide and he-
oxygen with great difficulty from the remaining two moglobin is graphically represented as the ca=boxy-
binding sites on each hemoglobin molecule hemognlbin dissociation curve (Figure 11-5). At first

In Haldane and Douglas's early reports, compari- glancethecurveappearstobeverysimilarin shape to
sons of the relative oxygen- and carbon monoxide- the oxyhemoglobin dissociation curve (Figure 11-6).
binding affinities with the hemoglobin molecule had On closer inspection, however, it becomes apparent
been performed using samples of their own blood. that the range used for the oxygen pressure scale
Interestingly, the relative carbon monoxide-oxygen ranges from 0 to 150mm Hg while the range used for
binding affinity of Douglas's hemoglobin was report- carbon monoxide is between 0 and 0.5mm H& This
ed as 246; Haldans hemoglobin biding affinity difference represents the differential affinities of oxy-
was 299! gen and carbon monoxide for hemogloin the differ-

In 1927, Haldane demonstrated that mechanisms in ence is approximately 230MfokW? When oxyhemoglo-
addition to the effective production of carboxyhemo- bin and carboxyhemoglobin dissociation curves are
glkinmightaccountfor thehelth effectsm carbon plotted almg the same abscissa, the line representing
m exposure. Animals that he exposed to high saturation with carbon monoxide curves steeply up-
concentrations of carbon moxide under hyperbaric ward to theleft of the curve representing oxyhemoglo-
111ditsdevek atissuetoxiatydespftadequate bin. If the graph for oxyhemoglobin dissociation

oxygenation. In these experiments, Haldaneexposed were to be superimposed on the graph of caboxy-
animalsto3.1 atm ofoxygen, then added anadditional hemoglobin dissociation, complete saturation of the
atmosphere of carbon monoxide. The animals' hemoglobinwithcarbonmonoxide would occurprior
carboxyhemoglobin levels rose to 96%, but as long as to (to the left of) the steep upward slope of the oxyhe-
oxygen was dissolved in the plasma, the rats suffered moglobinconcetration. These differing curvesdem-
noill effects. However, when a second atmosphere of onstratethediferencebetweenhmoglobin'soxygen-
carbon momoxide was added, the rats promptly died. and carbon monoxide-.biing affinities.
This indicated to Haldane that carbon monoxide had a The National Institute for Occupational Safety and
direct effect on tissues, probably at the cellular leveL Health (NICH) defines the term ffin'y cmstan as
This explanation was supported in 1950 when a re- -the nunber of moles of oxygen which must be pre-
searcher demonstrated that microsomes in cells were sent with each mole of carbon monoxide in order to
inhibited bycarbon mxonxide. and that this inhibition maintain an equal saturation of hemoglobin.7" Re-
involved enzymes associated with electron transport, ported differences in the binding affinities appear to
specifically the Pt-crme W0 systemY" The cyto- reect&idividualmawespdrfe forexample,
chruome P-450 system is now recognized as one of the some accept 210, others 230, and others 250. When
most important metabolic biotransformation path- carbonmonoxidebindswith hemoglobin, thebindig
waysin thehumanbody. Cabonmonoxideapparently affinityof the carboxyhemoglobin complex foroxygen
affects oxidative and reductive reactions in these is increased, compared to that of normal hemoglobin.
pathways. Not only does the hemoglobin combine preferentially

with carbon monoxide rather than oxygen, the oxyhe-
Cobibs eMoodbi ob-Dk bodablon moglobin dissociation curve is also affected so that

oxygen is released less readily within the tissues (i-
The most commonly recognized primary actim of ure 1-7W

carbon monoxide is its preferential binding w2th he- The physiological and clnc effects of carbon
moglobirt. This deprives hemoglobin of its normal monoxide are primarily those of anoxemia (oxygen
oxy gf-combining function and results in a condition want) from a decrease in tissue oxygen (a combined
that can be thought of as "anemkc hypoxia. The eifect of the reduced oxyg-carrying capacty and
chemical reaction is a reversible mass-action equilib- ipainred oxyhemoglobin dsociatko). As a resul,
rum and proceeds based on the massor partial pe- the tissue hypoxia that is produced following carbon
sure (tensio) of the gases in pulmonary air, an action monoxide exposureis greater than the amount caused
that allows effective treatment.' In addition carbon by an equivalent reduction of ambient oxygen (e&,
mooxtde demically binds to a number of heme- altitude) or equivalent reduction in hemoglobin (eg,
containing proteins including hemoglobin, myoglo- anemia)! After dissociating from carbon monoxide,
bin, cytochrome oxidase, cytochrome P450, and the regenerated hemoglobin shows no impairment or
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Cadmb Moxide

residual decrement of oxygen-carrying capacity. The cause oxygen radicals to be generated, which would
hemoglobin molecule resumes its normal configura- result in cellular damage.3
tionandfunction, The residualdinicaleffects follow- More subtle modes of injury or dysfumcton may
ing carbon monoxide poisoning appear to be second- also be possible Humans normally produce small
ary to tissue damage caused by oxygen deprivation at quantities of carbon monoxide through the action of
the level of the affected organ. the enzyme hemeoxygenase. The fact that hemeoxy-

However, because ! 0% to 15% of the body's total genaseimpresent inhigh concentration in several areas
carbon monoxide is bound in the extravascular of the brain, together with carbon monoxide's known
space"•' it may be that some of carbon monoxide's ability to activate intracellular enzymes that are irm-
toxicity is not directly related to defective oxygen portant in the regulation of cellular function, suggests
transport Cytochrome a3 oxidase has been suggested that carbon monoxide might serve as a neurotransmit-
as the (or perhaps a) major site of toxic action of carbon ter in the central nervous system (CNS).- It is easy to
monoxideY 3 In addition to cytochrome oxidase, imagine that small amounts of exogenous carbon
other extravascular proteins that bind with carbon monoxide might cause undesirableeffects. thatarenot
monoxide include other heme proteins such as myo- associated with carbon monoxide's effect on oxygen
globin, and cytochrome P-450. The interaction of transport, not only in the CNS but phaps elsewhere
carbon monoxide with the hyperp.roxidases might as welL

HEALTH EFMECTS

In experiments using himself as the study subject in (discussed earlier in this chapter), who concluded that
1895, Haklane reported that he noted the firstapparent
effects of carbon monoxide exposure at a concentra- , 1 part carbon monoxide per 0,000 partsambi-
tion of approximately 20% carboxyhoeioglobin! At ent air may produce casualties;
that level, he noted (in association with running up * 2 parts per 10,000 may be fatalt and
stairs) diziness, palptatioand hyppnea. Haldane * 3 parts per 10,•O is fatal witlun 20 minutes for
relprted increased pulse rate and deeper breathing at a man at rest and much soonerduring physical
30% carboxyhmoglobinsaturation however,because exertion."
he feared he would faint, he did not report on exertion
at 40% saturation. His hearing, vision and intellect Symptomatology and collapse from exposures had
seemed impaired at levels of 50%, with impaired mo- been correlated with exposum early in the 20th cen-
tor function, diminished writing ability, and impaired tury, a rough estimate of timeto Lethality forman was
perceptio Associated signs included extreme exer- associated with breathing0.2% carbon monoxide for4
ciseinolrnceandcollapseatS0Dcrboxyhemoglobin toShoursor0.4% for I hour. Foraircontaining2%to
content 5% carbon monoxide, such as is found in mine explo-

Early reports indicated that death resulted at a level slons, a fewbreaths were considered lethal, with death
of approximately 80% carboxyheglobin.. Most n- occmringas"quildyasit drwning'or"rapidlyasif
conscioustindividuals did notimmediatelyregaincon- struck by lighting."2 In cases of rapid collapse, no
sciousness with treatment, and individuals who re- apprehension or other apparmt prodromal warnings
mained unconscous for periods longer than 24 hours were reported Poisonings associated with lowerco-
after theirremoval from exposure were considered to centrationsofcarbonmenoxtdewerereportedtocause
have significant potent CNS or cardiac seqelae' headache, tinnitus, epigastric distress, weakness, hal-

Ha•lane nitally postulated that a concentration of hicinations, blurred vision, and convulsions.
0.0% carbon monoxide in ambient air would be re-
quired to produce an in vivo concentration of 30% Autopsy h
cawboxyhe goininhunns. The observations and
conclusions derived from subsequent experiments re- Early reports of death attributed to carbon monox-
suited in the revision of the exposure level to 0.02% W poisoring indicated that anatomic autopsy find-
(200 ppm) of ambient carbon monoxide to produce tnps were helpful in diagnosis of the cause of death.
30% saturation? The skin color of the poisoned person differs from the

The relation between carbon monoxide's toxicity skin color of persios dying of other causes! The bfe
and its concentration in ambient air had been empha- may be bright red and rose-red spots may be present
sizedby theFirechauthors of the 1918medical treatise on the face, neck, breast, and limbs. The color of the
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skinbetweentheredareasisalsolikelytobeabnormal always correlate with the degree of clinical impair-
and may be cyanotic. Blood color in poisoned indi- ment associated with intoxication, the tabular infor-
viduals can range from bright red to very dark red to mation remains useful as a general guideline.'
black. There is no change in blood coagulation. The critical target organs of carbon monoxide ex-
Ecchymoses, effusions, or hemorrhages occur with posure (a) are metabolically active and (b) require
reddening of the digestive tract. There are no marked continuous supplies of oxygen-rich blood. The most
charactersticchangesintherespiratosy tract, although critical,= systems appear to be the heart and the
a thick, frothy mucus or digestive contents have been CNS.•'"
found in the upper respiratory passages. Hyperemia A carbon monoxide-exposed individual may ap-
of the brain, with edema and blood-tinged intraven- pear to be grossly normal and the typical findings of
tricular fluids are characteristic findings at autopsy, carbon monoxide poisoning may not be identified
Local hemorrhagic lesions may range from micro- during a routine exam. The findings are more appar-
scopic to "the size-of an apple." ent if the examination a directed toward abnormalities

Other pathological abnormalities including spec- of function of thebasalganglia. Insultsof basalganglia
troscopic evidence of carboxyhemoglobin, broncho- function are characteristic of carbon monoxide in-
pneumonia, fatty degeneration of blood vessels and toxication and include tremor, slowed reaction time,
heart, extensive tissue hemorrhage, necrosis of the impaied manual dexterity, mVpr hand-eye coori
lenticular nucleus, thrombosis, and encephalitis were natoandd&fu seTmqu gcomplex mov mts."
commonly reported sequelae! With high-concentration exposures, carbon mon-

oxide is readily absorbed and the carboqyhemoglobin
Sips and Symptms of Carbon Mwooxide Poiaing content increases rapidly. In this circumstance, only

transient weakness or dizziness may be noted before
The progression of signs and symptoms of carbon the individual becomes unconscious. When expo-

monoxide poisoning and increasing levels of suresare moreprolongedandthecarboxyhemoglobin
carboxyhemoglobin were described in 1923 and have content increases slowly, affected individuals may
been reproduced, with minimal modifications, in remain conscious but unable to escape because of
medical textbooks for more than half a century (Table weakness or impaired judgmenLt
11-W). Although more recent researchers have recog- Based on lay accounts and inal observation, the
nized that the carboxyhemoglobin level may not military circumstance in which exposure conditions

TABLE 11-1

SIGNS AND SYMPTOMS OF CARBON MONOXIDE POISONING

Carboxyheirwglobln
Saturatio () Sis and Symptoms

0-10 None

0-20 Tightness across fonehad, possibly sligt headache, dilation of cutaneous blood vessels

2D-30 Headache, throing in temples

M-40 Senvre headache. weaknes., dizziness, dimness of visio nausea and vomlti.g, collapse

40-50 Same symptoms as at 30%-40%, but with greaer possUbilty of collapse and syncope, and
increased rates of respiration and pulse

50-60 Syncope, incremd rates o( respiration and pulse, coma with intermittent convulsions,
Cheyne-Stokes's respiration

60-70 Com~a with intenrittent convuhiom, depressed heart action ard respiration, possibly leading
to death

70-0 Weak pulse, slowed reration, respiratory faiure and death

Source- Adapted from Sayes RR Ya•t WP. Danm of and treatmot foi carbon mon'ddpomisa Aepwts of im•" Iex. US De-
patnet oc the Interior, BD neau of Mines May I9M3 R1 2476. AvdlW"le frm UPDATA Pubiatioms Inc. Los Aeles. Calif.
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were superimposed on combat conditions compli- Men at ret have often been exposed to carbon mon-
cated the individual's awarene of the symptoms of oxide all day withmt noticing any mared fil-ects,
carbon monoxldepolsoning. With the moderateexpo- but on walng home or exercising have experienced
sures experienced during World War I, the onset of severe symptom, even to uncon&5ouw°sns
symptoms of intoxication associated with uncompli-
cated amixema was often first noticed aL a loss of In cases of high-dose exposur, the onset of syn-
power in the limbs. Giddiness, confuson, breatless- cope may be rapid and not associated with other signs
ness,and palpitations were reported to f w increas- or symptoms.'
ingambient cab monoxide concentrations Mental Stage IL from syncope to coma and death, ischarc-
confusion caused individuals to appeardrunk shout- tnized by nmvous-sysm depression. These signsand
ingincohemtly,laughinswearinorprayin. The symptoms indude an increase in p,.m and respira-
noental confusion appeared to suppress the desire or tion, fall in blood presswe, loss of muscular control,
ability to seek escape despite apparent danger. As loss of sphincter tone, loss of reflexes, convulsions,
limiting factors in egress and avoidance, the mental Cheyne-Stokes respiration, slowed pulse, decreased
Impairments associated with carbon monoxide expo- respiratory activity, apnea, and death.'
surappeared tobe compounded by thelossf strngth
in the limbs. With progressive apathy and helpless- Expose and Muular Exetion
ness, many individuals passed gradually into coma
and death.' The character and degree of symptoms associated

In contrast to the rapidly progressive signs of acute with carbon monoxide exposure depend on the dura-
exposures to high ambient carbon monoxide concen- tion and concentration of exposure and the amount of
trations, many cases of mild poisoning developed muscular activity. The symptoms and aftereffects of
more slowly and were associated with the nonspecfic exposure are more severe after prolonged than after
clinicalwarningsignsof headacheand nausea, similar short-tekmm high-level exposure. Muscular activity
to those experienced with mountain sickne' The increases, oxygen demand and accentuates exposure
degree of dinical response depends on the effects; resting individuals may experience no symp-

toms prior to the onset of "n e '-'
- rate of absorptio There.tionshpbetweencarbonmonoxideabsorp-
* final carboxyhemoglobin concentration in the tion andexerciseisdirftpoportionatotheamont

blood, ofairbreathed.At moderateexerse~,apersoobreathes
- duration of hypoxia, approximately twice as fast as at the resting rate;,
* preexisting health status, and therefore, carbon monoxide absorption is approxi-
• concuff-nt whole-body oxygen rtuiremenL mately doubled. Heavy work increases the respira-

tory rate by approximately 3- to4-fold, with a ptopor-
The earliest and most constant ocular signs of car- tional increase in carbon monoxide absorption.'

bon monoxide exposure are congestion of the retinal Firefighters are at extreme risk of carbon monoxide
vessels and hyperemia of the optic disc. W. H. Wilmer exposu while working ata heavy degree of exertion.
noted in 1921 that findings ofamblyopia and complete For example, researchers have estimated that a fire-
blindness were sequelae'n'tf etly observed fighterhasa 25% f as in carboxyhmogbin after

2 minutes of exposure to a concentration of 1.000 ppm
Stabag of Sips aud Symptiums (W.1%). With heavy exercise, a 60% increase in carb-

oxyhemogkiin content is predicted after a 2-minute
Since 1909, the signs and symptoms associated with exposure to 2% carbon monoxideand a75% increase is

exposures have been divided Into twodstagesdepend- predicted after a )-minute exposure to 5% (50,000
ing on the responses of the nervous system. Stage L, ppm) * Other factors such as low oxygen pressures,
fromnornaltotheonsetofsyncope,isoftenassociated high temperature, and high humidity also cause a
with eurological stimulation. Stagelsignsand symp- relative Increse In carbon monoxide absorpton.'
toms may include tightness across the forehead, cuta-
nesvasodltatioofrontalorbasal headache, throb- Ceftral Nervou Systm Effects
bing of the temporal regions, weakness, diziness,
nausea,vomting, lossofsftngthormuscularcontroL The plethora of signs and symptoms of carbon
increased pulbeorrepiton. and collapse. Signsand monoxide poisoning are charactetltsc of those seen
symptoms am more severe when exposure is associ- with progressive hypoxia, but they also can mimic
ated with exertse vialyany neurologc r psycdhtricllnes. Signs
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consistent with multiple sclerosis, parkinsonism, bi- as low as 2% to 3%. Although those studies failed to
polar disorder, schizophrenia, ind hysterical conver- endure peer review, it has been postulated thatangina
sion reaction have been reported in association with could occur in working individuals following carbon
acute carbon monoxide intoxication.! NumerousCNS monoxideexure!'Otherstudiesindicatethatmyo-
sequelae following carbon monoxide poisoning have cardial irritability may result in abnormalities of the
been reported. They may include headache, muscular electrocardiograph or arrhythmias with carboxy-
pain, loss of strength, loss of memory, paralysis, tern- hemoglobin levels above approximately 9%.?
porary blindness, and mental derangement. In most Chest pain and tachycardia, in response to tissue
cases, the sequelae clear within a few days, but may be hypoxia, may be present with carbon monoxide poi-
seen for months or years following the acute event. soning. Carbon monoxide lowers the threshold for
CNSsequelae havebeen reported toincludechoredm ventricular tachycardia and tierefore death secondary
movements and convulsiousý cortical blindness, to arrhythmia is commonly associated with poison-
peripheral neuropathy, and delayed neurological ing" Individuals with preexisting cardiac disease,
sequelae." Neuropsychiatric sequelae may be more coronaryartery disease, anemia, and lung disease are
common than is generally appreciated, with findings more susceptible to the effects of carbon monoxide-
of permanent sequelae such as personality deteriora- induced tissue hypoxia,"
tion or memory loss in 0.3% to 10% of patients." Astudy titled NonlnvsniveAmbudltoryAssez ntof

Acute neurobehavioral effects of carbon monoxide Cardiac Function and Myoardial Ischemia in Healthy
exposure such as compromised dark adaptation and Subects ErpoW to Cabon Mnoxide (CO) is in progress
impaired visual tracking have been postulated to im- at the US. Army Biomedical Research and Develop-
pair penformancein aircraft handling and target acqui- ment Laboratory (USABRDL), Fort Detrick, Frederick,
sition. Military medcal concerns about the presumed Maryland. The proposed research attempts toexplore
impact of the wurobiological effects on perfonnance the potential interaction between progressive levels of
resulted in the promulgation of carboxyhemoglobin carbonmonoxideexposuresand myocardialresponses
levels forcarbon monoxide exposure levels and equip- in human subocts. It is hypothetically plausible that
ment-design specifications.Y Visual acuity appeared increasing levels of exposure may induce signs or
to be impaired by carboxyhemowgobin levels in the symptoms or both of myocardial ischemia among
range of 3% to 5%.' crews of armored vehicles. In these vehicles, the crew

Scientific studies performed and published within is routinely exposed to the same levels of carbon
the last several years have failed to replicate the find- monoxide that have been associated with ischemic
ings of earlier neurobehavioral studiem For example, responses in experimental animak and human sub-
individuals who were exposed to carbon monoxide ject" It is possible that a soldier with early cardio-
sufficient to producecarboxyhemoglobin levels of 16% vascular disease could suffer an adverse myocardial
to 23% failed to exhibit significant differences related event if he or she is exposed to the concentrations of
to clinical symptoms, electroencephalographic re- carbonmonoxidethatcanbegeneratedwhenarmored
cordings, and compensatory visual tracking from the vehicles are operated,
control group."'" Specific objectives of this study are to identify the

pctentialadverelaeiotipsbet.eencardiopulmo-
rUlatory Effects nary resprr.se and progressively increasing levels of

carboxyhemoglobin. Dosage ranges for carbon mon-
The heart depends almost exclusively on aerobic oxide exposures will be manipulated by monitoring

metabolism and is a highly sensitive organ to the control of carboxyhemoglobin levels in a range of 5%
decrease of oxygen secondary to carbon monoxide to 20%. In addition, the simultaneous performance of
exposures. Under normal conditions, the heart muscle simulated work loads appiroximating moderate effort
extracts both pyruvate and lactate for use in metabolic at the tank loader position will be superimposed.
oxidation. However, at carboxyhemoglobin levels The initial study will evaluate cardiac performance
above 8.7%, ne;theris extracted and both are produced profiles in 20 apparently healthy research volunteers,
by the myocardium'n Five expferietal conditions will be impcsed, with

Individuals with compromised cardiac vascularity the subject
may have increased sensitivity to carbon monoxide
exposures and could experience angina at low 1. at rest,
carboxyhemoglobin cm.rentrationm A preliminary I on a treadmill,
seriesof studisggested anearlierom.t of angina in 3. performing upper-body exercise,
individuals with carboxyhemoglobin concentrations 4. on a treadmill and exposed to increasing lev-
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Carbon Manoxide

els of carbon norioxide exposures (5%, 10%, severity of the acute poisoning nor the potential for
15%, and 20% carboxyhemoglobin), and delayed effects."

S. pWomerfo ngupper-bodyexerciseand exposed The sequelae of nonlethal acute exposure to carbon
to comparable increases in carbon monoxide. monoxide reported in the literature of the early 190•

included pneumonia, psychoses, paralysis, bullous
In one report, the capacity of individuals with skin lesions, and gangrene.- The spectrum of medical

carboxyhernoglobir. levels of 15% to 20% to perform opinion concerning potential seqtielae of exposure
short-duratin, msubmaximal physical work was not reported in the literature was broad and controversial
compromised. Individuals with 10% to 13% For example, the chief surgeon of an Illinois steel
carboxyhemoglobin levels who performed work at company, who had extensive experience in caring for
35% of the maximal work rate demonstrated only carbon monoxide-poisoned workers, reported that he
minimal increases in heart rate after working periods had never seen a case of psychosis directly attributed
of 3.5 hours, The maximum work capacity (as defined to the carbon monoxide exposure In contrast, a con-
by the maximum amount of oxygen that can be tans- temporary practitioner listed 105 neuropsychiatric
ported by the cardiopulmonary systems, which is conditionsthatwereassociatedwithcarbon onoxide
described as V0 2 max) is decreased following carbon exposure sequelae. The most common acute-onset
monoxideexposuresthatgeneratecarboxyA h globin neurological sequelae are aggressiveness, moodiness,
levels less than 5%. The capacity to perform physical irritability, impulsiveness, and memory los& Tran-
work is dramatically compromised at carboxyhemo- sientCNSdisordersvmayincludeneurokgialdeicits,
globin levels in eessof 40% to45%! Time to fatigue memory lots, cognitive difficulty, and personality
and time to angina are both shortened after carbon change.Y"
monoxide exposure.3 BiateraL ow-densitylesiowintheareaof theglobus

pallidus are characteristic findings associated with
Cronc Effects carbon monoxide poisoning and may be identified

using computed tomography or magnetic resonance
Effects of chronic exposures to carbon monoxide imaging. The lesions are usually seen in about 50% of

were reported in the early 1920s! Two groups of individuals with severe poisoning; however, neuro-
workers were identified: those who become acci- radiological studies maynotbepositive for2to3days
mated and those who do no•. E. R.HayhurstAbelieved following acute poisoning. Lsions in the gray matter
that the acclimation difference was probably associ- of the basal ganglia may regress, but lesions in the
ated with cardiac condition at the time of expsures. white matter are likely to becom permanent and a
Those individuals who were able to become acclima- delayed neuropathy will ensue."
tized developed compensating increases in their Thedelayed uropsychiatricsyndromemayoccur
erythrocyte counts and hemoglobin content. Although as long as 6 weeks after the patient has recovered from
Haylursrs conclusion remains controversial, other acute toxic exposure to carbon monoxide. The syn-
investigators have concluded that klng-term expo- drome occurs as a complication in 2% to 30% ofcarbon
sures to carbon monoxide may be associated with monoxide-poisomed patierts. The first case was re-
uritiosclerotic heart disease.!- ported in 1926. A SS-year-old woman had attempted

After being removed from carbon monoxide expo- suicide with carbon monoxide inhalation. Afteracute
sms, pa rents usualy progresswely improve without recovery, the woman became mute and suffered pro-
sequelae to complete recovery. However, some pa- gressive disorientation and parkinsonism, followed
Sients may have a transient period of apparent normal by death. The autopsy revealed bilateral necrosis of
physiological recovery for days to weeks after poisn- the globus pallidus and widespread demyelinization
log then develop evidence of CNS or cardivascul;•- of the subcortical white matter."
system impairmeat' In early reports, the pronosis Delayed sequelaeappeartobe frequent in theyoung
of recovery following cdrbon monoxide exposure was and old, but more commonly occur in elderly patients
considered to be associated with the degree of as- who have suffered coma. All individuals whosuffer
phyxia related to the exposure. In many cases, men coma do not experience delayed neurological
who were oposed to carbon monoxide in mines were sequelael" but coma has been identified as a risk factor
thought todevelopa permanent weakness of the heart in other reports.e Cli.ical signs of delayed sequelae
riusdeasaco equenceOthersevereosurewce may include urinary or fecal incontinen, weakness,
ep•dto cause loss of vision, speech. or other CNS gait disturbancet, tremor, mutism, speech abnor-

defects. However, more recent reports suggest that realities, and mental deterioration. Complete recov-
carboxyhemoglobin levels correlate with neither the ery occurs in about 75% of individuals within a year.3
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DIAGNOSIS AND TREATMENT

It cannot be emphasized too strongly that the signs bindiative of tissue injury (e& creatine kinase, latte
and symptoms of carbon monoxide poisoning are dehydrogenas, alanine transferase, and aspartate
pleomorphic: headaches of varying degrees of sever- transferase) may be elevated."
ity, dizziness, nausea and vom~iting, bhurred vision, Electrocardiographic findings amc not specific for
impaired thnig mid nubns and sdzurAs. carbon monoxide intoxication, brut demonstrate
Therefore, physicians must maintain a high degree of changes consistent with hypoxemia. Individuals with
suepicion when confronted with a patient who mini- coronary artery diseas may complain of angina with
fests some or all of these signs and symptotms A casboxyhemoglobin evebsas low as 10%!' At a mini-
diagnosis of carbon monoxide poisoning will newrlbe mturanelcrcadorphshouldbeebtained forall
made unless the physksm an nks, to order confirminig individuals with chest pain who have beenexposed to
laboratory tests. carbon monoxide. Atcm! "'.Yhlbllevelsabove

25%, ST segment depression may be senin leads II,
clhiwia Diagnosis V9. and V6,. Depression of the ST segment has been

used as a citerion for instituting hypebrbek oxygen
Laboratory evaluations for carbon monoxide-poi- therapy.'2

soned patients are usually deceptively normal, with
the exceptions of the blood carboxyhemoglobin con- Treatasent
tent" and elevated carbon monoxide concentrations
in exhaled breath.'2 The arterial oxygen contents ap- The essential first step in treating an individua
pear normal and fail to confirm the initial diagnostic suspected of being poisoned by carbon inonoxideis to

imrsso of anoxemia. This isbecase conventional remove the patient from the potentially containinated
abrtory analyssis dependis on two determinations: environment This action is necessary not only to

(1) measurement of the partial pressure of oxygen prevent firtherpoisoningof thepatientbutalso-mnd
dissled inthe plastýwhich s used toestimiate the of equal importance-to prevent poisoning
oxygen saturation of hemoglobin from a standard the healthcare provider. The foMowing; nmeaue
oxyhenioglobin dissociation curve (see Figmr 11-6). should be instituted once the patient is in a safe
r *-ue in conjunction with the measured concen- environment:
trabon of hemoglobin is used (2) to estimate the arte-
rial oxygen content. Unfortunately, neither the partial 9 Insert an endotracheal airway if the patenicy of
pressure of oxygen dissolved in plasma nor the cont- the patient's uppe airway is compromised.
centration of hemoglobin is affected by the preence of * Ventilate mechantically, ithew patients irespira-
carbon monoxide in the blood. Because the lboratory tory gas exchange is inadequatte.
determnination of arteria oxygen saturaton depends a Infuseintravenousfluidsandvasoactivedrugs
on two parameters that are not directly affected by if circulatory Shockis present.
carbon monoxideý, it is not surprislng that significant
hemoglobin desaturation may be missed. The patient should receive supplemeuntal oxygen at

Analyzing exhaled air has been advocated recently a concentrationt of 100% as ,,on as possible. This
as a method of areasurement of blood levels of requirement will necessitate the use of a tight-fitting
carboxyhemoglobin following carbon monsoxide ex- face mask if intubition of the upper airway has not
posure. Measuring the carbon monoxide concentra- been performed.
tion in end-alveolar breath samples after the subjec The treaftmet of carbon mnwoxide poisoning is, in
has held his or her bmeth for 20 secontds has two theory~extenielysimple increase thepartial pressure
advantages: the equipmnt is field transpor~tabe and of oxygen in the lungs soiastodisplacecarbontmonox-
takes minimal training for pr oper use- Some authori- ide firm the cai boxyhm k*n Although deliver-
ties indica te that theimethod is an acceptable technique4 m-- nk 100% oxygen at 1 atm is an effective modality, this
for documenting workplace exposure controls. displacemient can be acceierted by usin higher

Conuronlyavailabllakcrstorynealitiesaiermzev ambientpressures. The technolgyforcreatingambi-
diagnostic but mvbe corflmiatcey. Metabolic&a ent envronnmentsof super-atmospheric pressueshas
sismaybe reflectedbyanhinaased leveof lacti acid. lwongxsted (itsfirstknownusewasiln 664)kgbutuse
Blood glucose, level and nionspecific enzyme levels un~tilrecently was confinedto treating deep-seadivers

416



st*ken with decompression sickness Decausedefiv- 98
rmgpwreoxygen at hyperbricpresures isnow used

totreatamimerofconditlons,ftlsnot srpriskfingta
hlyperabari oxygen has alW been applied to carbon
monoxide-poisoned patients 40

Caroqhmog~ftresponse curves usn roon
air, 100% oxygen, and hyperbari oxyge treatment
modalities can .ýe compared, using the half-life of
catboyhemoglobin cnetratkmns for rooni air (5 h 0
and 20mM), 100%moxgenddivered by tighty fi0n
mask(lharrd20min),dhyperbaricoxygenat3atm 0 5 10 15 20 25
(23 mW) Fiure 114). Delivery ofihyperbene oxygen TM0HOURS
at 3 atm results in the physia dissolving of 6.
volumes percent (e&, 6.4 mL oxyge n In 10D! pla.
ma), which ssufficient to displace carbon mor xd ýi* -=ne - Curbo YeMOINoglb&nh~4&f The comparative
frown ctochrome S3 oxidase ilk 608=u0 When the beeisof medical vkmangeen for carbon monoxide-
padentreahsuxyeredtorialequa t# hotxcoed patiewutswin omair(s),100% oxygen C),
oxyge-Vuticiet to support rnewiiorLs even 7m and hyperburioxyge at3atm piirea C.). Repthaedwith
the COMPlete absence of functioning hemoglbWn-is pumhuio frm M~adwail EP' Carbon mo oxiebwhn
forced to dissolve in the plasma. Bemause the arterlo. i a& Hy1k rxmc~ Am. 1960I M. I 154 22.
venoms difference in cerebral blood flow is only 6.1
volume perce:t the piatient's ability to adequael
oxygenate the brain and other tissues improves hyperbarlcoyeicnrvull"ntesaeta

mediatly failure to adoumistw hyperbaric oxygen for aeverely
Theinmmediatetherapeuticgoulof hyperbaricoxy- . ' .PoiAone patints has maltd In sucesfu maiprac-

gen therapy are to reduce ceebral WAn Myocardial lice hotgatcm. Others ses th egg eaeui ff~
hypoxia, reduce cerebral edema. and enhance carbon of hyperbaric oxygen adminIstration Authorities
monoxide elimination.3 A"Wa and suggesfed ben- generally agree that, for individuals with no other
efit of hyperbaric oxgnm therapy are that it risk factor, hypetbaric oxygen Is beneficial if

carboxyhemoglobin levels awe in acess of 2 5 %?3'
" rapdly provides sufficient dissolved plasma 7flt moot important reaso for adminisering hyper-
oxy ,en to meet the metabolic coxyen require- baricoxy" appmns tobe the preence of nuroog-
ment; ical deficits such as disorientaton or focal slgns Iss

"* sgnificantly enhances carboxyhernoglobin of coscou.e and sezzures:* Other indictin
dissodia~on include cardiac Wshenda, metabolic acidosK and

"* causes increased carbon monoxide clear- pregmufcy'
anceluýand Fyperbric oxyge therapy has also, been recom-

" is beneficial in mnaging cerebral edema, A mende lotrindhivduals whoareoconskuidd to be more
cIOmpictiO Of Carbon monoxide poisoning, susceptibl to carbon monoxide effct or sequelae
reducing secondary intrwcanial pressure- by -aaepexitn

50%witin1 mnut o It adinstrtio. ardiac lademnia or seizure dlodm~'arterial vaso-
spasm, pstm or-ainfarct anemia, and. prgnWit

htiis IqpotattDonote tasmeauthorltiesbellve female). 36 The fetus is much mor Ie suscieptible to
that no Conclusive evidence yet demorstrates a rela- carbon monoxide than the moter. The oxyhempSOglo
tionsUhp between a shortened duration of sPymp^toms bin dimdatidoncufrvekwk hemoglobi sto, theleft
and the ftequenc of delayed sequdebeofpounig t  oftht oraduk hemoglobn(oxygendoes not dimii-
However, one reseacher uses hyperbaric oxyge at aeswayim few= faduhthemoglobn) As
carboxyhvessv5molo-bin levels above 25% even if the Pa- itdoesinadultemoglobln,casbt monoxldereg rtto
fient is not particularly ill. It has been his e: perienc form fetal cabxye"! llsn whc a-etae the
dthapt Vttuedwk hyperborioxygenarespiated lefshift. Carxhenrogkoiin levels in the fetu USg
the pwblngd headache ari nausea ard might expe- behind those in the mother however, the final feW
11enceP fewer delayed aftereffects of poisoning heIg Oglobin level maybe 10% to 15% higertanw the

Alhoghsome resest ch ers concude that Uieuueof maternal levdit n addition the* hlygf-lIe a fleta
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carboxyhemoglobin is 15 hours; therefore, it takes 5- 6 is used."' The table begins at 2.8 atm of oxygen for4
fold longer to regenerate oxyhemoglobin in the fetus hours, then decreases to I atm over 285 minutes, with
than in the mother." 5- to 15-minute -air breaks interspersed in thesched-

Hyperbaricoxygenfacilitiesareeitheralargewalk- ule. Occasionally, patients require therapy once or
in chamber (Figure 11-9) or a small chamber that will twicedaily forseveraldays. Patientsmayrecovertheir
accommodate only one person. The US. Air Force memoryafterthesecondtreatmentandpatientstreated
School of Aerospace Medicine at Brooks Air Force with hyperbaric therapy do not appear to develop
Base, Texas, maintains a 24-hour per day telephone delayed cardiac or neurological sequelae of carbon
system to help physicians locate the nearest hyper- monoxide poisoning."
baricoxygen treatment facility." Although a specialist Hyperbaric oxygen administration has a numberof
in hyperbaric medicine will probably manage the pa- therapeutic advantages, but is also associated with
tient on arrival at the hyperbaric oxygen facility, it is potentialcomplications. Minor complicationsinclude
important for occupational medicine physicians to tooth, ear, orsinuspainordiscomfort. Howevermore
understand these therapeutic procedures, serious complications---evidence of oxygen poison-

One clinician uses a walk-in hyperbaric chamber ing-can occur, including substernal pain, decreased
and routinely manages carbon monoxide-poisoned vital capacity, or pulmonary microhemorrhage, al-
patients using 3atm of oxygen pressure for56 minutes though these conditions occur rarely. If individuals
(2 half-lives).Ik If the carboxyhernrglobin remains aretreatedformorethan6hourswithoxygenat2atm,
greaterthan10%atthattime, thepressureisdecreased pulmonary oxygen toxicity with microhenmoiage
to2atrn for theremainderof thetreatmentoruntil the and fibrosis has been reported.'- The only absolute
carboxyhemoglobin is less than 107 In very severe con.'raindicationagainsthyperbaricoxygentherapyis
cases, the U.S. Navy Decornpression .. eatment Table an untreated pneumothorax."
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HEALTH STANDARDS

Determining the exposure levels at which carbon ide expure concentration of 1% (OO0 ppm) could
monoxide causes halth effects has been difficult thus result in death in less than 10 mInutesO3
developing consistent vad exposure standards has
beenproblematic. This is due toboth thelarenumber American Camfen c-e of Governmental lndtuatr
of exposure varables that influence carbon monoxide Hygenit
poisoning and a high degree of fluctuation for manyof
the variables. For exmple, the respiratory rate, level T term eshow Limlt Vaue LV) is pl
of work effort, baseline carbon monoxide klev, and as an exposure recommendation for specific hazards
individual tolerance forcarbon monoxide must all be by the American Conferenceof Gove•n al Indus-

idered-In addition to carbon monoide levels in trial Hygieists (ACGUI). TheTLV is defined as an8-
air. Additionally, a high wae of iocrse in carboxy- hour TWA concentration of a specific chemical to
hemoglobin concentration may increase the probabil- which neary all workers may be expsed for 40 hours
ity that symptom will develop. No direct, consistent per week, day after day, without adverse effect? The
relationshp betwen tim s or me ured cboxy- pres recommend LV forcarbon onoxides 50

l levels and helsh effects has been demon- ppm, with the indication that the ACGIH intends to
traedý at least fior low-o Ad e levels of exposur reduce the recommended TLV to 25 ppm in 1993.

The estimates of human toxicity were the ube While the current TLV is intended to maintain
of early scientific controversy. Some scientists re- ca"oxyhemoglobin concentratons below 10% in ex-
ported onset of symptoms at ambent carbon monox- posed workers, the intended 25 pm level is expected
ide conentrations of 04M%, while others repot to maintain cazboxybeiog levels below 3.5%.
onset of sigm and symptom at 0.05%. Another early The decreased limit is intended to reduce exposure
investigator estimated the limit of toxicity as 0.2%. risksf r optbeworkers suchaspregnnt won•
Suchcomflrmdife r fn• expos scarlos who must perform psychomotor tasks, or employees
and individual study differences. who have chroic cardiac or respiratory disease.

Althugh the ACGIH cuently recommends a 15-
OccaupatVa Safety ad l Adm tato minute short-term exposure limit 6 L) of 400 ppm,

the orgnization has expressed the intent to omit
The federal statutory expomure limits are promul- the STEL from future carbon monoxide exposure

gated by the Omc tional Safety and Health Admin- rcommendatiom"
istration (OSHA). The current permile exposure
limit ) for carbon monoxide is 3 5 ppm with a Commite am ToeolW
ceiling concemtration of 200 ppm. OSHA has defined
ceiing as a concentration that should not be exceeded The Committee on Toxicology of the National Re-
duringanypartofthewwokday. Howeverifinstana- search Council has developed and recomunended
neous monitoring is not feasible, the ceiling must be emergency exposure guidance levels (EEGLs) for car-
assesxed ae a 15-minute time-weighted average bon monoxide (a ceiling limit for unpredicted expo-
(TWA)." sure fora single, isolated, exposure time-sually Lms

The PEL is intended to maintain the carboxyhemo- than 60 min, but never longe than 24 h) (Table 11-2).
globin levels of ex;sed employees below 5%. The The EEGL has repaced an oler term. the emergency
standard was developed to protect individuals with expour limit (EEL)
cardiovascular or pulmonary Impoirman and to pro- In response to specific spoosw requests, the Com-
t healthy workers during condiions of heat ste nltteeonToxklc•coywMwdevelopandproviderecom-
eertion, and strenus conditions' hne immdi- mdatioms for condnuous •xpsure guidance levels
aUlydwWeustolfeorhel•tID )cmcmtratiom (CEGLs). An oider term, the continuous expoue
promulgated by OSHA is IM ppm. Thbe I• B for level (CEL) was developed in rFapxaeto U.M Navy
cabon monoxide is defined as the concentration that request for guidance tailored to submarme environ-
an unprotected worker coul escape from within 30 ments.ThCEGL is defined as a recommelded expio-
minutes without experiencing irreversible health ef- sure limit with the pottial for continuous expomwe
fects." It has been estimated that or "igJht activity foradurationupto90days.ltisintendedcasaceiling
(minute ventilation of 9-10 L/min), a carbon monox- limit, and Is designed to avoid both the degradation of
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TABLE 11-2

CURRENT (1965) AND PREVIOUS (195) EXPOSURE LEVELS FOR CARBON MONOXIDE

Exoure 19 EEGL 196 EEL 1965 CEGL 196S CEL

10mm mi.n0o in 1,5001,5W PPM
30mmn 750 ppm 800 ppm

60 min 400 ppm 400 ppm

24h 50ppm 200 ppm

90d - - 20ppm 25ppm

EE. emigy expoavegkwa kvd
EEL emergency expoww hmit
CEB conf sexpourneguict mcel
CEL oonN exposun kLve
Soce-. Commitee on Toxlogy. Fmtn$ewyad Combmn EzmrCuacLnrt0frSct mAuw/At CouAimi•nVol4. •d on
Toxkology and Envrnmena Health Hazards, Commison on Wle Sciences National Resemd CouniL Washftnm DC Nationa
Academy Prem 19S.

military-mission performasce and immediate or de- The Committee on Toxicology reviews available
layed adverse health effecs among expoed military scie c data and develops recommended exposure
members. The current CEGL for carbon monoxide is levels for use by its spoorming crganizations. The
20 ppm, a decrease from the 1%5 CEL of 25 ppm' council was established by the National Academy of

In the pas4 both EELs and CEIs have been used as Sciences to assist the academy in prepaiag its advice
design criteria for military equpment with enmclosed to the kfderal governmtnL The council has now be-
environments such as subma:ries and spacectaf The come the pricipal operating agency of both the Na-
conditions and terms ofapplicability of thelevels were tional Academy of Engineering and the National
related to narrowly defined occupational exposu Academy of Sciences. Both organizations provide
groups and were not intended for general population services to the government, the public, and the sden-
exosurm They include no consideration of hyper- tific and engineering communities. The Coucil is
susceptibie individuals.' In 1985, the Committee on adminIstered by both organizations and the Institute
Toxicology provided the revised exposme levels (ie, of Medicine'
EEGLs and CEGLs).

The Committee on Toxicology predicted that the Mwitagy Standard
recommended exposure levels should never result in
carboxyhemoglobin levels above 10% as a result of A militarily uniklue standard (Military Standard
exposure. The committee also predicted that an ind- IMIL-STD)-1472C, Paragraph 5.13.7.4.1, GCenawl has
vidual exposed to the 24-hour limit of 50 ppm should bee pmxulgted for Dpatment of Defien (DoD)
not demonstrate carb hemcbin levels greater use. MTe standard states that personnel will not be
than 7.5%, or ifexposed to20 ppm for the 90-day limWt expsed to com tams of Wxubstances in excess
sbi old ot prucecarboxyhemoglbi lvels geate ofdw~D cpboa4 l5fetyam4 ~ stanards
thano3.3%n orspecdahzedsu ndasapplcabktomit uniqex

The Committee on Toxicok)g stressed that n& I systems, o t With specific
Viduals with compromised cardiovacular status (e., d to car f lkMIL-Sm-1472CPara-
asa result of adeoscesis) may be at increased risk graph 5.13.7.42. Carkm Anoxid, states
for angina or sud cardiac death. The committee
remmendedthatindivdualsexposedtotheselevels tha rt c monoxide in persne a, shal be
in milizarily uniqu circumstances such as submarine reduced othe lowest kevd euiblie. Ptimn shal
service undergo careful physical examinations and nrober goedmc r i t o enexcesov s
refrain from smoking when exposed to these levels. whic wi uret bn ,, moxy loa levI s I n ther
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blood greater than the following percentages 5 per- Military Handbook 759A, paragraph 37.5, "Evalu-
cent carboyhemogloil (all systems design objec- ation of CO Toxic Hazard," specifies the use of the
tives and aviation system perfonrmane limits); 10 CobunForster-Kane equation
percent azboxherioglobin (all other system perfor-
manre limits). T prediction of carboxyhemoglobin blood content

is deterwined by the fowin empirical equation:
The pharmacodynanics of carbon monoxide in- auboxy "

toxication have been discussed earlier in thius chapter. % (caboyemgie-A/)) + 21801 ti-tIM)
Because many factors (in addition to absolute expo- * (i/B + ppm carbon monoxide/1316)
sure level) influence the formation of carboxyhemo-
gkobin, no oneexposurelevel can directlybe related to whemr ,woglobinin t e i pii cted carboxy-
the 5% and 10% carboxya levels that a tmount of aboxyhemobin uually
published in MIL-STD-1472C. Furth complicating found in non-smoking adults,: is the exposure dura-
this dilemma is the large degree of variability of fac- t in minutewand ppm carbo monoxideis the carbm
tors that relate to carbon monoxide exposure in mili- monoxide exposure in parts per million of contami-
"tary situation Factors such as the duration of expo- nated atnmospher; A and B are constants which are
sure, the rate of rise of carbon monoxide levels, and obtained from ETable 11-31 and depend on the esti-
intermittent changes in levels are highly variable mated physical activity level lofl the tndividual dur-
and, to some degree, influence carboxyhemoglobin ing the exposure. This equation accounts for the
formation. minute respiratory volume of contaminated atmo-

Considerable time and effort have been spent at- sphere actually respired by an exposed individual
tempt•g to resolve this dilemma. Thegoalhas beento wspecifed Fr~co ~t ve~cmwpero the speci
find and validate-verx a wide range of expos fied work effolevscale rquiretobes bstituted
scenarios-a reliable predictive model for car- in the equation is 4 for periods of weapons fire and 3
boxyhemoglobin levels. In 1965, Coburn, Forster, and intemediateperiods. The equationalso accounts
Kane evaluated major physiologicA variables that in- forthe eimination of carbononoxideby the body.'
fluence and determine the concentration of caboxy-
hemoglobin in humans' In their experimental de- The equation is equally applicable to short-term,
ithydevl p equatorsinggroupsofnoma lhgh-evel exposure sand low-level, long-term exp-

subjects, male vohunteers who breathed 100% oxy- suress? Theequation is considered tobea reliabletool
gen forexterided time periods, and patients with con- :-.td has demonstrated good correlation with experi-
ditions knnwn to contribute to elevated endogenous mental values under a variety of dinth iO With
production of carbon monoxide. The Coburn-Forster- respectto potential exposure ofsoldiers and thedevel-
Kane equation resulted from these expernmnts.

Although it was first developed to calculate the
endogenous production of carboxyheglobin. the TABLE 11-3
Cobum-Forster-Kane equation is clinically useful
when cakulating carboxyhemog levels follow- WORK-EFFORTCONSTANTSFORTHECO5URN
inge v eno ps s. h eu ion i btased FORSTE4•KANE CALCULATIONS
on parameters such as the

Work-Effort Work-Effot
"* ambient concentration of carbon monoxide, Scale D ptlo A Value 8 Value
"* barometric pressure
"* alveolar ventilation, I Sedentary 365 939
"* comparative affinity of carbon monoxide for 2 211 1./i3

hemoglobin(a relativeaffinityof 218isused in 3Light w 155 2,211
this formula), 4 119 2.874

" amb•et concestration of oxygen. 5H
"* carbon monoxide diffusion across the alveolar

membrane;
"* rate of endogenos carbon monoxide produc- Sou - Rd. so ?"A- H"Huse= F" E -" S of.

ion, and USArmy mlu owonmmLwd n S dmdlazstko c0jmew•.m.
"• duration of expMoue. TabWe3-5.
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Qirt'n monoxide

opment of military items, the exposure magnitude, clarifyingthisrelationship, andreflectsthecumulative
frequency, anddurationofexposuretocarbonmonox- amount of carboxyhemoglobin following repetitive,
ide are not restricted as long as the criteria of MIL-STD- intermittent exposures to 1,500 ppm of carbon monox-
1472C, 2 May 1981, are meto-• ide. Thestudyalso evaluated the predictive capability

Theapplicability of theCoburn-Forster-Kaneequa- usingoterter-mhighrconcentmtlineosuresn(7,0
tion to the intermittent, episodic, peak-and-valley car- ppm) and demonstrated similar predictive success.
bon monoxide exposure profile of the exposed mili- Figure 11-11, which has been reproduced from the
taryindividualhasbeenquestioned. Howeverthrough NIOSH criteria document for occupational exposure
an intemittent series ofquestions a-d evaluations, the tocarbonmono dde,'ircoporatestheCobum-Forster-
equation was determined to be both applicable and Kane variables to develop families of curves. Because
predictive of actual carboxyhenmogobin level follow- thesecurvesinpr tethelevelofexerlio;,healthcr
ing exposures. The authors of an independent study workers can quickly assess the work-effort level of a
calculated predicted cumulative caro•hemoglobin job and estimate the permissible duration of exposure
levels following internittent exposu Figurell-10 ata given ambient carbon monoxide exposureconcen-
is adapted from that study, which has been useful in tration to achieve a 5% carboxyhenoglobin leveL

MEDICAL SURVEILLANCE

Employees who routinely are exposed to carbon tion is indicated following an acutely hazardous car-
monoxide at potentially hazardous levels should be bonmonoxideexposure(asituationalexposure)oron
carefully evaluated prior to exposur In addition to termination of employment In situational exposures,
being given a careful medical history, reviewofmedi- a venous blood sample should be obtained for
cal systems, and medical examination, the employee carboxyhemoglobi measurement as soon as possible
should be advised of the insidious hazard posed by following the exposure. A determination of end-al-
carbon monoxide exposure. Proper engineering con- veolar carbon monoxide, as an indirect measurement
trolsandnecessaryPPE shouldbeprovidedand prop- of carboxyhemoglobin, may be used when blood
efly maintained for each employee. Exposures to carboxyhemglobindeterminationsarenotavailable,"
hazardous levels should be prevented when possible although this is less preferable. Workplace carbon
and documented in the medical record if significant monoxide concentrations should routinely be docu-
exposures occur. mented by the industrial hygienist; Levels above the

Employees should have a preplacement examina- action level should be referred to the healthcare pro-
tion to detect preexisting conditions that may increase vider as a stimulus for surveillance evaluation.
the risk of carbon monoxide toxicity and to establish a The occupational medicine physician should per-
baseline for future monitogrin Medical histories that form and document evaluations of the patient's men-
could contribute to susceptibility include smoking, tal, baseline neurologica], and visual or ophthalmo-
coronary artery disease, anemia, chronic obstructive logical status. One useful tool is the carbon mor-
pulmary disease, cerebrovascular disease, and/or oxide-uropychogklcalscreeningbattery. Thistest,
disorders of the CNS. Employees who are either which can be administered easily by healthcare pro-
pregnantorconsidering pregnancy should beadvised viders, evaluates the following functions, which car-
0of the inxase, fetal •,. .ity- -bon-monoxie- p!_
exposed in utero if external exposures are uncon-
trolled), encouraged to quit smoking, and informed * short-term memory (for events that occurred
concerning methods to minimize exposure potentials. 1-24 h ago),

The physical examination provided for preplace- a concentration (ability to concentrate to per-
ment, periodic, and termination examinations should form simple tasks),
emphasizethecardioýa ssystem, the pulmonary * visual spatial ability (ability to distinguish
system, andtheCNS. Acompleteblood count baseline among several objects placed close to each
should be obtained, and subsequent analyes obtained other),
if they ar clinically indicated. 0 agnosia (lack of sensory ability to recogn•ze

Employees whose occupations include the poten- objects), and
tial for daily exposures to carbon monoxide above the 0 aphasia (a weakness in or loss of the ability to
acceptable action level should be offered periodic understandideasbyreading.writing~orspeak-
medical examinations. In addition, a medical evalua- ing)V

423



Occupautonal Heiallk The Soldier and the Industial Base

SUMMARY

Exposure to carbon monoxide can cause acute clini- carbon monoxide poisoning. Individuals with coro-
cal illness. Military exposures to the chemical occur in nary heart diseaseappear tobeat excess riskofadverse
homes, vehicles, and weapons systems. The profile of effect, such as myocardial infarction, following acute
exposure during the performance of military duties is exposures. Chronic ophthalmological and nerologi-
typically episodic, with high peak exposures followed cal sequelae have been reported following carbon
by prolonged periods of limited, minimal exposure. monoxide exposure. Timely diagnoses and imple-

Although the primary effect of carbon monoxide mentation of appropriate methods to improve tissue
poisoning appears to be the consequence of hypoxia oxygenation, such as hyperbaric oxygen treatment,
associated withtheproduction ofcarboxylengoin, are beneficial in the reduction of mortality and mor-
cellular enzy mesystems are also adverselyaffected by bidity following carbon monoxide intoxication.
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INTRODUCTION

Lead is a member of the heavy metal series in the metalli lead. Lead can also be alloyed with other
perlodictable. Itschemicalsymbol, Pbisderived from metals. The most common alloys are bronze (with
t'e Latin word for lead. plumbum. Metallic lead does copper) and solder (with tin). Some modern solders
not occur naturally. It is very dense, with a specific are based on antimony or silver rather than lead, but
gravity of 11.34 and a molecular weight of 207.19, and these substitutes are costly and are necessary only in
is bluish white to silvery gray. It has no distinctive specialized applications. (No lead-based solders are
odor and at typical ambient temperatures is a soft, usedwithconsumableitemssuchascanned foods, for
malleable solid. While lead's melting point (3275C) example.) Although the number of common organic
and boiling point (1,740'C) are fairly low, as a fine lead compounds is much more linmted, and tetraethyl
powder it is comrabu le when exposed to heat or and tetramethyt lead account for by far the greatest
flame% In general, lead compounds are insoluble in amount of lead found in industrial processes, lead is
water, although many are readily soluble in acidic still conmmonly used in industry (Table 12-1).
solutions, which is the chemicol characteristic that Lead's military utili.y was recognized early on, as
most allows lead to cause physiological harm. were some ofitspotential adversehealth effects. Most

Many naturally occuring ores contain lead, but of the medical aspects of exposure to lead are not
galena (lead sulfide, PbS) is the foru. .6e. ccmanowI.y militarily unique, however, and therefore are beyoid
found and mined. Inorganic lead, as used in ocx..upa- the scope of this chapter. More is known about kad
tional and environmental healthcontextsand forregu- than virtually all others metals; the full extent of its
latory purposes, typically includes lead oxides, lead toxicit is the subject of many dedicated medical text-
salts (exclusiveofarsenateand organic salts), and pure books such as Lead Toicity.'

HISTORY

Archaeological researchonhumanskeletal remains similar effects in the 2nd and 1st centuries mc, these
suggests that the use of lead was minimal until about healers gave no indication, that they understood how
the second and third millennia m.c? Until then, expo- exposure could have occtrred or how the disease
sure was limited to windblown metallic dust that was could have been averted. However, reports from the
directly inhaled or ingested. Typical ambient-air lead lstcentury Aodocumentthat Piny theElderwho was
concentrations were probably IO-fold loweT than cur- notahea~erbuta historian, waned miarinerstoprotect
rent levels3 However, lead's widespread availability themselves when Fainting their sH!ps: "Cover yeur-
and itsease of handling helped to maake it an ideal r-w selveswith...animalbladder...lest you inhalethisper-
material for early civilizations. Forming lead into nicious dust."s
useful products was possible largely because of the Pliny theEdler's wamingindicatcs that while some
metal's low melting point, making sophisticated ex- people of the day may have understood that lead was
traction and manufacturing techiques unnecessary. a threat, mar.y othets probably did not. Because lead
Egyptian civilization had a variety of uses for lead (eg, intoxication is often insidious and many of its effects
thydiscoved that it could be used as a pigment toadd arise ordy afterlong periods of exposure, only a few of
colortopotty and cmnetks). Subhequent Greek and tije exposed may have suspected that tbq were
PRoman civilizations continued to use L-ad in pipes and affected. Relating exposure to effec was undoubtedly
water aqueducts, coins, vessels for water and foD. diffcult. Social factors could also have played a role:
roofing, writing tiblets, cosmetics, and medicnes. the nobility may have surmised that, because "penil-

The archaeological and written evidtnce suggests cious dusr" was a problem em-mtered only by the
that the Greeks and Roman were aware that lea-Cwai wcndng class, it did not cancern them.
toxic. However, the degree of sophisticatim of their Although mmiy causes probably led to the collapse
understanding and efforts to prtvent intoxication re- of the Roman Empire, lead toxicity could have played
mains largely unknown, as several historical records a key rAe' Household articles such as glazed pitchers
illustrate: while Hippocrates was prntably the first to and containe.s for foods and bevera•es often con-
report leWd colic (spamWic and recurrent episodes of takied !emd. Furthermore, ld containers were often
abdominal pain) in 370 ac, and Nicander described uvd to stote wine. Both the acidic character w'f the
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TABLE 22-1

COMMON LEAD-BASED COMPOUNDS

Camme Name Forml Use

uharge PbC) Red aid yeliow Inmerits, batteriis, mbber Manufacturin glass, varnish

Red oxide Pb3O4  Aom ives, red pigments, cerac, glae

Blckoxide ft, 2  Batteries

White lead PbCO3(0+W2  White pigments (once the most common souice of industria lead intoxication)
Lead chromate PbCDO 4  Yellow pigment

Lead arsenate Pb(AsOw Insecticide

Lead nitrate &bN ~ Eplosive

Tetraethyl lead Pb(CA[ 4  Antikmock component for gasohnes

Lead silica. ?I)5O0 Ceramk glazee

wine and the practi of beating it (a social custom of ized aristocraticbac&l-ors and rewarded women who
that time) hastened the leaching of lead from the produced three or more offsprig This illustrates
containers. This practice probably produced quite why adm instmivecontrolsoften faik: theremedydid
high levels of exposure to lead for all who consumed not address the root problem. Asa result, beause the
thewine. Furtherspeculatkm suggests that theruling admninistrators had noinkling that thereal causeof the
or elite classes were preferentially expoed to lead, in prom waseosuetolead,theelitedassdwindled.
that they had greateraccess to hmrie.. For example, Lead-relat disease was relatively forgotten from
many hiShVulity ceramic pitmheis were glazed with the collapse of the Roman Empire until the Middle
lead, and lead plumnbiný lad-based ceramic table- Ages. Medieval Europeans may have continued to
ware, and wiu were generally unavailable to the poismothemselvswithbeverages contaminatedwith
lowe classes. Thus, ironkally, the pooi were often lead,butlittledetailedinformationexists. Butrapidly
sared exposm expanding indusbialization cultivated a growin ap-

Some support of •t theory of preferential exp- petiteforead. Fromrthistimeforward,theuseoflead
sure has come from arceological examination of florihd, and with it he number of indihuldus
skeletal remains These studies indicate that wealthy exposed. By the ON, the father of ocaional
inlividuals in Romansociety tened tohave very high medicine, Bemardo Ranmzi, had related occu'ew-
bone burdens of lead relative to the poor. The specu- tontoexp e and, ultimatey, exposrtoeffect. In
lation that lead contribmed to the fall of the Roman particular, Ramazzini noted a high pevalence of lad
empire is based in part on an u andng of lead's exposure a"d lead poisoning among potters.
toxic effects on the reproductive systemi lead could History repeats itself, Many cases of rn 'arily
havepo•snedthenoblecdams. dalsoth ~rospects relevant industrial lead intoxication occurred after
for subsequent gererations of leaders, by causing a World War Iand World War&!. During .he I*&e-scae
wide varety of reproductive dyslunctins. The aver- disarmamentofnaval vesseisthat followed thosewars.
age number of ofspring per reproductive roobieman pesonnel were exposed to metalk lead in the sper-
or-woma was probably quite low and the few off- structures and also •n ked-med paint Dur•t our
spring bom to them would have tended to have intel- 20th-cemnry prohibition of alcoa, an epidemic ot
lectual deficits. These offsprng were rarely suited to lead poiqming omurec, brought on by the cosump.
carr, on the Intellectul and cultural respoiis"ties tion of moonhin whlkey. The most cmvenient
(and deanads) needed to perpetat an emire. At- condenier for such stils was the coto anasPtouvile
tempting to deal adviniratively with the low repro- radiator-which was made of ad.
ductive rate, the Roman Senate, under Caesar Theuseoflead-frelsoineand nonlwdpaintsha
Augustus, enacbx laws in 18 s and AD 9 that penal- dramatcaly reduced the poWtta for ontamirton
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Fig. -1Z The anmual usa~e of leaded paint ppmnfts and lead in gasoline has declined midwedly during the 20th ceniw.
Teadvetd l-feeg ociine in 19" resud•h dramdumaticexpeosore m inka ,ssc S hel9U
g u rplawent oflead-based paufs with nonl p holem • •m ce.wFederal-egulat
of lead cmtent in paint did not occur until 1977. Repeined with permission fom Adamson RK tal. edL A D igest qwa
repoit The Fourth National Envi=nmental Health Conference. HW1h & Emmnt Drst. 19tW,•Y3. Adapted from
Muee, National Envionmwnt Health Conference Paper, 1•9. Source US &urau of Mines.

fron those sources (Figu• e 12-1). But lead exposure in ters for Disease Contl and the Department of De-
the military-p-rficulauly in old miliary housing- fese, and lead is sometimes touted as the asbestos of
has been sufficient to attract the attention of the Cen- the 1990s.

OCCUPATIONAL EXPOSURES

The US. military has foutn many uses forlead, one Over I million woarkersin 10 differit ocpatios
of theearliestand most notableof which wasas lead in the United States are thouot to be poteay
sW (musket balls and cannon shot). Numerous his- exposed to lead as a result of their occupatiom." The
torical sWo tome exist in the United States and efse- highestpbrvaleneofd-..iaocupmtional leadintoxl-
where (Figure 12-2). Shot was produced at these cation in this country has been documented among
towers by dropping molm lead from the top ofa tall ld-set and storage-buttey wokers." Certain
to•we through a sievelike "vce. As It dropped, the lead-relatedoperationsatenot.ee inthemilitary (or
molten lead solidifed tntosmal sphere: the shot. The are not as commonplac as they are in the dvffian
modernsesofleadintheU.S.Annyaremoredverse: sector) lead smetin& primary fabrication (found-
paints (ptrticularty those with school bus-yellow and rim), battery manufacture, and midt& However,ata
foresteen pigments), munitions components, elec- typical army installation, 10% to 15% of the workers
tral solders, and ballast (the army owns moe boats may be involved in potentiaBy lead-hazardousopem-
than the navy and more aircraft than the air force). flons. Baed on industrial kygin reviews of army
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Fig. 12-2. Shot towers are one of the Uruted States mihltary's ea.best sources of lead contain•• on.Soldwrs working in shot
towers were exposed to molten lead used in the production of musket balls and cannon shot Source- US Army, Anniston
Army Depot, Anniston, Ala.

worksites, the military occupations at highest risk for to use proper respiratory personal protective equip-
exposure to lead are, from highest to lowest, (a) abra- ment (PPE) orpractices will beexposed to lead (Figure
sive blasters. (b) welders, (W) weapons firers, (d) paint- 12-3). Brush painting poses a much lower risk of
ers, (e) electrical solderers, and (P) ballast handlers. As exposure.
many as 5,000 to 10,000 workers in the army depot The use of lead-based paint has decreased signifi-
workforce may potentially be exposed to significant cantly in recent years, but many of the paints used by
amounts of lead. the military still incorporate lead in =mall quantities.

For example, lead is a component of some rigments,
Applying and Removing Paint but usually constitutes less than 1% of the total Lead

is also used in chemical agent resistant coaing (CARC)
Occupational exposure to lead in paint can occur paints. Leaded non-CARC paints continue tobe used

during its application and removal Spray painting because their resistance to corrosion and rust is far
can produce a respirable aerosol, and workers who fail better than that of nonlead paints. This is of particular
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Fig. 12-3. Worker performs. .prav painting on drag-line compr.nent part' against a waterfall paint boolh During such
peration'.. %orker,. are at rz.k of inhaling aenolut,ed lead unte.%s protectiev respirator, are worn prperly. Sturce: US

Army, ,\nntttm Armyv Depctq. Anniqon, AU

importan-.c to t. military.; cormsionresListancc under many piocesof older military hardware still havectats
widely variable environmental conditions is a prime of leaded paint on them. This equipment is, and will
consitderation in materiel specification and function. continuetobe, maintained at depoLts. Thus, thepoten-
Probably the x.est example of this is the US. Navy's tial for medically significant exposure to lead is ikely
continued use of lead-ased Paints on its seagoing to continue for as long as lead-painted equipment
vessels. Therefore, rLsist.ancx to corrosion, cost, and remains within the military inventory.
other factors such as formuL'i.n application, and Paint isusually stripped by spraying sand (orsonne
storage influenct-esme prtur, Jecimonstoward otherabrasive materil such as bib.of seel,aluminum,
the use of lead-based paints• , .a.wse instances, it is orotherhard substance)forcd from acomprssed air
in thetbest interestsnof themilitary,,oranyvotherindus- source toward a painted target. Despite the potential
trial employer, to control for exposure rather than that the blaster will b, exposed to lead, stripping may
substitute products, and leaded paints pnrably will still bt done btvause (a) it is safer to weld on clean,
continue to bxe used despite their potential adverm, unpainted metal, (M) equipment siometim•s needs a
effects on health or their environmental impact newcompk'te,and effect•v• coato f paint,and (c) paint

Even if no new leaded paint were to bi, applied, sometime% must be removed xbefore equipnent can tx
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Fig. 12-4. A worker use, compressed air in the painhng preparation process. This process is often called "blasting" or
"sandblasting- if sand is the abrasive materiiL Exposure to lead can result from the dust trom the residual paint. Source: US
Army. Anniston Army Depot, Anniston. Ala

repaired. Stripping paint is not as easy to contrn' as blast upwards; sometimes it requires the worker to
applying it, and therefore exposure to lead is mnore direct the abrasive material into blind spaces, whereit
likely (Figure 12-4). can only be reflected back at the blaster. Workers who

Stripping paint is quite labor intensive; it requires a operate the equipment may not be aware that the old
significant amount of worker movement (bending, paint they are stripping off actually contains lead.
crouching. stretching) forprolonged periodsofti.ein The Occupational Safety and Health Administra-
awkward positions to ensure that all paint is stripped tion, as part of the Hazard Communication Standard.
off. PPE such as gloves. goggles, and respirators often requires that the Material Safety Data Sheet be in-
does not work well with this kind of physical activity, eluded with every package orcontainer of paint." The

Stripping often generates highly respirable dust. availability of information relating to health haards
Individualswhoperform this kind of workmus•tdrect can playan important role in educating worktis--and
the flow of abrasive into the equipment's many nooks hence possibly reducing exposures.
and crannies to remove paint that has sometimes been Many depots use robots to perform repetitive and
on for decades Tanks or other vehicles can have redundant painting operations, but no such robots
hundreds of hard-to-reach places from which paint have been developed for *tripping paint. It remains a
mustbestripped. Sometirmesthisrequircstht, worker- labor-intensive human task, and represents a major
while lying under a vehicle--to spray the abra-:ive potential source for exposure. Workers. who handle
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Fig. 12-5. Any prtn',,. that in%' oh. the burning of mnetalilk lead icnmidered to be a high-m-.k o.-ration Steel or stck
welding can generate high tontentlrahons of lead fu .•, and place the worker at ri of lead poi.ning. Source. US Army,
Anniton Army [D'pot. Annrton. Ali

wa.,,te material (pulling the ustd, lead-contaminaled and shipyards, lead-ba-cd paint is stripped off mate-
abraie into containers or cleaning the blasting nl to allow fcreffective welding orto provideaclean,
boc hs)a.,alo at risk for lead exposure Furthermore. smoo)th surface for re.panting or rtfurbishing (FigunTs
the" spent blast material can po.se an environnmental 12-5 and 12-6).
harard if not disposeid of appropriately.

Handling and Firing Munitions
Welding

Metallic and inorganic lead continue to be essential
WMlding. which crcate.s 1,0 C-3AXIC tmrxpera- component-; of many mdxlern munitions. For ex-

lures, cancffctivcly aporileadboth at and narthe ample, primers (the compounds that ignite the explo-
point of welding" The vapor is typically more respt- ,t% e sequence in a gun or mortar) often contain lead.
rable than the dust produced by abrasive blasting." lxad can also ea component of the %hell, tK- bullet.
Thus, many weldenr who work with metallic lead or and thi. propellant charge. le-ad foal, which acts as a
lead-coated materials rmy be at greater risk for lead lubricant, i-s.,metin-. usd to pi-vent coppcrdepos-
intoxication than even abrasix e blaster.. At depots its in large howit.iers As the weapon is fird, lead
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Fig. 12-C Welding on lead-coated materials places the worker at risk of lead intoxication. Here, exposure may result from
the vaporization of lead in pain: that was incompletely removed from the surface before the welding was begun. Source: US
Army, Anniston Army Depot, Annston, Ala.

azide from the primeraerosolizes and formsacloudof exposed toaerosolized lead (Figure 12-7).'•' Al-
lead fume and dust near the breach of the weapon. though these exposures may not be as constant or
Next, when the bullet hits a hard target, the bullet consistent as other occupational lead exposures, gun-
fragmentsand contaminates theareaaround thetarget ners may experience very high airborne levels for very
with lead dust' Outdoors, neither cloud poses a brief periodsof time. Gunnersintrainingwillnotoften
significant risk to the weapon firer, in most cases, be subjected to these levels for more than 30 days per
natural ventilation will eitherblow awayordiluteboth yearand therefore do not requirethelead surveillance
clouds, mandated by the Occupational Safety and Health

However, in indoor firing rangesand inside certain Administration (OSHA). Whethera military standard
artillery and infantry vehicleb with closed hatdcls, should be promulgated for these militarily unique
such ventilation and dilution often do not occur, and exposures is a still-unresolved issue.
thepotential forexposuretolead issignificant.'•' Part One further mechanism of exposure, lead poison-
of this problem has been due to the lack of planning in ing from retained projectiles, has particular relevance
thedesign of indoor ranges; ventilation considerations for medical officers:
are often afterthoughts.-" I Many ranges, located in
buildings originally intended for other uses, have Most retained prolectilesarefragmentsmadeofiron.
needed retrofitting of their ventilation systems, many But given the large number of people who have
of whIch had been improperly designed and have not retained proedtles that are partially or completely
always worked sufficiently well to reduce ambient made of lead, the number of reported cases of lead
lead levels."Theresultisthat not only thegunnersbut poisoning caused by retained pronjt:les is surprs-
especially the cleaning crew are at risk for exposure to ingly low. Nevertheless. lead poLoning does occur.

lead dust. Thus it is clear that, while at first glance Itschnicalprese;tationcanbequitepleomorphicand
indoor firing ranges may not appear to be sites, of includes encephalopathy, anemia, neuropathy, and
signdooficant occpatong al exposurthear be. sitesf abdominal pain Absorption of lead seems to be
significant occupational exposure, they can be. accelerated if the pr•.xctile is retained within a syno-

Soldiers involved in outdoor munitions training vial space. Experinental ,tudies indicate that lead
(suchastankorhowitzecrcmws)andobserversinclose concentration in the blood peaks lithin 4-6
proximity to the firing operations may be significantly months :.-,,
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Fig. 12-7. Soldiers involved an outdoor finng operations may be briefly exposed to high concentrations of aerosolized lead
from the lead azide in the ammunition priner. Source: US Army, Anniston Army Depot, Anniston, Ala.

Electrical Soldering and Ballast Handling prove their stability, can inhale lead dust that sloughs
off. Lead dust can also be ingested. Others who work

Several US. Army depots employ electrical solder- with bare metallic lead face similar hazards.
ers. When lead-based solder is heated sufficiently to Although the risk of being exposed to lead dust
make electrical connections, small amounts of lead fromhandlingbulkmetafficleadisnotusuallya.high
fume are produced. However, because the beat re- as the risk associated with inhaling lead fumes and
quired to melt solder is relatively low, and the quanti- vapors, the principles of occupational health must still
ties of solder required to make electrical connections be applied: first identify the risk, then control the
are small, the actual risk of lead exposure to solderers exposure. The risk of potential exposure to lead can be
isrelatively low-much lower than therisk to welders. defined by industrial health surveys. The controls in
Of course, the risk from electrical soldering is greatest this instance are appropriate PPE and adequate venti-
whereventilation is limited, such as inside enclosed or lation. For workers known tobe potentiallyexposed to
confined spaces, lead, biological monitoring for blood lead, as part of a

Ballast is typically bulk metallic lead. Ballast han- routinemedicalsurveillanceprogram, furtherreduces
diems, who place weight on ships and planes to im- the probability for significant lead intoxication.

ENVIRONMENTAL EXPOSURES

Only since humans began to use lead has it be- posure is not confined to the occupational setting.
come environmentally ubiquitous. But because lead Environmental lead can be found in contaminated
is now found throughout the environment and in air, water, food, soil, and other nonfood material (Fig-
many manufactured goods in industrial societies, eIx- ure 12-8).
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Air Simply running water through the plumbing sys-
tem to dilute the lead concentration can be an effective

Urban dwellers, or those living or working near short-term solution. If high concentration of lead in
heavy traffic, face a greater risk of airborne lead expo- drinking water is a community-wide problem, and if
sure tlan rural dwellers.s Automobile exhaust from the water supply tends to be acidic, then neutralizing
leaded gasoline is probably responsible for this find- the pH of the water supply is useful. Despite the
ing. Foftmately, leadconcenwtrationinambientalrhas effectiveness of these temporary measures, the ulti-
decreased dramatically in recent years, primarily as a mate, long-term goal is to replace old, lead-contami
result of the reduction of lead in gasoline.A" Smelting nated plumbing with a new, safe system.
and mining operations can also produce substantial
amounts of airborne lead, but generally only pose lngested Food and Nonfood Material
significant risks to nearby populations. In addition to
automobile exhaust, smelting, and mining, ambient Lead can contaminate food. The glaze on imported
aircan be contaminated by burning lead in welding or cermic pottery sometinesconUtains lead;if thepottery
paint-strippingoperations,andbygringk lead-basd is used to cook or serve food or drink the glaze will be
alloys. a source of ingested lead.15 Food washed in lead-

Mostinhabitantsat militaryinstallationsareatlittle tainted water, or packaged in containers such as tin
orno sk from airewlead poltion arising from on- cans from which lead has leached, can alsobe contami-
post industrial activities. These activities generally do nated. Before this problem was identified, the lead
not produce large enough quantities of airborne lead content of canned food could be as much as 10-fold
to pose a significant hazard. greater than that of similar fresh food. In the United

States thisproblemhasbeenavoidedL: food isnolonger
Water packaged in tin cans, but only in steel or aluminum

cans, which are lead- and solder-free.
Water can be contaminated with lead by (a) inten- A common mechanism ofenvironrentalexposure,

tional or unintentional deposition or (b) being washed especially in childre is ingestion of contaminated
out of ambient air by rain. Water can unintentionany soiL Adults who have frequent hand-mouth contact
be contaminated when lead leaches from sJejtin (eg. thosewho smokeoreat w..out first washing their
mining, and industrial wastes into groundwater and hands) can also ingest lead in contaminated soil. The
other bodies of water. Water can be polluted when soil can be contaminated naturally (as rain washes the
indutrial wastesare deliberately dged intosew- air), deliberately (as waste is dumped or discharged),
age systems as a convenient or inexpensive means of or accidentally (through spills as lead-contaminated
disposal. Lead can also be introduced into water as a material is trnsported). Once in the soil, lead tends
contaminant by the very system that tranports it the not to be easily mobilized; it remains near the surface,
plumbing. Thelikelihoodofexposureismuch greater and usually near the source of contamination. Its
inol plumbing systems, wherelead-based solderwas phyochemical properties cause it to bind readily to
used. Although it is only slightly soluble in water anions (carbonates, sulfates, phosphates) and to com-
under controlled conditions, factors in everyday life plex with cay and other organic materials in the soil.
that tend to increase lead's solubility (and therefore if contaminated soil is disrupted, dust-borne lead can
increase its concentration) include electricity, heat, be aerosolized and inhaled. Whether the contamina-
time, and acid pH. Forexample, lead concentrations n tion was natural, intentional, or accidental, once con-
drinking water can be increased by using the plumb- tamination has occurred, elemental lead and all its
ing system as an electrical ground; high ambient alr or cunpounds remain toxic. Nonontoxlcchemicalmodi-
wat temperatures; standing oVerih (orloner, be- fications are avaiable. The only way to eliminate the
comi stagnnt in pipes and aidic pH of the water!' hazard is to physically remove the contaminated sil

Old plumbing systems were sometimes used as the and disposeof It wherehuman exposure is Impowame
electrical ground in indoor wiring. Te electrical cur- or at least unlikely.
rent pushing through will ionize lead from the pipes, Children, in particular, are frequently exposed to
which then dissolves in and contaminates the water. lead via ingestion of paint chips:
As a general rul,- plumbing that contains lead should JAI single chip of paint of approximtely I square
be replaced if increased lead is found in drinking centimet mde am, contaIs 1.5 to 3.0 mg lead
water. If it isnot feasible to replace the plumbing, then (povided the dhp tiy contai one coat of
bottled water should be imported for human con- pant which was 10% lead byweight). Sinceingestou
sumption. of 150 pg of lead in paint Is already In exces of an
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individual'smaximalpermissbledailyintakeofnetal, in children who have eaten paint chips stripped off
landi.. children ratherthanadultsexhibita tendency older houses have been cited3"'3 If lead abatement
to consume paper, paint chips, solder from cans and is not done with great care, exposure can be increased
dirt., it is not too surprising that lead tends to accu- wheninaccessiblepaint isgroundintoaccessibledust
mulate and induce toxicity.'"" Even in houses where lad abatement has been care-

Newly applied paint should be nonlead based, par- fully performed, the dust generated may still contain
ticularly in homes and child-care centers where chil- significant quantities of lead.
dren may come in contact with the painted surfaces. Pica, the physical craving for nonfood materials
Specific areas of concern are surfaces within the such as dirt and paint chips, is frequently found in
children's easy reach, such as walls, windows, doors, children who have been exposed to lead. Ironically,
and trim. Thee surfaces are subject to disrepair and the pica itself may be the underlying cause of lead
may be significant loci of paint chipping, flaking, or intoxication. This is a chicken-and-egg cycle: pica
dust-forming. Numerous reports of lead intoxication induces the craving and the craving drives the pica.

PHARMACODYNAMICS

Paracelsus is reputed to have written that the dose lation inhales lead-contaminated automobile exhaust.
makes the poison. This is most certainly true of lead. The distinctions between occupational-inhalational
The quantity determines the ultimate toxicity. Envi- and environnental-ingestional exposures to lead are
ronmental lead does not pose a human hazard per se. arbitrary and physiologically indistinguishable. Lead
Only when a largeenough concentration of lead in the dosing is additive regardless of exposure route or
blood is absorbed by the body and distributed to the setting. Occupational medicine physicians must con-
appropriate organs can lead be considered toxic. A sider both routes of enty and both occupational and
definite sequence of events occurs in lead intoxication environmental sources. Individuals whose likelihood
(Figure 12-9). Lead toxicity presents as a broad spec- of environmental exposure is significant may require
trum of signs and symptoms, but not as a clear-cut closer medical monitoring than would seem to be
syndrome. A hst that purport- to be comprehensive required if their only exposures were occupational.
will probably mislead the student. Acute effects of
inorganic lead poisoning may include colicky abdomi- Inhalation
1al pain, constipation, encephalopathy, and renal fail-
ure. In chronic lead intoxication, clinical effects are Onlyasmall portionof inhaled lead penetrates into
very late events. Chronic effects may include fatigue, the alveoli and becomes biologically available. The
arthralgias, myalgias, peripheral neuropathy, anemia, remainder is filtered out into the tracheobronchial tree
renal failure, neurobehavioral disturbances, and en- and expectorated. The respirable fraction appears to
cephalopathy. This chapter intends to describe lead depend on several variables, one being the aerody-
intoxication not as a clinical entity but as the result of namic diameter of the lead particulate. (Please see
ineffective preventive and control measures. Chapter 4, Industrial Hygiene, for a discussion of

To understand fully the significance of occupa- particulates of vapors, mists, fumes, and aerools.)
tional and environmental exposures, we must also The actual operational process that generates airborne
understand the routes of entry for the dose. Ingestion lead playsa largeroleindeterminingitsnature. There-
and inhalation are the common routes, especially in fore, knowing the source of the airborne lead isessen-
the occupational setting. Dermal exposures pose a tial to making an accurate assessment of risk. For
substantial risk only when organic lead compounds example, weldingdoneonsunacesthatcontainleaded
are handled, as inorganic lead compounds tend not to paint will produce highy respirable vapors or fumes.
penetrate the skin well. Therefore, this discussion is Grinding produces an immense amount of dust but
limited to ingestion and inhalation, only a small portion of the total is actually respirable.

A general, although far from absolute, rule is that Spray painting produces lead mists that can be vari-
occupational exposures tend to be inhalational and able in their respfrability. Large particles normally
environmental exposures tend to be ingestional, but remain in the nasopharynx, while smaller particles or
there is considerable overlap. For example, a worker fumes are most likely to enter the alveoli (part&clet
might contaminate his or her hands or clothing; then, < 0.5 psm are the most respirable). Many studies sug-
by not washing the hands before smoking or eating, gest that the aerodynamik diameter of the lead partiu-
ingest the lead. By the same token, the general popu- Wate inan aerosol playsa significant role in determining

441



Occupational Health- The Soldier and the Industrial Base

1rjV Pmos/fvtnmentW

Fo n of an Absorbale Form o Lead

" " [ Ingemx or Inhahebon of LeAd

Systemc 
*orpbon of Led

No " EIect I

C h i k 
II li" I IIIII

(Deweaed Erythmoyte Prodactln)

(Anemw. Neurobeiavioral Effects, *-) .

F&U-9. Lead po involves adefinite slUenceofevents. In thep eexpwure period,absorbablead is generated from
environmental or industrial sources. After ingestion or inhalation, lead is systematically absorbed during th preeffect
period. An asymptomatic period ensues, during which biological and c-llular effects are dinically detectable. [Aid toxicity
culminates with a symptomatic phase in which systemic effects such as anemia or neurobehaviorel changes predominate.
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the resultant internal dose, but no study has yet pro- Compared to respiratory absorption, however, gas-
videda well-vahdated predictivemodelbet.veen aero- trointestinal uptake is relatively poor. While the per-
sol particulate sizes and resultant blood lead levels.-' centage of an inhaled doseof lead that is absorbed may
Some studies using homogeneous aerosols of 0.5 jig be as high as 30% to 50% (depending on many vari-
aerodynamic size indicate that approximately 30% to ables including aerosol size), a typical adult will ab-
50% of the lead in an aerosol is ultimately absorbed sorbonly 10% ofanoral dose.3" However, thereisan
(bioavailable).` The U.S. Army'sown experimental important exception to thisgeneral tendency: children
data relating to the respirable fraction of howitzer- seem to absorb a much higher proportion of ingested
breech aerosol supports 30% as an estimate." lead, perhapsas muchas 50%. Thus, ingectionis often

Modeling for predicted lung deposition has not the most significant route of exposure in children."
correlated well with experimental studies on humans. This increased propensity for absorption is particu-
Establishing a predictive model for lung deposition lariy ominous because children's developing nervous
and, ultimately, for resultant blood lead levels is diffi- systems seem to be the most sensitive to lead's effects.
cult because so many factors can affect the outcome. Othergroupsalsoappear toabsorb ingested lead more
For example, mucociliary clearance, depth of respira- efficiently from ingestional sources: those who are
tion,and vanabilityintheparticulatesizeofanaerosol pregnant, fasting, on a high-fat diet, and who have
can greatly influence respiratory deposition.3" The iron or calcium deficiencies.'?* The reasons why are
direct correlation between airborne lead and blood not thoroughly understood, however.
lead may not exist. Attempts to develop predictive Auniquesignofleadexposuremanifestsasa bluish
modelshavebeen made, with uncertain validity.TM For line on the gingiva. This manifestation, sometimes
example, one model predicts that fora homogeneous, called the Burtonian Lad Line, results from precipita-
respirableaerosol,approximately 1.Oto2.0Opgofblood tion of lead sulfide in the gingiva. Such a finding only
lead per mL of blood will result from a chronic expo- indicates lead exposure and poor dental hygiene, and
sure to 1.0 &gof lead in I m3 ofair.m However, we must does not necessarily correlate with lead intoxication.
be cautious when using experimental models relating
the air concentration of respirable lead particulates to Absrpfio Excretim, umd ?obfition of Lead Sloes
blood lead levels. Individual physiology and work
activities, alternative routes of exposure, and other The quantity of lead and the period over which
factors can produce great variation in blood lead for a absorption has occurred play significant roles in toxic-
given ambient-air lead concentration. This, among ity. For example, a normal individual who ingests 2.5
other reasons, is why lead intoxication is not a syn- mg of lead per day may take 4 years to reach a toxic
drome with a clear-cut list of signs and symptoms. blood level. But if the ingestion is just slightly larger,

3.5 mg per day, the human exczewry mechanism is
Ingestion overwhelmed and a toxic blood lead level can be

reached in a few months." In mcute exposures, where
While no amount of lead ingestion is necessarily a largequantityofbioavailableleadentersthebodyin

normal (for lead has no normal function in human a short period of time, lead tends to be preferentially
physiology), the average daily intake of lead in the distributed tothesofttissues. Thus, theliverwilloften
United States has been estimated at approximately containalargequantityofleadafteranacuteexposure.
300pgof lead perday. Thisvaluevaries tremendously In more chronic and low-level exposures, lead has a
among individuals and groups, however, due to var- proclivity to be deposited in the mineralized rather
iations in than the soft tissues. Thus, skeletal deposition takes on

greater relative importance when absorption occurs
"* the degree of plumbosolvency within the wa- over a period of time. In a steady state (ie, the amount

ter distribution system, absorbed equals the amount excreted), approximately
"* behavioral patterns of individuals (leading to 90% of the total body burden of lead is contained

greater Itkelihood of hand-mouth contact), within the skeletal compartment.'- Of the lead that
"* thecondition of lead-contaminrwed structures, remains in the blood pool, 99% is bound to the eryth-

and rocytes and the remaining 1%remainsintheplasma.m'
"* the total amount of lead in the environmenLO The skeletal pool can further be subdivided: one

subgroup isrelatively lableand passes readily into the
Some inhaled lead can be transported from the blood circulation, the other subgroup appears to be

respiratory tract by ciliary action. This can then be morestabile(inert or slow to mobilize). Thusthelead
swallowed, leading to gastrointestinal absorption.3' in these two subgroups is differentiated based on
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accessibility for transport.0 Another distinction is that large stores may require months to yezm to mobilize
lead withLn the labile pool is related to recent expo- and excrete sufficient lead before normal or relatively
sures, while lead within the stabile pool is related to safe blood lead levels are achieved.
prolonged exposures The body burden of potentially mobJ:e lend can also

The stabile pool can contain comparatively large be substantial: 200 mg or more." Even in the absence
amountsoflead, whichcanbemobilizedduringphysi- of acute exposure, lead poisoning is possible if body
ological stress (eg, changes in calcium balance, acid- stores are mobilized. For examp!le, alcchol consump-
base shifts, or bone trauma). Humans have a limited tion probably mobilizes lead. Anecdotal reports
ability to excrete lead, however, and the rapid mobili- from the lead trades have often noted that workers
zation of kld stores can overwhelm the excretory exp_.rience symptoms of lead intoxication on Mon-
capacity and cause lead intoxication. Lead is excreted idys, after a weekend of heavy drinkingf High meta-
primarily through urine and feces, although small bolic states such as pregancy and lactation can also
amounts are also removed via nails and hair. Chronic accelerate lead mobilization. Lead can readily cross
absorption o( more than 600 pig per day of lead will the placenta and be bioavailable to the fetus. It can
often result in a positive lead balance due to the inabil- also pass through the bi east milk and be ingested by
ity to compensate via excretion." Patients who have the nursing infanLt"

PHYSIOLOGY

While metals such as copper and iron have physi- Hematological Effects
ological functions, and others such as magne,-..1 and
zinc zct as catalysts, no normal physiological function Anemia is a hallmark of lead intoxication. Lead-
or effect hasbeen found forlead. Lead istoxicatabasic induced anemia is typically microcytic and hypcduo-
biochemical levelt it can harm virtually every human mic, but erythrocytes can also be normocytic and
organ system. Because lead is so active chemically, normochromic in the anemia's early stages." Anemia
should it interact with an amino add-in particular, is due to several factors, including (a) inhibition (re-
with sulfhydryl groups (-SH), which are typically the striction) of normal heme synthesis, (b) interference
active moieties on enzymes--the structure or function with the synthesis of globin, (c) interference with the
of an enzyme or other protein could be changed. incorporation of iron into erythrocyte precursors, and

Through this type of action, lead blocks the synthe- (d) shortened erythrocyte life span.
sisof heme. Not ordy is hene an essential component The biosynthesis of heme is catalyzed by enzymes,
of hemoglobin, it is also a component of cytochrome and lead probably inerferes with normal enzymatic
a3, an intermediate in cellular metabolism. Therefore, function. Lead probably affects at least two, and
inadequate heme production can altercellular respira- possibly fouror more, enzymes in this pathway (Table
tion and ultimately alter cellular function. 12-2and Figure 12-10). Theenzyvnes&aminolevulinl

TABLE 12-2

EFFECTS OF BLOOD LEAD LEVELS

Lowest Level at Which Effect Has

Been Observed (jigldtU ?hysiologlcaJ Effect Population Affected

<10 Erythrocyte ALAD inhibition Adults, children
0-25 Elevatbn of FEP Children

20-30 Elevation of FEP Adult. emale

25-35 Elevation of FEP Adult. male
30-40 ATPase inhibited in erythrocytes GerMal

40 ALA excretion Adults, didren
40 Copo uyrinoen exc--etion Adults

Rqtnnttd with y-nnisq w from Klaxs CD. Arwdur MO. Doull. c& C •Md * r Asgs T oxr.t. T twsw of Pt w 3rd ed. Nta
York: Mcraw.HilI 190k 909.
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addddehydratase(ALAD),whlchcatalyzesthesynthe- creased concentrations may not be measurable until
sis of &-aminolevulinic acid (ALA) into porpho- blood lead has rea•hed 404g/dL ProtoporphytinIX
bilinogen, and fermchelatase, which catalyzes the _n- also tends to accumulate in ftythrocytes as a result of
corporation of iron into protoporphyrin IX, are the lead intoxication. One of the most commonly used
enzymes most affected by lead (the former being the laboratory diagnostic tests fer assessing lead expo-
more sensitive, but the latter being the rate-limiting suresisthenrasurewnentof freeerythrocyteprotopor-
stepy.' phyrin (FEP. called "free because the porphyrin is

ALADirihibitionmaybeevidentinbothadultsand tint bound to iron). Elevation of FEP is detectable
childrenatbkod lead levclslowerthan l0pjg/dL The when blood lead 3evels reach 20 to 35 pg/dL,
result of this inhibition is an increase in the level of Becaue zinc is often present in the same cellular
ALA and protoporphyfin IX. Although the level of emvironment as the porphyrLN it will complex with
ALA in both urine and blood can be meas oed, in- plotoporphyrin IX in erythrocytes, forming what is

LF~
I-I
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R& U.10 The effects of lead on the bW~xhmkal pathway ior the synthesis of hewkn The sydi of heoloi
begins with the con•wio of succinyl Co-A "n Slycine to amftwoe'vlini adid WAA). This reaction is catalyzed by ALA
"ynhetaso an enzy ne that may be inhi~ted by ead. ALA dehydratase (AL.AD). whic:h converts ALA to pcqpo•ngm
is extrvyemel ittsi ve to the effects of lead and is nu*.edly Inhi'bited in its pmw.e Activity oft€orprokpnw-hyrit" (CPPP)
decatbmylame which catalyzes the conversion of coj~opohyrib*Vn IrH to piwoýphyrtinogen IX, may be dkmnhdshd.
Finally, kead intoits ferchltise, which caal~v-.e,,,,,,,. the inmaqportimn a( iron into protoporphyrin IX. This is the rate-
lim-iting step in ýRmogkbin synthesis
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known as zinc protoporphynn (ZPP). Some laborato- significant occupationaL and particularly mihtary, it-
ries will assay for zinc protoporphyrin rather than plications. Researchers at the US. Army Medical
FEP, but the tests measure the same phenomenon. ResearchandDevelopmentComnandatFortDetrick,
Both the FEP and ZPP assays measure the effect lead Frederick, Maryland, have found mild but real prob-
has on heme synthesis rather than directly measuring lems in vigilance, visuospacial prception (hand-eye
the content of lead in te blood. Since the buildup of cordination), finermotorcontoL, and memoryatblood
FEP is gradual, the FEP or ZPP assay is only useful as lead levels as low as 40 tig/dL"s These effects can
an index of a long-term (3-4 mo) response to lead. cause definite performance decrements. Small decre-

Lead may also inhibit ccproporphrinogen decar- ments may not pose problems in many occupational
boxylase, which converts coproporphyrinogen Ill to settings; however, dunng critcal or taxing sieuations,
protoporphyrnogen IX. This results in increased especially those a toldier faces during combat or real-
cpopophyrinogen excretion, which isevident when istic training, small decrements in performance could
blood levels reach 40 jig/dL Activity of ALA syn- mean the difference between life and death.
thetase, an enzyme responsle for the conversion of
succinyl Co-A and glycine to ALA. may also be re- Periphel Nemo sSystem
duced in the prese.-re of lead.

Lead also interferes at two other points in hemato- One of the most char-teristic findings of severe
poiesis: with the protein synthesis of the globin moi- lead intoxication (e, blood lead level > 80 pg/dL), is
ety, and with the incorpoation of iron into eryfthrocte peripheral neuropathy (lead palsy). This neuropathy
precursors. Formediy,basophiicstiping-acharac- can be sensory, motor, or bok Largr myelinated
teristicsignof lead exposure-was thought tobecaused motor neurons (primarily of the extensor muscles) are
by small intacellular inclusions of iron, remnnts of generally affected most severely and produce the
lead'sinterference with intracellulariron. Now, how- most predominant symptoms.O The tendency is for
ever, the basophilic stippling is thought to be the thermotorneuropathy to producesymptoms referab
remnants of lead-induced intracellular organelle de- to a single muscle gxourp then as the intoxication pro-
struction during erythrocyte formation) In erythro- gresses, additional motor groups become involved.
cyte precursors, lead interferes with the hicrpora-
tion ot hion into the hemoglobin molecule by causing
ferrous iron to precipitate out of heo.globin.

The anemia of lead poisoning results not only from EXWlml 12-1
interference with heme synthesis, but also from short-
nd erythrocyte Wfspan. A!t*ough increased fragil- CENTRAL NERVOUS SYSTEM EFFECTS

ityof thecell membrane and inhibition of ATPase have OF LEAD EXPOSURE
been associated with a reduction in erythrocyte life
span, the actual biochemical basis for this eff re- m.
mains unknown.. lmtesessrues

Nnw Elogical Effects Irritability or combativeness
Decreased libdo

Lead's effectson th centrJ and peripghal nerous • im
y (C and PNS) are at once profound and Y'•i Me•ptin F m

Short- and long-term memory !csres
subtle (ExhAit 12-1). Although the profound effects Deavmec ability to manipulate information
have been known for years, only recently have we Skepdbances
begun to appreciate the subtle effects and the level at Headache
which they start to appear. The fundamental reasons
for the neurotoxicity of lead are not entirely known.
What is dear i. that lead can affect the neuroogcal Severe and Obviom Effects
system in a number of basic ways, including reducing Delirium
the availability of glucose in the cerebrum, altering Ataxia
the production and function of neurotransmitters; Seizurexativity
and, even more fundamentally, interferng with cellu- Eacqalathy
lar resiatiorLWa. Coma

"The neurological sequeia of leJd intoxication have
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Numerous examples of occupationally related motor The pathological and physiological changes in the
neuropathies due to lead have been reported, including CNS can result in a broad spectrum of effects from
painters wrist drop, file cutter's paralysis, and laborer's mild and subtle, to severe and obvious (see Exhibit 12-
foot drop. On examination of a wore suspected to 1). Grossencephalopathyisrarein adults atblood lead
have lead intoxication, the physician may find that the levels less than l2Opg/dLbut subtle effects may occur
patient complains of pain and paresthesias, weakness, at blood lead levels as low as 25 to 30 ptg/dL While
atrophy, and fasciculations. An interesting feature of fulminant cases of neurological disease caused bylead
lead palsy is that these motor neuron deficits appear to areeasy torecognize, theeffects of the lower exposures
affect preferentially the most frequently used motor can be quite difficult to detect. Gross clinical observa-
neuron paths. Thus, right-handed painters have been tion may not be sensitive enough to detect the subtle,
noted to develop wrist drop of the right hand. The gradual changes of mild lead intoxication. Serial psy-
mechanism of this phenomenon is not understood,but chometric and psychokinetic tests are necessary to
maybe related to increased blood flow to those heavily document the effects of lead intoxication. This testing
utilized motor groups and the concomitant increase usually includes written and standardized batteries
in lead distribution to those neurons. and specific tests for visual memory, visuomotorcoor-

Perhaps related to many of these PNS effects, lead dination, and reaction times. Testing with these corn-
can exert a toxic effect on the supportive Schwann ponents has demonstrated dose-related effects of lead
cells, resulting in their demyelination, axonal degen- on memory, hand-eye coordination, depression and
eration, and slowed nerve conduction.m" Neuronal other affective disorders, attention span, and reaction
slowing typically occurs only after prolonged expo- timeI In an occupationalsetting, thesubtleeffectsof
sure, and .sually after severe damage has already lead exposure can be assessed by obtaining a
occurred." Inmild-to-moderateintoxicationstheaxon preemployment baseline of psychoneural function
itself is not injured, but mr severe intoxications and subsequent seialperiodictestin& Unfortunately,
produceaxonopathy. Tbe potential that the effects can these tests are imprecise, time consumin& and diffi-
be reversed is greatest when the axon has not been cult to interpret making psychometric testing imprac-
injured. If the axon is involved, prognosis is, at best, ticalasa routineoccupational-surveillance tool. How-
fair. The effects on nerve condiction are generally not ,-/ertheycanbe useful to help document and quantify
apparent untilblood lead levels exceed 40 to 50pg/dL, progressive effects of low-level exposure in selected
and even then, slowing is subtle and not observed in individuals, end are useful research tools.
all patients. Some slowing has been noted with blood
lead concentrations as low as 30 ttg/dL_ Nerve con- Reprodudive and Developmental Effects
duction hasbeen sufigested as a good indiator of early
lead neurotoxicity. However, as a screening test. Nunmrous investigations have reported that inor-
nerve conduction lacks both sensitivity and specific- ganic lead is toxic to both male and femal reproduc-
ity. Furthermore, mar.y conditions other than lead tive systems as well as to the developing fetus•"
intoxication can slow neuronal conduction. At the Recent reports strongly suggest that inorganic lead
present, nenve-corduction studkes are best suited to levels once considered I ) be low and safe can induce
determining subtle neurologkal effects in large popu- significant reproductive and developmental toxic-
lations rather than in individuals, ity.r'• In contrast, there is less evidence th.t or-

ganc ead is toxic to the reproductivv. ystem.
Crotto Nerras S•sf• Lead's effects on the femake rev.-.uctive system

have been recognized for centurics. Clinical r•rts
"T1h CNS effects of lead poisoning (including en- from the eary portion of this centur document that

cephalopathy) are well known. While pe1ipheral numerous fzmale lead workers, and wives of male
neuropathy is primarily a problem resulting from leadworm."e,,had nreased ratesofspo•saneousabor-
inergnc lead, 045 effects can )e the result of expo- tions and reproductive dysfuncton.-• Current think-
sure to organic lead as well. The ease with which trig is that toxicity to the female reproductive system
orpamn 'zad passes triough the blood-brain barrier may start to occur perhaps as low as 30 pg/dLt. and
probably pK-entiates the CNS effects of organic lead, that it manifests itself through a broad range of effects
and is partkiularly imvrtmnt in the twxicity of triethyl inchuding snualddsturbancsterllityazdhigdher
lead" Pathologially, lead can inducecerebt al edema, ratesof prematture births and spontaneous aborfions.
focal degeneration and necrosih of neuron, and cere- I lad is also tcWdc to the male reproductive system
brovaxua changes but Lte adverse effects tend to occur at higher blood
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lead levels. Male reproductive effects may start to Most experts now agree that women who are al-
occurat blood lead levelsof approximately 4Opg/dL, ready pregnant and male and female workers who
and are readily observable at blood lead levels of 60 plan to have children requirea greaterlevel ofprotec-
uig/dL or more.Y Specifically, adverse effects include tion than that currently afforded by law.m
abnormal sperm morphology, lowspermcount, steuil- A recent Supreme Court decision is particularly
ity, decreased libido, and impotence.*' relevant. In the case of Johnson Controls v. the United

Developmental effects are also of significant con- Auto Workers, the issue was an employees right
cern, especially the neurological systems extreme sen- to choose to stay in the job versus the employer's right
sitivitytolead. A fetuswhoismaternallyexposed,and to keep workers (in particular, female workers) out
young children who livein environments wherelead of areas known to be contaminated with chemicals
is readily accessible (or whose parents are occu- known to be toxic to the reproductive system. Al-
pationally exposed), are at high risk of adverse devel- though the Johnson Controls case could be extrapo-
opmental effects. Lead exposure to pregnant females lated to apply to any reproductive hazard, the one at
equates with fetal exposure, blood lead levtss in the issue was lead."
umbilicus appear to correspond closely with maternal
blood lead levels." An estimated 400,0(0 fetuses per Gastointectinal Effects
yearare potentially exposed to lead via maternal occu-
pation.' Theeffectsof lead on the gastrointestinal system are

The American Academy of Pediatrics has stated more symptomatic than functiona: abdominal pain,
that, even in grossly asymptomatic children, the constipation, loss of appetite, nausea and vomiting,
neuropsychological effects of lead are largely irrevef- anda metalic taste inthe mouth. Gastrotestinal symp-
ible.'4 Neurological development is maximally semi- toms usually appear at blood lead levels exceeding
tive to the adverse effects of lead exposure at 3 to 6 80 pag/dL At blood lead levels greater than 100 pg/
weeks gestational age, although the fetus remains dL classic lead colic may develop. Lead colic is char-
somewhat sensitive throughout pregnancy.? Many acterized by the sudden onset of severe, paroxysmal
studieshavereported a significantcorrelationbetwe'.n abdominal pain. The underlying mechanism of colic
the umbilical cord or child hood blood lead levels, and is generally believed to be due to lead's direct toxic
subsequent decreases in the exposed population's av- action on the smooth muscle of the small bowel.
erage intelligent quotient or mental development in-
dex." " Significantly, this efect was noted for Cardiovascular Effects
maternal exposures as low as 15 to 20 jpg/dL These
exposures are one-half the current allowable blood As early as the 1930s, researchers noted a correla-
lead levels for workers (30 pg/d L) that OSHA recom- tion between h pertension and high-level, prolonged
mends to minimize the risk of adverse reproductive lead exp•sure. These studies reported exposure 1ev-
effects.& In addition to lead's effect on mental devel- e&s that were quite high compared to those found in
opment, the effects of maternal lead exposure on the current occupational settings. Morerecent studiesand
developing fetus may include growth retardation. analysesoftheNationalHealthandNutritionExami-
malformations, and hyperactivity.?2 4  nation Survey 11 (NHANES 1U) data suggest that low

In assessing the suitability of a pregnant worker for levels of blood lead are associated with small changes
a job inwhich there ispotential lead exposure, occupa- in blood pressure.o" In 1988, a researcher estimated
tional health physicians must be aware that that adult male systolic bMood pressure increases from

approximately 1.0 to 2.0 mm of mercury for every
" because lead is transferred effectively through doubling of blood lead leveL' The correlation, al-

the placenta and reaches nearly identical con- though statistically significant, may not be clinically
centrations in the maternal and fetal circula- relevant, however. Precisely how lead exerts its
tions, any workplace exposures resulting in hypetensive effect is not known. A few mechanisms
blood lead levels of more than 15 to 20D g/dL have been suggested as possible causes: direct action
could potentially harm a developing fetus; of lead on the arteriolar smooth muscle, alteration of
and the renin-anoensin system, or change in intracelhi-

" the pregnancy itself may cause increased lead lar calcium balance. Certainly the possibility exists
mobilization from body stores, increasing the that lead may induce hypertension as a result of its
maternal blood lead level and therefore the nephrotoxic effect, although this effect would prob-
le3d that is available for transport to the fetus. ably not be apparrnt until kidney function is notice-
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ably affected. Degeneration of cardiac muscle and Other Effecs
eectrocardiogrphic changes have been noted from
lead as wee Other possible effects of lead exposure indude in-

terference with the function of vitamin D and the
Renal Effects development of cancer. Studies have demonstrated

that interference with vitamin D function can affect
Lead is toxic to the kidneys. Proximalrenal tubular growth and development, immunological response,

dyshunction has been reported as a result of chronic and bone structure. Various researchers have sug-
exposure, leading to amfhwAoduria, phosphaturia, gested that lead may be a carcinogen; however, this
glucosuia, and hyperphosphaturia (Fanconi-like syn- research has yet toproducedefinitiveproof. Advisory
drome). Hypeniricemia has also been reported. Ex- and regulatoryagenciesare mixed in theirassessment
cess retention of uric acid as a consequence of lead of lead asa carinogen. The International Agency for
exposure may produce saturnine gout. Prolonged ResearchonCancer(IARC)doesnotrecognizeleadas
exposure can cause interstitial fibrosis, tubular afro- a human carcinogen, but based on studies with ani-
phiy, and glomenrular destruction. mals, theEnvironmental ProtectionAgency (EPA) has

Renal diseaseprobablydoes not occur without very designated lead asa probable humancarcinoge(class
large, chronicdosesof lead. Most effects of short-term B2). Studies with animalshavedemonstrated that lead
exosr on the kidney are reversible. ITe likelihood causes renal cancer in rodents, yet retrospective hu-
of irreversibility increases with the length and degree man epidemiological studies have been inconcusve.
of expomre Early in the course of occpational lead Studies involving lead workers have not consistently
exposure, renal-function tests probably will not show documented an increased incidence for any pa.ticular
any abnormality. Typically, up to 50% of renal fmc- 3antomic sites of cancer. Some studies did indicate a
tion must be lost before renal-function tests show slight excess of renal, king. and stomach cancers, al-
changes. Thus, renal-function tests tend to be poor though these studies' conclusions may havebeencon-
indicators of exposure to low levels of lead' founded by other exposurs•'

OCCUPATIONAL SURVEILLANCE

Several laboratory modalities are available to assist relatively rapidly, with a hall-life of 35 days.
in assessing the received dose from an exposure and An important goal of monitoring the blood lead
the effects of an exposure, as mentioned previously, levels of employees is to ensure that blood lead
The most frequently utilized are (a) blood lead level levels remain below 40 pg/dL of blood in any given
measurements, which measre lead directly (b) mea- individual. To obtain an accurate assessment, the
surements; of ZPPand FEP, which quantitativelymea- bood lead specimen should be collected in a hepa-
sure the effect of lead on the synthesis of hemoglobin; rinized container at the end of the work shift and sent
and (c) measurements of ALAD, the activity of which to an approved laboratory for analysis. Once a reii-
is inversely related to the blood lead level, able and accurate result is obtained, conclusions can

be drawn about lead exposure in that worker. Most
Meaurement of Blood Lea LeVel people in the general population have blood lead

levels of 5 to 15 pg/dL" A blood lead level elevated
Of the many laboratory modalities used to assess over the baseline can be a sentine event, indicat-

leadexpourethemeasurementofbloodlead levelsis ing that workplace exposure controls are less than
often considered a cornerstone of a lead surveillance adequate or that previously absorbed lead is being
program. The blood lead level measurement demon- mobilized.
strates the amount of lead present in the blood corn-
partient, and this measurement is usually a good of Free Eyirocyte Po"wphyrin
indicator of recent exposure to lead. However, el- and Zinc Iwpphyrln
evated blood lead levels can result from mobilized
lead stores from skeletal tissues as well, and therefore Unlikeblood lead lelmeasurements that actually
relate to past exposure. Blood lead measurements do demoostrate the concentration of lead measurements
not adequately quantify intermittent or past exposure of FEPand ZPPdemonstratelead's effect on hemoglo-
becausethelead in theblood compartment turns ove bin synthesis. These levels are direct, quantitative
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meas ments of erythrocyte porphyrins in the blood. Measurements of 8-Aminolevulinic Add
Excess porpyrinsare formed when ferrochelatasean Dehydratase Activity and 8-Aminolevulinic
enzyme responsible for incorporating iron into the Add in Urine
porphyrin molecule to form heme, is blocked. Because
hemoglobin is produced only in the bone marrow by The most sensitive test currently available to detect
rmturing erythrocytes, lead has no effect on the eryth- the early effects of lead intoxication is the screening of
rocytes already circulating at the time of exposure. ALAD activity. This enzyme's activity is inhibited as
Thus, when FEPand ZPPare measured in a peripheral the blood lead level rise As with FEP, measuring
blood sample, it is the effect that lead has had on ALAD shows an effect thatblood lead has caused over
erythrocyte development during the preceding 4 to 6 the past few months. Whether ALAD activity can be
months (the normal life span of erythrocytes in the used in occupational surveillance ik unclear. Measur-
peripheralcirculation) that isbeingmeasured.1 There- ing FEP is important to help document a true health
fore, measuring FEP orZPP does not replace the need effect (impaired henatopoiesis), whereas ALAD ac-
to measure blood lead directly. Rather, these indirect tivitydocuments oniya biochemical effect, the ';nical
tests providea useful adjunct to direct blood lead level significance of which is still under study. Forexample,
measurements. The FEP and ZPP measurements are in some cases, no deficit of bematopoiesis is noted
not specific for lead intoxication. Any condition that at moderate blood lead concentrations (< 40 pg/dL),
results in the accumulation of protoporphyrin X (eg, yet, ALD activity is almost completely inhibited?'
anemia, iron defldency,andexcessproductionorcon- Furthermore, the test for ALAD activity is not yet
centration, orboth, of other prophyrins such as biliru- widely available, which limits its utility in occupa-
bin, urobilinogen, and riboflavin) will result in the tonal surveillancev
elevation of ZPP and FEP. Lead and ALA concentration in the urine (ALA-U)

Assays for ZPP and FEP are often considered to be havealsobeen suggested zs possible modes of surveil-
interchangeable, but they are not. Subtle and signifi- lance. Urne-basedassaysarenoninvasive, lessxpen-
cant differences exist between them: FEP measures sive, and more convenient than blood-based assays.
free (uncomplexed) porphyrins; ZPP measures poer- Although some studies have suggested that exposure
phyrin that has complexed with the zinc normally to stable air concentrations of lead results in stable
present in the blood. ZPP is measured using a urinary excretion, most cccupational exposures are
hematofluoroime, and the erythrocyte porphyrin variabk and unstable." Furthermore, there can be
level is Lstimated froma calibration standard, which is considerable individual variation in reval function,
often based on an average hematocrit for the popula- again resulting in uninterpretable laboratory values.
tixm-childrenoradults--beingtested. FEP, however, Thus, the useof monitoring the urinary concentration
is measured using a much more accurate extraction of either AL? ,-w lead as a medical surveillance tool is
method, and is a direct quantification of porphynin. usually of ques-ioble value. The best practical use
There is more variation between individuals in the for these arine-based iczt is in monitoring progress
measurement of ZPP compared with FEP, unless the during chelation therapy.
hematofluorometer is calibrated individually formeach ALA-U tends to increase exponentially once the
perso's hematocri. The ZPP estimate is subject to blood lead level exceeds approximately 40 Iag/dL
greater errno in mreasurement, but it is an easier, faster therefore, it is sometimes used as an indicator of lead's
laboratory assay, and because an estimate is usually effect on the hematopoietic system At blood lead
adequate, it is often preferred. levels lower than 30 pg/dL only small elevations in

These o yri tests are often used in con- the ALA-U are noted. Relative to FEP, however, ALA-
Junction with the blood lead level measurement to U determirations have these limitations:
assessboth theseverityand the nature of theexposure.
High levels of FE? or ZP? correlate well with lead * they tendnot to be as useful for detecting sub-
exposum Normal levelsofZPPshouldbe25pig/dLor OSHA regulated blood lead levels,:and
lower." Lower levels of blood lead do not correlate * ALA-U tends to drop off quickly once expo.
well with levels ofFEPorZPIP. For example, FEP and sure ceas.'
ZPP will not be increased at blood lead levels lower
than 20 to25 pg/dL This insensitivity has significant Lead content in hairhasalsobeen poposed asawd
implications.forscreeningprograms: testsforFEPwW ind ofexposum Howevtedhiculdifficultiesin
ZPP will not be useful in identifying low-level eqxpo analysis and standardizntion prevent the %XXXns-ste.~Y
surm to lead. necessary for a good screefing or diagnosi teist
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TREATMENT

When preventive measures fail and blood lead lev- & the treating physician must have adequate ex-
els are exceedingly high, clinical therapy including (a) perience in the procedures, and
treatment of an acute poisoning, (b) supportive care, 9 the therapy must be based on clinical findings
and (c) chelation therapy may be necessary. as well as on the blood lead leveL

The treatment of an acute poisoning and the subse-
quent supportive care are necessary for short-term Chelation prophylaxis is never appropriate as a
ingestion of 0.5 g of lead. In adults, death can occur preventive measure for lead workers and such use is
within 1 or2 days after ingestion of 10 to 30 g." Blood specifically prohibited by law.u
lead levels higher than 110 pg/dL have been fatal in The Ca-EDTA lead mobilization test is a useful
children, but adults with levels twice this high have procedure that can help to determine the extent of
survived. Treatment for acute poisoning in known body stores and whether chelation therapy may be
ingestional exposures includes gastric lavage to re- indicated. (Other testsarecurrentlybeingdeveoped.)
move the lead, and hydration to minimize the toxic The mobilization test utilizes a bolus of Ca-EDTA to
effects onthekidney. Subsequentsupportivecare may mobilize stored lead, and then measurm theamount of
be indicated to treat symptomatology (such as ab- lead that is excreted via the urine. Although the dose
dominal pain), monto electrolytes, and deal with of Ca-EDTAhasnotbeenstandardized,30mg/kghas
complications (such as liver or kidney failuxe), been suggested as the recommended bolus Many

Chelation therapy (which chemically removes me- dminians who perform this test usea bolus of Ig. The
tallic ions from participation in biological reactions test consideredpositiveandindicativeofdangerous
by causing the metal to bind to a complex ring; in levels of lead stores if more than 600 pg of lead in 24
heine, the pxphyrin ring normally chelates the fer- hours is chelated and excrted.&ý In cases of renal
rous ion) can be useful for severely poisoned patients, impairment, an excretion of more than 600 pg of lead
whether the poisoning is acute or chronic Chelation in 72 hours is considered positive.
therapy is used when simple removal from further The chelating agent of choice is not always Ca-
exposure will not reduce blood lead levels to an EDTA. It has proven to be beneficial in high-level
acceptable degree in an acceptable period of time, or poisonings, although no study has yet definitively
whenbodystoresofleadarelargeandwouldprobably indicated a benefit from chelation in asymptomatic
cause intoxication when mobilized. However, the individuals who are mildly intoxicated. Currently,
decision toadministerchelation therapy is not without some debate exists on the administration of chelation
risk. For example, the most frequently used chelating therapy for low blood lead levels in asymptomatic
agent,caliumdisodiumedetate(Ca-EDTA),cancause children. This debate centers around the indications
zinc depletion and acute renal tubular necrosis if that, in young chldren (k 6), even low blood lead levels
used improperly. can cause delayed CNS development. D-enidlamine

Some researchers suggest that chelation therapy be and British anti-Lewisite (BA) have also been used to
admjnistered when blood lead levels reach 80 Itg/ chelate lead. These agents are usually considered to
dL., while others favor initiating therapy at even be second choices because of their high potential
lower levels (perhaps 70 pg/dL), particularly in chil- toxicitfies. Ongoing research suggests thata numberof
dren." The most rational advice when approaching candidate substances, such as 21imeaptiosucinic
chelation therapy is that acid (OMSA), s•w promise as effective kid dhelatob

PREVENTION AND CONTROL

Prevetinmandcntrol ma snmustbeimpemest- onday prevention, which implies an early irtuvention
ed togetherto urtl workerexqposure adequately. Con- tolimit the ill effects ofexposurc, and Wc) tertiary preven-
trol measures involve several general industrial by- tion, which is a therapeutic or a rehabilitative acton.
giene practices such as engineering controls aWn PPE
however, prevention methods can be divided specifi- Standard and Regulations
cally into (a) primary prevention, which implies that
exposurand m effects arecompletelyavoided,(b) sec- Occupational and environmentalstandardsencom-
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pass elements of all three preventive strategies. As the lation. For example, early in this century, the occupa-
potential hazards of lead became known, regulation tional standard for Lead concentration in air was gen-
and legislation to control exposure have become more erally 500 pg/m 3,ý it dropped to 200 pg/zn3

1 ' and is
commonplace. Forexample, he govermmentof Great now 50 pgfmý." (interestingly, the normally more
Britain developed comprehensive rules, and regula- conservative Amner-ican Conference of Governmental
tions, pertaining to occupational lead exposures as Industrial Hygienists IACCIHI has a recommended
early as the late 19th century. In the United States, the Threshold Limit Value IThVI of 200 pg/ni 3 which is
Commonwealth of Massachusetts enacted a law in higher than the maximum level set by OSHA regula-
1723 that banned the use of lead-containing materials tion?'")
in rm-distfilation equipment.4' Stil,widespread regui- As with air lead levels, blood lead levels in the 60 to
lation in the Ur~ited States did notappear until the mid- 80 pg/dL range were once considered to be generally
to late 20th century, an~d federal regulations did not safe."M The currently recognized "safe level is also
appear until the 1970s. These regulations, adminis- corming undera great deal of suspicion. ltisnowfairly
tered by several federal agencies, cover a number of well accepted that the 40) pg/dL. level is probably not
settings for lead exposure (Table 12-3). The US. Army safe for reproductive adults and young children." In
complies with all federal occupational and environ- addition, under the 1974 Safe Duinking Water Act, the
mnental regulations. EPA attempted to ensure the safety of public water

During this century, the worldwide trend has been systems by establishing and regulating the maximum
downward for what are considered to be safe or ac- contaminant levels (MCI.) for each contaminant of
ceptable blood and air levels, resulting in tighter regu- concern

TABLE 12-3

SUMMARY OF LEAD STANDARDS AND REGULATIONS

Regulaftor Subject of Regulated
Agency Rtegulation hxpomu Level Commnent

CDC General population 25 pg lead /dL Advisory level for maxim-um 'safe blood lead in
blooid children

FDA General population 100 jag lead /day Recommended maximum permitted intake via food
(primarily for chilren ages 1-5 years)

ACGIH Workplace air M5 pg lead/rr~air TLV is 3-fold > OSHA PEt.

NIOSH Workplace air 100 pg lead/n 3 air Recommended exposure air is 2-fold > OSHA PEt.

OSHA Worker blood lead 60 pg lead/dL blood Necessitates medica removal fromn job
OSHA Worker blood lead 40 pg lead MI. blood NecessitatL-4 mandatory detailed medical examdination

OSHA Workplce air 50 pg lead/m¾Jir PEL 8-h rwA*

OSHA Workplace air 30 pg lead/rn3air Actiont level, 8-h TWA

EPA General ambient air 1.5 pg leacl/m 3afr Averaged over a calendar quarter

EPA Drinking water 50 pg lead/l. water Enforced drinking water standard or MCLt; 5 pg/L is
the proposed MCI.

EPA Drinking water 0 ppan MCL goal (what EPA comsiers safe. regardlessof
technically achievable attaunment)

CPSCS Paint 0.06% (600 ppm) Maxmumw % (dry wt) in newly purchased or applied paint

TaM*-wh1Aed average
tMaidumuw cmuiawnmnt leve
tCcunmwr Products Wkty Cmiown~s
5moi'cc. L'SIDrpattmno.tot tHealth and Human~ernict Agencyfor TewSubsuaniuand DiseaselRegisry. Lead toudhy. In: Catrral Afrr:
COesr St i drs iw Emw.,rmwfai Mdrtw.t Atlant,. Cpa- UISDHI-15 June 199( 17.
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Occupational Regulations TABLE 12-4

Work-related lead exposure is regulated by Title 29 COMPOE OFTHE OStA LEAD STANDARD
Code of Federal Regulations (CFR), Part 1910 § 1025.n 12'-

Specifically, this regulation applies to all occupational S i o epo
lead exposures, excluding certain construction and SpecifCompo t PaPh
agricultural situations that are regulated by 29 CFR
1928." The construction standard is less stringent and Pemisib exposure limts C
less relevant to military lead exposures, and therefore Exposure monitoring D
will not be discussed further. The occupational regu- Methods of compliance E
lation, 29 CFR 1910, hereinafter called the OSHA stan-

dard, covers exposures to metallic lead, all forms of Respiratmry p F
inorganic lead, and organic lead in soaps. However, Other p.ctive equipment G
this regulation specificaly excludes exposure to all H ose teeqping Hr

other organic lead compounds.Huewpg
The OSHIA standard distinguishes between work- Hygiene facilities and practices I

ers who are exposed to lead for 30 or more days in a Medkal sumdlmce
given year, and workers who are exposed to lead for
fewer than 30 days per year. This distinction is the Medical emoval potetioIm
basis for the requiements for the maximum Peis- Employee infmwtion and training L
sible airborne lead levels and the im stration of
medicalmonitoring. Although thereare manycompo - Recm N

nents of the OSHA lead standard, the most important Monitoring and observation 0
categories of requirements are for air monitoring,
medical monitoring, personal protection, employee Sourcr. 29cFR Pat 1910o s i0.
notification, and employee training (Table 12-4).

AirMoxitoring borne lead concentrations at or exceeding the action
leveL The standard stipulates that all employers must

OSHA considers that, under most working condi- conduct this initial air monitoring if any of the follow-
tions, airborne lead levels correlate well with employ- ing conditions is met:
ees' blood lead levels. Therefore, air monitoring pro-
vides the foundation for implementing the OSHA * information, observation, orcalulations mdi-
standard. The important values established by the catethatemployeesare,rcouldbeexposedto
current regulation are lead;

0 prior monitoring of airborne lead indicates
"* the action levd, which OSHA defines as 3Opg/ possible lead exposure; or

Mi3, an Mhour time-weghted average (TWA, the • any employee complains of sympto• s attrib-
average exposure that would occur if employ- utable to or indicative of lead exposure.
ees were exposed to a given level of lead for a
normal 8-h workday), and OSHA mandates the frequency of air sampling,

"* themaximum rissblepu level(P L), based on the results of the initialair monitoing, f the
which OSHA defines as 50 Itg/m 3 TWA. initial air monitoring indicates that no employee is

exposed to lead levels at or exceeding tlhe action levek,
If employees are exposed to air concentrations ex- then the employer is required only to document the

ceeding the action leveL employers must initiate con- detemiation. The documentation must indicate the
tWl measures or preventive strategies to limit exoX)- results of the air sampling, specific conditions of the
sure. These control measures may deal with exposure sampling, (eg, the names of the individuals who con-
monitoring, medical surveillance, and triningoredu- ducted the air monitoring, the testing dates, and the
cationorboth. The PELis the average8-hourairborne equipment used), and the individuals (or thelocatWon)
concertratlonwhichmaynotbeexceededtudermost for whom the air sampling is valid. if the initial
circumstances. monitoring indicates that a lead exposure between

The OSHA standard requires an initial assessment the action level and the PFE is occurring, the stand.
to determine whether employees are exposed to air- ard requires t*at air monitoring be repeated every 6
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controlmeasuresarerequiredtolimitexposuretooonly of that employee's blood lead monitoring increases
200 pg/m3, and a combination of administrative and fromonceevery6 months to once every 2 months. The
personal protection means can be used to effect the blood lead monitoring must continue until two con-
remaining reduction to less than 50 jug/m 3. The poli- secutive blood lead measurements are 40 Pg/dL If
cies and operating procedures that detail the ways in monitoring indicates that the blood lead level is higher
which an employer controls lead exposure are fre- than 40 pg/dL, the worker must be notified of these
quently termed a compliance program. Compliance results within 5 days. Although the OSHA standard
programs must be documented in writing and up- itself and the frequency of blood lead monitoring are
dated biannually. based on a 40 pg/dL limit, OSHA recommends a

permissiblemaximum blood lead level of30Jig/dL for
Medical Surveillance those employees (male and female) who wish to have

children.
The OSHA standard requires employers to make The OSHA standard provides that occupational

medical surveillance benefits available, which the health physicians have discretionary power: they are
OSHAstandardrequiresbeprovidedunder thesuper- allowed to set more stringent (conservative) criteria
vision of a licensed physician and without cost to the than those the OSHA standard defines for removing
employees, (a) to all workers who are exposed to lead workers fromexposure. For example, the OSHA stan-
at or above the action level for more than 30 days per dard mandates that employees with blood lead levels
year, (b) prior to assignment in areas where concentra- higher than 60 pg/dL, or those whose average blood
tions are above the action level, or (c) whenever there lead levelishigher than 50pg/dLforthreeconsecutive
isa medical need for theexamination based on worker measurements, be removed from exposure until their
complaints or medical suspicion of exposure. Em- blood lead levels drop below 40 pg/dL However,
plover participation is mandatory, but each employee regardless of the blood lead level findings, an occupa-
decides whether to take advantage of these benefits tional health physician may recommend that employ-
(Exhibit 12-2). ees be removed from exposure if their symptoms

The OSHA standard dictates that the maximum demonstrateadverseeffects from lead. lfanemployee
allowableblood lead levels in working adults is40pg/ is medically removed from exposure, then the OSHA
dL If medical surveillance indicates thatan employee standard requiresthatblood lead level determinations
has a blood lead level greater than this, the frequency be performed every month while the employee 6s

EXHIBIT 12-2

OSHA-MANDATED MEDICAL SURVEILLANCE REQUIREMENTS

Determinations of blood lead level and zinc protoporphynn levels every 6 months

Compilation of a detailed work history with attention to past lead exposures

Compilation of a habits history (smoking, dnnking, pica)

Compilation of a detailed medical history (to identify potentiz! risk factors and adverse effcts associated with
neurological, cardiovascular. renal, hematological, reproductive, and gastrointestinal systems)

A physical examination, with attention to the same systems mentioned above, as vwell as the respiratory system if
respiratory protection is used

Measurement of blood pressure

Measurement of hemoglobin and hematocrgt

Measurement of erythrocyte indtces (including a review of the perip.-ral smear)

Measurement of serum creatinine

Urinalysis, including a microscopic examriation

Pregnancy testing or laboratory evaluation of male fertility
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removed from the worksite. Additionally, whether an limiting lead exposure are contained within the Corn-
employee is removed from exposure due to excessive prehensive Environmental Response, Compensation
blood lead levels or upon a physician's recommenda- and Liability Act (CERCLA), the Safe Drinking Water
tion, the OSHA standard states that no adverse per- Act, the Clean Air Act, and other federal laws. These
sonnel actions may result from such a removal for up regulatiors cover exposure to lead from many sources
to 18 months (ie, the employee cannot be fired for any such as drinking water, air, food, and consumer items
reason during that time). such as paint. Still other regulations cover the use or

disposal of lead products but a detailed discussion of
Personal Protection and Hygiene all environmental regulations is beyond the scope of

this chapter.
The OSHA standard requires that employers pro-

vide potentially exposed employees with the neces- Drinking Water
sary PPE, such as coveralls and gloves, at no cost to the
employee. Launderingworkclothesand maintaining The EPA's established limit of lead in drinking
the cleanliness of the worksite arealso the employee's water-not greater than 50 pg/L-is the maximum
responsibilities. Dry sweeping of lead dust is prohib- level of contaminant for drinking water from a water-
ited;it must be vacuumed upor washed down. Some- distribution system. The EPA has also proposed an
times vacuuming with a high-efficiency particulate air ultimate goal of zero lead in drinking water and EPA
(HEPA) filter may be necessary to remove lead dust. regulations state that lead solder will not be used in
The employer must also provide clean eating, lava- plumbing joints. Furthermore, the public must be
tory, and washing facilities. notified if drinking water is contaminated with lead as

a result of either lead in the plumbing system or water
Training and Notification sufficiently corrosive to cause lead to leach.

The OSHA standard holds employers responsible AmbientAir
for informing their employees of the existence and
content of the regulation, and to notify employees of The Clean Air Act regulates the level of lead in
their test results. The purpose for this requirement is ambient air. The substantial decrease of airborne lead
to keep employees as informed as possible about their in recent years has been a direct result of the use of
exposure to lead, the health implications of exposure unleaded gasoline, as this regulation has required.
to lead, and the protection and control practices avail- Currently, thestandard permits no morethan 1.5pgof
able to them. Specifically, training must include infor- lead per m3 of air. The reduction of air pollution will
mation concerning the effects of lead, the engineering have subsequen, impact on soil and water contamina-
and other control measures used to deal with the tion as well. Recent amendments to theoriginal Clean
hazard, and the purpose and details of the medical Airlegislationhavemadesomeadministrativechanges
surveillance portion of the regulation. on how the air concentration is calculated and what

comprises an acceptable level of air discharge.
Envi:onmentai Regulations

Food
Military preventive medicine specialists who prac-

tice occupational health often are responsible for the The Food and Drug Administration (FDA) has also
environmental health of those who work at the instal- promulgated a maximum allowable daily ingestion of
lation. This responsibility can include ensuring that 100 grg of lead from food% The FDA has concentrated
the post's water-distribution "ystem is safe; that post some attention on lowering lead content in canned
housing, day-care centers, and other facilities are lead foods, and controlling the entry of food utensils (pot-
free and safe for habitation; and that hazardous waste tery) and pesticides into this country.?*
is disposed of appropriately. These physicians must
be cognizant of the regulations and standards that Paint
involve both environmental and occupational sources
of lead exposure. Lead within paint has been regulated by the Con-

Regulations pertaining to environmental Wad tend sumer Products Safety Commission to a maximum of
to be less specific for individuals than regulations 0.06% net weighL" Furthermore, the Department of
pertaining to occupational exposure. Provisions for Housingand Urban Developmenthascompiledguide-
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lines on lead abatement in older homes. Some of this However, no adequate substitute for lead is avail-
guidance has military relevance most installation able in many situations, and the alternative is to sepa-
housing and buildings now-v used for child-care centers rate the worker from the exposure. Thiscan beaccom-
are old and contain layers of lead-based paint, plished through a number of ways:

Prevention and Control * Enginmring controls. For example, ventilation
can be designed and manufactured to keep

Without doubt, the most effective means of pre- iead and its fumes and dust physically away
venting lead exposure is primary prevention, which from the worker. Care must be taken not to
includes (a) avoiding lead completely by substituting redirect the hazard toward others.
a less-toxic substance and (b) separating the worker a Administrative controls. For example, work
from the lead (both spatially and temporally). These schedulesandactivitiescanbecycledtoreduce
efforts require both administrative means and process the time workers spend in lead-expore areas,
and work-practice controls. which will limit their potential total exposures.

Avoiding lead and substituting less-toxic materials * Substitution. Altering the process to producea
havebeen the primarymeans of reducing the potential less volatile form of lead can also be used as a
for lead exposure in bo•t occupational and environ- control mechanism. For example, instead of
mental settings. Examples already discussed include burning the paint off a metal part, chipping the

paint may reduce the exposure potential
"* the development and use of nonlead, durable

paints; Other controls include enclosing the processes to iso-
"* the replacement of lead plumbing, where nec- late the worker from exposure and eliminating the

essary; and need for human workers by using robots (as isdonein
"* the development and use of unleaded gasoline, some painting operations).

Fig. 12-I2 Cumbersome protective gear (indudinga respirator, hooded cheirdal-resistant suit,gloves, and boots),worn for
pronged eiods of time in sandblastng operations, imposes both physWoical and pychooical demands on the
worker. Excessive physiologkal demands often manifest as heat stressw The inability to tolerate the psychological demands
may manifest as anxiety or daustrophobia. Source: US Army, Anniston Army DeXot. Anniston, Ala.
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Often, wearing PPE (eg, respirator ;, gloves, or cov- * Beard growth and facial deformities can make
eralls) is the only reans of control aviilaible to work- a respirator ineffective by interfering with or
ers. Although PPEislesseffectivethan elimbating the not conforming to its face seal; therefore the
exposre or altering the process, protective clothing respirator will provide little or no protection.
and other devices are often used to control exposure * Cardiop-i.onary insufficiency or claustro-
because they are relatively low-cost The advantages phobia may not allow a worker to tolerate
of using PPE, therefore, are availability and thephysiologicalorpsychologicaldemandsof
affordability. The disadvantages, however, can be respirators or other heavy equipment (Figure
numerousand formiodie improper fit, poorly moti- 12-12).
vated users, and ongoing maintenance. N Th, protective equipment may even facilitate

Proper use of PPE implies that the workers are able unexpected exposures; for example, spouses
to use the equipment. Certain conditions are incom- have been exposed via lead brought homeon a
patible with wearing PPE, however. worker's protective dothin&g:°

SUMMARY

Lead is one of the mcst important raw materials exposur. When improperly performed, the process is
used in civilian and military industmy. In the military, associated with a significant degree of risk both to the
the highestikelihood of lkd exposure isinoperations abatement workers and to the occupants. Careful
associated with applying or removing paint, weld-mg attention to mirnizing exposure to the lead dust
and firing explosives orweapons. Lead hasnokncwn generated by the removal process accunts formuch of
biological function, but it affects virtually every organ the expense and tediun of deleading operations.
system and is toxic to many biochemical processes in The potential for environmentalexposures can also
thebody The blood lead levels at which health effects bemckified by (a) using unleaded paints, (b) removing
aremanifestmaybemuchtower thanweoncethought, or enclosing lead-based pFint. (c) replacing lead in

Although much about occupational and environ- plumbing systems, ane (d) neutralizing acidic water.
mental lead exposure is highly regulated, we must still Obviously, the most effective way to achieve environ-
carefully considersources of lead and the mechanisms mental control Is similar to that of achieving occupa-
of lead exposures to provide rational and effective tional c.itrol: remove the sources of lead.
control of lead as a hazard to human health. General Dekpite effons to control both occupational and
wo:kplacehygieneisimportant Indeaningworksites environmental exposures, lead toxicityremains a not-
with lead exposures, efforts must be taken to limit the unc.cnmon clinical condition. Toxic leels of lead can
amount of dust being blown or svw--t. Often, wetting be removed through the use of chelating agents when
an area to keep dust generation to a minimum is ne-essary however, because the chelating agents are.
recommended. The proces oi; lead abatment (strip- tbe-elves toxic, the decision to treat Sead o;-ning
ping lead-based paint from ,c-esslble surfaces) can be should notbe madelightly. Treatrment should be done
expensive and mius! be perfor-.ed propE:-. y to reduce only by experL-mced, knowledgeable physcians
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OcupatW Hea ilth The Soldeiand the Industrial Base

INTRODUCTION

A large segment of the Department of Defense volatile and pose significant inhalation hazards.
(DoD) industrpI woridorce, induding both civilian The or Iasolventsindudealiphaticandaromatic
and military peronl is employed in occupations hydrocarbons, chlorinated hydrocarbons, alcohols,
thatinvolvepotentaeToxp totxicenvui ment& ether esters, and ketonms. This textbook treats fluoro-
Organic solvents are a major source of exposure. A carxms separately from the other halogenated hydro-
solvtnt is a material, usually a liquid, that is capable of carbonstheyareused assolventsbuttheirnonsolvent
disovin antr substance. Solvents include highly uses as refrigerants, propellants and in fire-suppres-
polar substances-like water, as well as nonpolar or- sionsystmishavegreatermnlitatyandmedicalsigni-
ganic compounds. Because the vapor pressure of cance. Oil-based paints not only contain solvents that
water-based solvents is low, and therefore the poten- areused as diluents, they also contain rensvehicles,
tial for inhaling their vapors is also low, water-based and additives that are associated with a variety of
solventsarenotdiscussedinthischapter. Manyof the illnesses to which occupational health professionals
nopolar organic solvents, however, are l must rspnd.

SOLVENTS

The DoD is a major user of solvets. More than 25 In co&ddipping degreasing, the item to be cleaned
installations-including shpyards, air logistics cen- is simply dipped into a tankof solvent. These sol-
tess, army depots, and aviation repair and nainte- vents-from petroleum distillates to mixures that
nance faclits--each use over 27,5W0 gallons of sol- incdudealiphaticand aromatichydrocadrns, ketones
vent per Tear, and at least 120 installations use lesser cellosolves, and ceosote-teni to have lower volatil-
amounts. ity than throe used in vapor degreasers and therefore

In generAl. oc=uptional exposures tu solvents in the risks of inhalation are less for wokers. These
the uniformed and civnlian defense worlfcrce dupli- procedures are also typical at vehicle maintenance
catethosefoundincivilianindustry. Solventsarawued facilities, particularly for smaller parts.
as dry-clesning agents, chemical intermediates in Precision eeaners-generally fluorocarbons-ar
manufacturing, dryung compounds, genera-purpose also used in their liquid state, usualy in cold iWp4
deanerspaintthierandMenoversandinthemamu- or as Wrayed aerosols. They are generally used to
fxt.re of ateriel This chapter considers solvets as dea sensiive ectronic components. Large quant-
they are used in four military applications: vapor ties of sohvents are also used in paints and retdd
degreasers, c*kI-dqIp g cdeaners, precision deaners, products such as varnishes and lacquers, and paint
and solvents that are associated with paints. thinners, primers, and strippme Exposures occur

Invapordegr scntndcsinedeingdeas during m•dng, applying, or drying.
tanks is heated to the boiling point-which is low,
relative to watae-n the vapors form a cloud over General Toxcty
the surface. The items to be deaned are lowered into
the vapors, which then condense on the cold item and The potential health effects from exposue to sol-
dissohve its sutface oils and greasf. Te degreasing vents depend on a number of factors including the
taa-s anre usually fitted with a cooling wil near the top physical and chemical properties of the solvents, how
that condensft thevapor, izngthesolvent oes. the solvents are used, the way in which workers are
The omlvent that are commorly used in these opera- exposed, and the duration (acute or chronic) of the
tions lud, perchiorethylene, methyl chlonform exposure. In the industial setting, there are two
trichloroethylee, methylene c-Joride, and trichkbo- primary routes of exposume: inhalation of vapors or
ftorethane! Vapor degreasing is used by the army aermoilzed mists and dera lab-ptbon Theconcer-
foria number of industa operations iboudingdeen- tratim of sohvnt vapors in air is e9pessed In trule
ing erngies and other vehce parts in vehkk-ai per-hmcudsb(e-& putspermlllon). Coroetrations
nance lacilftie and degraning lrge-bore gun tubes an abo be exreswd as muilras per cubic meter,
after milling (Pues 13-1 amd 13-2). which is a weight per rofw mmsu Particulates
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Occupatknal Health. The Soldier and the Industrial Bse

suspended In air, such as dusts, are only expressed as in concentration between inpired air and the blood
weight per volume units. is the driving force that causes a solvent to enter

Acute exposures are isolated and of sl.ort diration theblood and bedistributed throughout thebody. Gas
(minutes to several hours). In the occupational setting, in the alveoli equilib•ates rapidly with blood in the
acute exposures usially occur when pipes or supply pulmonary capillaries. Blood solvent levels depend
lines are accidentally broken, spills occur, or workers on the solubility of the solvent vapors in blood. For
enter chemical storage tanks to clean or paint Acete very soluble solvents such as chloroform, very little
expour to most organic solvents cause central ner- remains in the alveolar gas for expiratioi. Soluble
vous system (CNS) depression and narcosis. Signs of compounds, however, require longer to equilibrate
toxicity include disorientation, euphoria, giddiness, withtheblood thanlow-soluble compounds becausea
and confusion, which are reversible in most cases greater amount of compound is required to reach
when the victim is removed from the toxic environ- equilibrium. An increasing ventilation rate will
meat. Withsufficientlyhighexposures, the signs may increase the delivery of solvent vapors to the lungs
progress to paralysis, convuLsions, unconscouse, and decrease the tme required for equilibration. Up-
anddeathduetorespiratoryorcardiovasculararrest 3  take of these solvent vapors is said to be venlatio
Air oreconcentrations of solvents sufficient to cause limited (ie, equilibraton is dependent on the rate and
acute toxic effects are typically in the range of 1,000 to depthofrespiration). In corrast, the vaporsof sodvnts
10,000 ppm, although these are compound specific withlowsoubitytakekssbtmetoequUlirewiththe

Chonic exposures to solvents are repeated, daily blood, andtherateisdeperdentonbloodflowthrough
exposures to low concentrations. Again, concettra- the lungs. Uptake of these subsbnoes is said to be
tons sufficient to cause chronic toxicity arecompound ftr fusio lrmtedas The solubility of a soivent the time
specific, but generally range from hundreds of parts necessary for it to reach equilibrium in the blood, and
per million to less than I. Dermatitis is a common theconcentrationolthesolventinthebloodatequilib-
result of prolonged or repeated dermal contact This is durn are (a) related through the sohbility coefficient
a result of the defatting of skin by the solvents, which CS) and (W) limited by ventilation, perfusion, and car-
causes dryness and fissuring of the skin. diac output (Table 13-I). The solabifity coefficient

The organic solvents are toxic to a number of organ represents the ratio of the concentration of a vapor or
systems. Well-defined CNS lesions have been de- gas in an aqueous medlum to the concentration in the
scribed for n-hexane and n-butyl ketone. There are gas phase.
also reports of nonspecific behavioral, intellectual
and psychological effects among workers exposed to SpectfiToxicity
mixed solvents: house and car painters and jet-fuel
handlers have reported impairment of visual pereep- Specific toxicological effects can be described for
tion, hand-eye coordination, and memory, as well as individual solvents (Table 13-2). However, in'most
abnormal results on psychological tests.4  industrial settings exposures will -be to complex

Many solventsarealso toxic to theblood, liverand mixturesm the chemical composition of these solvent
kidneys. In many instances, the specific toxicity re- mixtures will vary with the particullot of solvent
suits from biontrmatiov products of the parent sol- furisd by various suppliers in may cases. The
vent with the formation of reacti e mdtales? The onlyuaytobecertalnofthespecificsolventcomposi-
hepatotoxiceffects of carbon nde and akohol tion is toconsuit the Mtea SafetyData Sheet sup-
are thought to result from biotransfrmation prod- plebythemnufactrerfortheVeckotofsolvent
ucts; however, they have yet to be thorouagdy de- in ue..
scribed. Similarly, some blood d)scrsias produced
by benzene are believed to occur asa result of mrctive Alipka& Hyivabos
metabolites.

Tbe~he - ydocaronsinclude the4' Illate,
Respiralosy Uptake of Sofreab str~aight-cliin I -r-ffi L;(AaOk asadtheunsauralled

olefins almes). Comp=Wwswithha:rergfthsaf5
Among other physiological factors, the use and to 16 carbon atonwarmawally liquids, and thome

depth of pulmonary ventilationand thecardiacoutput emceeding 16 carbons ae usually solids. Most corn-
affert the respirtory uptake of solvents, and these poundsau*i.tcarbo-chainsexceedingeie nitsri
ultimately influence the toxic e ts. SoweAt uptake have low volabiy asd pose little in ation'threat.
inthiisthroughsimplediffuslon: the d• irence Typicalahatmichyocarisncludehexae.wShi
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TABLE 13-1

RESPIATORY MPAKE

EquilIbrto l~klood * Vysiologlca ParMete
hmc Time Equilibrium Limiting Uptake

MIAMoI 1,100-0 so ~ etai
Acetone 245,0
Methyl 202.0

ethyl ketonc
Benzene 7.8
Carbon 2.4

Ethylene 0.15 Fast LOW Perfusion

S, ~AimiY. h w&wk wofa.KmwGyKm ArnmTamJWConic 19S:35-M

is usedi: frequently as a solvent in adhesives an s tvsaederived hmtedistillation of petroleum.
6a 1irk=a"paitsad vrnihe~tme whic Th rim"An" or todardikesolvents include

is sedas&fue, carieforestciesanda ceanng varoL ineal piits an whtespirits. Although
solvntmsw~arda~ei~wu~cnbentbd thse bdues;difer n teirdistillation rang"s and

aivoethnlOdiferetatphaksadissed~aen peforanc chraceritic, teirtoxicological prop-
siey~asa degreasing agent ebsaesmlrSiddsovnscams dhe t)pica

Mkor. Co urcal hexane~sotnetimes called hex- hydrocarbon-solvent effects of CNS depiession from
au 1rcancnss of up to 100% n-hexane. Until hihinaluation exposures oWskin irritation from

the~mkI196Os. a-hexane was considered to be rela- denralepoqxures. In additlan~scattered reportsin the
thewynontoxic be-cau-e workers could be exposed to literature demonstrate that chronic exposures to
high concentrations of -vapor with no discomfort skkadsolvents cause myelotoxic -fg -Ids and liver
Halmsewmin 19", workers using products contairting twctýBoth the ACCIM ThV and OSH{A PEL for

nhasb~e mto -exhibit sensory and motor deficits. stoddard socvea is IOG ppm (525 mgfm3)?A
Excsw~e estimated to be 50D to 2,W0 ppm. Kemosm. Keroseneis a mixtur of petrolem hy-
M-ebuty~ eOANeMNK was shown to pro- drocarbons with ciabon chain lengths of 9to 16 units,

Ily- although its composition varies with the source of
Hexane is reedily-abowbed and has an affinity for crude oil and the refining miethods. Other common

i~atq~timuae Aw I a q ve research program in both names for kerosene hcdeastral oil, coal oil, and No.
aanimiausd hu amidestified 2,5-hexanedione as a I fuel oil. Typical constituents of kerosene incude

aiahn-hexaneand NINB1Kand mixtures of aliphatic, napifthenic, and aromatic by-
tbbeibelie ed to be responsible for the drocarbons. Regardlessofitsnarnandexactcompo-
I xzvmcity5 ZSTi odion was also shown to sition kerosene has a relatveiy low acute sysemic

proumsKAneuxopyinanima1S that was identical to toicity~althoughitisaggiiateifI we
t-GRiamdi buwkh by n-hexane and M WBK the liqui directl ener the trachea and lung or is

-MeAnuvinwCmoi, P of Gpovermnt Indus- ampirted from thet swtoach. Millliter quantities of
ftxmHygienisk(ACG ~IHtasreommmendedaThresh- kerosene can cause pneuew .iti%,uuami edemia,
nid~Iilt V~m-(T V) oF50 ppm (176 mg/rn3 ) for hmtorrhage, and necrosis. Othezcpetroleum-derie

_nlevelse 1-crotherhP.- srlents pose a similar threat. Dermal exposure to
.insareO0old higher! The current Occupa- keirosene has also been shown to wuseskini Wrttirn

tk=in' 9 an 613 t Administration (0%HA per- and inhalation exposures may! as bone marrow
minieu m vhmelt MPL fofim-s the ACGIH depmessontalthoughthelaterrsponsemaybedutto
~gId 50pfntcuea~d5J0 ppm fbrmixed cnabtionofthekerruswwltbenzene(discuseed

!J emawma late in this diaptew)YmV and FECVabueshave not
-. -~ Serkua'cwslvewntmx- been established for kerosene-
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TABLE 13-2

TommCIy OF REPRESENTATIVE SOLVENTS

Toxicity Target Orga or Efect of ULV Il
solvent Ratwg ChrmicToxicit WOEt (ppm)

n-Hexmn 2-1 neurotoxdctesticuluar trphy UE 50 50
Kerosene 3 pneumositisedena NE - -

VM&P naplitha 2 CNSdepresion. sdnirritation NE 100-
Stoddard solventI

Armatic Hykxarfvns
Benzene 3 CMS aplastic wmeaia, lekemia A 10 -

Tobsene 3 CMS depressant. derxnal irritant D 100 100
Cresol 2 cancer, dertal irritant C 5 -

Phenol 3 developtnental toxicity 0 5 -

xyleme 2 liver D 100 100

1,2..Diddoroethane 2 cirlaoryqsystm B2 200 100
Trkicloroethylene 3 lung, live 52 50 so
Carbon tetrachloride 3 liver 52 5 2

Pedloehyee3 liver, blood 12 50 25
Metiylene chloride -hangliver B2 50 -

Fluwororim
Dihooifluorotnethane I hng, live NE --

Trldilorofluoroethane 2-4
Trichlorotrifuoroethane I
Chloropentafluorceffane 2-1
Brolnochloro. I

difuoroawthane
Dibromterflorehane 2

Formaldehyde 3 irritant, mWnslUer B1 0.30 0Z7
Aceton 2-1 fiver, kidne cardziomt" D 200 200
Methyl ethyl ketone 3 CNS neusutoxim. ftowoxin D - -

Methyl n-hqtl ketone 2 CNS - --

Ethyleneglycol 2-1 liver, kEdney NE 50 s0
Propylenle glycol 2-1 kidney, blood NE - -

G")~ Ether
Ethylene gly"o 2 toxic enctphalopathy, NE 5 5

monoawtbyl ether bornewmarw deprumlo
Ethylene glycol 2 testicular strophy NE 5 5-ooty ethe

ofkmoioty ratiWagSxNJ. Diugerws roeita of lInduai mMhei&r fthed. New Yorke Van Nokmn Relahold 1964
týWeigh ofEIdence a quu~tivedauictldm of the posentlalfor:2. co -o- to pmduoe cance in humans(developed by the EPA)

A: Humans cadiogen Owed on suffickwt Wnomubmlo from #pdebomg stodes supor a causal telatlowhip)
81: Probable human carcinogen (based on sufiintIfocmhmatiom hum anMil studies and limite Inormation from human epideni-

M2 Probabe how-an carcingen (based an sfficiet Wnorabsý from sanma shudies but evidenc of cartinogeniity in hmamaiss

C Possile bms d carctin omesd on bmtdW inioormaom twor anima studies)
D- CianntbedamiLed
E- No evidence ot cardaqealcity in buamas
Ml Ciupmoud is mdapohg evaluafio 1wr aronogenidy

NE: Compoud has not bow evalukd for IftposrnIW hmm~ cacinogenidy
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Aromatic Hydrocarbos Halogmated Hydrocarbons

Aromatic hydrocarbons containing an unsaturated These solvents are ccmposed of carbon, hydrogen,
six carbon ring structure are used extensively and are and a halogen (usually chlorine or fluorine), and can
toxic to multiple organ systems. These solvents are be divided into the simple chilorohydrocarbons and
primary skin irritants, due to their defatting proper- thedilorofluorocarbons. Thesimplechlorohydrocarb-
ties, and their vapors are irritating to the mucous ons contain chlorine as the only halogen moiety and
membranes and airways. Systemically, aromatic hy- are excellent solvents for oi!s, fats, and other organic
drocarbons are CNS depressants, and several of these compounds. Simple dclorohydrocarbons are often
compounds have toxic actions on other target organs, used in both vapor and cold-dip degreasin& Theyare
Aromatic hydrocarbons are important in the produc- also used extensively in paint removers, solvents, and
tion of plastics and rubber products, and are used in thinners.
some paints' The mo•t common acute toxic effect of the simple

Betnz . Benzene is the most toxic member of this chlorohydrocarbons is CNS depression; high expo-
group. It is a common ingredient in paint and varnish sures may cause respiratory depression or circulatory
removers and paint thinners as well as a contaminant failure resulting in death. The vapors of the simple
of many of the petroleum-based solvents. In addition dlorohydrocarbons are not especially irritafting to the
to its CNS-depressmg actions, chronic exposure to upperairwaysbutrepeated sinexposesmaycause
benzene suppress the hematopoictic system. Acute dermatitis due to their defatting actions2
and chronic lymphocytic leukemias and aplastic The solvent methylene chloride (dichloromethane)
anemia (which has a mortality rate of 70% over a has auniquetoxicactionofwhlchoccupationalhealth
5-y period) have been associated with worker expo- professionals should be aware. This very volatile
suresYý91ptdemiological studies have also implicated chlorohydrocarbon is widely used in paints, painit
benzene as a cause of acute myekoe s lukemia. strippes, degreasing operations, and as an aeroso
The mech mand etiology of chronic lymphocytic prpellan In addition to the tyTical CNS depression,
leukemia and aplastic anemia hmve not been descrb• methyklne chloride has also been fOUnd to be rapidly
however, they appear to be initiated byan unkientified metabolized to carb•n monoxide. Short exposures to

abolite of benzene 3 Clinically, chrxoc benzene highlevelsofthissolventhavebeenshowntoproduoe
exposures have been associated with decreased num- carboxyhemoglobin levels over 10%. This could have
bersofcimulatinger)1hrocytesandleukoytes, con& a significant adverse health effect in workers with
tions which may be n early indication of benzene existing cardiovascular disease.'
toxicity 7The ACGUiTLV for benzene ,cu-evntly 10 With chronic exposures, many of the chlorinated
ppm; however, the ACCIH has proposed lowering hpydocrboarehelptotoxkccusingbothatt•fyfil-
this value to 0.1 ppm? The OSHLA. PEL for benzene tration and necrosis. Carbon terachloride, chdoro-
is ppI.' form, and 1,1.2-htcoroethae are also toxic to the

Alky &ze. The alkyl bnzenesindudeftl-uere kidneys,; however, the other chiorohydrocarbom do
(vtethylbenzene), the xyknes (oatho, meta, and para not share this effect.•' A n-mber of chlorinated solv-
isomers of dimethyl benzene), and the cresoks (mono- ents have been demonstrated to cause cancer in labo-
methyl phenols). Theeviderceftm•studiesdonewith ratory animals (see Table 13-2). Despite extensive
animals suggests that this group of solvents does not daUa from studies on animals that indicate poten-
have the hematopoietic toxicity that is characterstic ti carcinogenicity, however, evidence from epident-
of benzene. The acute and chronic effeb of toluene iologica studies on humans has been inconduive.
are CNS depressioa and dermal Tritatkan Mwhe xy- .ta on worker exposures to tNorethyie4 fluoro-
lenes ame also CN depressants; the most common carbons, and methylene chloride have all been reg-
symptoms reported from occupetlonal exposures tive."
am headache, fatigu.e, lassitude, iitbdi, and as- One further concern is the ptenial toxicity of the
toinena disturbancs' Cresol is a s"og dermal thermal decomposition products of halogenated hy-
irritant with systemic effects cn the kidneys and drocarbom At high temperatures, the chlorohydro-
liver;, its toxicity is similar to that of phenoL For carbon decompoe to hydroges chlode and phc-
work-pla-e exposures to toluene and xylene, the gene. Toxic levels of these hazardous bases can be
ACGIH TLVs and CSH PELs are 1O00 ppm; for cresol, produced during welding operations in atmcapheres
both values are 5 plm.' of chlorminated hydroarbon solvents.'
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The chlomfluorcarbons contain both chlorineand associated with ethylene glycol is metabolic acidosis,
fluorine as the halogen moiety and are used exten- which is caused by its metabolite glycolic acid. Cal-
sively in the military as precision cleaners for elec- ciumoxalateanothermetabolicbyproductofethylene
tronic components and in vaprr degreasing. Their glycol, tends to accumulate in the proximal renal tu-
nontsolventusareds n satnscapter, bules and causes necrosm and functional changes in

the kidne
Athkydes and Xtows The glycol ethers include ethylene glycol mono-

methlyl ether (EM), ethylene glycol monoethyl ether
Although aldehydes and ketones are grouped to- (EE),adthu ylene series of glycol ethers. While

gether based on their chmical structures, they am they me not scoly toxic when ingested or inhaled,
used for distinctly different purposes. The mootcn- they ve-a ,ammepqroductive toxidcity: testicular
mon aldehyde, formaldehyde, is used in adbesiws, atrophy artdlhematological effects were found when
industrial coatings, and in the production, of certon animals wee'e.inered -EM and EE by various
dyes. The ketones are widely used as solvents. rtes. I heprpyknesPe1sof glycol ethers does not

Aldehydes and ketones also have somewhat diff,- appearto ain of 1 aive effects.
ent toxicological effects. Formaldehyde is a pobet Duejo theý eff•Mes;ACGH recently low-
skin and eye irritant and a well-known sensitizer ered theTLV for E Iaed Ifcu'rent recommenda-
Allergic responses arecommonly seeninpersonswho tions aze5 ppm! TeM SHA FELs for these solvents
come in contact with forialdebyde. Studies with are ahappa!
animals also show that inhalation of 15 ppm of form-
aldehyde produces carcinomas in the nasai cavities of Eip .swC•
rats.! Thecommon ketones includingacetone.imethyl
ethyl ketone (MEK), and methyl isopropyl ketone Twooftheomy•y uedinvapordegreasing
(MPIO are also irritants to theeyes and mucousmem- operatiomare rr Iersand local exhaust ventila-
branes At high concentrations, ketones are CNS de- toes, alt&mgh ahw cmmls may be designed for
pressants. MNBKis unimelyneurotoxias was dis- ofrp a es oilvents. Properly de-
cwsed previously. signed vapwdegn,. u=ftm-equipped with con-

The potential health effects that datimigne the dessers tTastirrmaMemek,.which minimize the
aldehydes from the ketones are alo *rktionefor esca.poe ,,so.vamth ntedPuinvironinent
the differences in theirpxouare lih s. The ACCG of tkworqpxaceAU.Ekmuitsshouldbeequipped
TLV for fornadehydei I I,, bwt ftis vaemay be wtithu• o c.u-_ n- , -- -nted above the normal
reduced to 0.3 ppmon O•HA has establisWe a PELof rapwleve. wbkh wK*toff the heat source if the
I ppm, witha2ppm /ingrwiuc,aad.sakonsid-kr- •-m ---sabove-hecim-ings•-face, Localexhaust
inga reduci(a ibng vabxl ex eIetie venglaim coiMw &,-necessary depending on
cannot be exceeded at ay time dumi.n, r . .. . with thesecontrolsope
workday). Both the ACG•HTLV and OSHAý ELamr f[i eti•g•ents, and welding opera-
5ppm for MNBK and 2W PpeirM&Kid tNPK'j2' tiams 1 erblocaktxaW~ r a dreas&

Vapordemsalm"o akeperiodic clearig to
Gly3 amd G ol removeAtheskdgeandmetal chips that have accumiu-

lated at thebottom c-tanks. This requires that the
Glycolmsand glyc eds boththerdegre solvent be di&led off'until the heating surfce is

and their mecharms of I -day..ihough they ae moly exposed. The unLis then allowed to cool, and
usuly grouped oet!" v afetheirchenmiml the-sludge and remnining solvent are drained off.
structures. Thetwo•xeaW 1o're~y. Glycrt, Personnel whoentera degreasing tank toperfomn this
are used.-onw', n~yas~iuI sot,,•nf--r~ - operation should wear respiratory protective equip-
Jose and cellulkme aceuk -w---iofpbw- ment and a lifeline that is held by an aatendant?
maceuticals, The g7ycoI bm ai v exein y y The expomre controls for cold-dip degreadng and
solvents forl-e and inks, precision cleaning operations are much less extensive.

Glycolshhvelow--"-pue 1addbutpresenr Lids should be provided for the dip anks to minimize
a signi:•anefit at ud a *eWare heated evaporatonof the solvent. Personal protectiveequip-
craerosolized. Howevereyleysecalias greater ment (PWM such as a faceshield and gloves must be
oral 1oxicity inhucan tlh•umaennmsom trated in worn to prevent the solvent from coming in contact
other. mamalian spcim Thgimawy toxic action with the skin =n: eyes
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FLUOROCARBONS

The first fluorocarbon, carbon tetrafluoride, was The fluorocarbons are similar in composition to the
isolated in 1926." Although no such compound occurs chlorinated hydrocarbons, with the addition of a fluo-
in nature, numeuns additional fluorocarbons have rinemoiety. Numerus possible moiety combinations
been synthesized in substantial quantities since the of carbon with hydrogen, fluorine, bromine, and chlo-
1940s. Coi~mercial interest in fluorocarbons centered rine have been prepared with the aliphatic hydrocar-
around their chemical and thermal stability and led to bon series. The fluorocarbons are usually clear, color-
theirextensiveuseasaerosolpropellants, refrigerants, less, highly volatile liquids with a mild, somewhat
plastic foaming agents, heat-exchange agents, and sol- ethereal odor. They are nonflammable, have high
vents; as propellants for therapeutic agents and density, low viscosity, low surface tension, low toxic-
antiasthmaticdrugs;and asgeneral anesthetics. Bythe ity, and are very stable.
mid-1970s, production of these chemicals--originally Fluorocarbons do not react with most metals at
considered to be inert refrigerants--had exceeded 2 temperatures below 2000C, or with most acids or oxi-
billion pounds, most of which was released eventually dizingagents. However, underunusualcircumstances,
into the environnent.' they can be made to react with highly reactive metalsk

Fluorocarbons can be divided into the fully haloge- for example, tricdorofluoromethane (CFC-1) reacts
nated (nonhydrogenated) and the hydrogenated spe- with concentrated sulfuric add and sulfur trioxide at

mes. A further subdivision of these two groups-into room temperature.
the chlorinated and nonchlorinated species--is neces- With few exceptions, the fluorocarbons are rela-
sary to understand the significance that these chemical tively inert to chemical reactions on earth and in the
structures have in the current depletion of the earth's lower atmosphere. When compared to other haloge-
ozone laver (Table 13-3). This process involves the nated compounds, the hydrolysis rates for the fluoro-
nonhydrogenated fluorocarbons, which are the more carbons are quite low, although there is considerable
stable and therefore have the greater probability of variation within the group. At atmospheric pressure,
reaching the ozone layer. Of the nonhydrogenated therateofhydrolysisistoolowtobemeasuredbymost
species, the chlorinated fluorocarbons are postulated analytical methods. This low rate of hydrolysis pee-
to be the most detrimentaL vents the fluorocarbons from degrading in the tropo-

sphere. 3 However itistheir inherent stability-which
allnws them to migrate, intact, as high as the strato-
sphere-that is the source of concern surrounding the
depletion of the ozone layer. Through photodegrada-

TASLE 13-3 tion and free-radical reactions, chlorofluorocarbons
provide a large reservoir of free chlorine atoms, which

REPRESENTATIVE FLUOROCARBONS then catalyze the destruction u. ozone.

Type Foroul 02 1 c

NonhydrogenaWe
chlorinated

Dkidlorodilfhoromethant C02F2
Trichlorofluorovmtham CO 3F

Nonetonnated 0 00
Octafluoocydobutone C4FA
DibT ýte orh ane C BFr2 It is postulated that thisisa chain reaction;itallows one

chlorine atom to continue to react, thus destroyingHloronated thousandsof moleculesof ozone. Muchoftheresarch
Odorinald

Chorodifl th CHCIF2  done on this problem is, of necessity. theoretical; fur-
Chioodifluoroethane CH3-CCrF. thermore,thew€tlont hatfreechlorinefromtnatu-

Nondorinated ral sources might make to this process is neither well
Dfluorometa CH2F2  documented nor well understood. However, suffi-
Trifluoroethame CH2CF3  cent data exist for the international scientific commu-

Mnty to call for a ban on the rek-e of chlorofluorocar-
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bons into the environment. The nonchlorinated fluo- TABL3. -3-4
rocarbons are more stable, are not sources of free C HALONS AFFECI BY THE DoD
chlorine, and are therefore not of such environmental DIRECTIVE AS OF AUGUST1968
concern.

Current Status of Ozone-Depleting Substances Ozone
DEpleer Formula Chi,,ical Name

The Montreal Protocol, an international agreement Cic-u CCi3F Trichlorofluoromethane
to limit the release and production of ozone-dejleting CFC-12 Wg2  D
substances, was signed in September 872 This CFC.113 CA2  Tridorotrifluoroethane
agreement, ratified by the US. Senate, became effec- CFC-114 C2C12F TichDorotrfluoroehane
tive in January 1989; it stringently restricts the interna- CFCI-115 C2ClF54 Chropentafluoroetlane
tional production and use of chlorofluorocarbon and 12-1 C 5 IFs odo rodtfluo
halons (a trademarked name for several tetrafluoro- Haim 1211 CBrCIF2  Bromodi fluoromethane
ethylene polymers) (Exhibit 13-1). A DoD Directive Ham 1301e CBA 3  Bromoteiuoromethane
(DoDI) issued on 13 Febuary 1989 darifled the army's Halon24O2* C2BrF 4  Dibroo rh
position concerning specific chorofluoocarbons and
halons (Table 13-4).' This directive affects all DoD "Reviste• 'atew o1MAllie ChellicalCompCFlo sn.
components, establishes policy, and assigns the re- HW•.Washingon,C M 1%9. Do. Directive 650.9.sponsi$bity for

"• managing the production of chlorofluorocar- • identifying a long-term process to decrease the
bons and halons, DoD's dependence on chlorofloocaibons and

"* identifying chlorefluorocarbon and halon ap- halons,
plications and prioritizing their uses, * developing research and development pro-

g-rams to produce or evaluate suitable substi-
tutes for chiorofluorocarbons and halons, and

* designing a traddng system to document the
DoD's annual requirements for chlorofluoro-

EXHIBIT 13-1 carbons and halons.
CMC AND HALON RFSMCTI0NS OF THE Both the Montreal Protocol and the DoDI will sub-
MONTREAL PROTOCOL Year of stantially affect the use of chlorofluorocarbons and

Restriction Accomplidsment halons in the near future. The phased-in restrictions
should result in a reduction of CFs by over 60%, as

Freezng of CC consumption 1989 measured from 1989 consumption levels.
at 1986 levels* The effects of compliance will beat least these two:

Freezing of halon consumption 1992 (1) the use of present compoundswillbe curtailed, and
at 196 levels (2) replacement chemkIs will enter the loD'ssupply

Further reduce CFC consumption 1993 channels. Unfortunately, replacement chemicals have
by ÷ 2not yet been designated and therefore cannot be dis-

Furdr reduce CFC consumption 1998 cussed in this chapter, but the search for replacementby 3r c chemicals will obviously center around the hydroge-

nated nonchlorinated compounds.
Repreents an initial reduction ofpproximately 15% Themandated phaseout of the chlorofluorocarbonst~dcdfrom 2966 level

edwucetl fro,.. 198 Le and halons has generated tremendous interest in de-
Source. Treat" Document 100-10. Deember 21, 1%'. veloping replacement chemicals. However, current
Mma1mPoWo of S,•,ksms Te Dqe the w ne tqm', researchappears to be driven moreby the need to find
Done at Moi~rcal on September 16, 1987, to the Vienna and produce chemicals that arm environmentally safe
Conventonforthewthei teOone Layer. Ratfd rather than physiologically nontoxic. Occupational
by the US Senate March 14, 19W A copy of the treatydoc'ument may be obtined front the L•vw of Corqpmn, heflth prkdnl iay soon fin~d timele coh -
Wasiengt my te. ing new replacement chemicals that are accompanied

Sby little or no medical or toxicological information.
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Civilian and Industrial Exposures effects of Halon 1301 itself, or the toxic effects of the
decomposition products of Halon 1301:

The fluorocarbxns and halons are used as refriger-

ants, polymer intermediates, propellants, anesthetics, The discharge of four 7-pound (net weight) bottles of
fireextinguishers, foam-blowing agents, dry-cleaning Haloi 1301 into the dosed, unventilated M60A3 crew
agents, and as degreasing solvents in the electronics coMpart ent (estimated volume 12.7 m) would be

industry. Workers who produce and package fluoro- expedd to initially depress the oxyge concentra-

carbons are at highest risk of exposur to high conn lion in the crew compartment to an average value of
trations of & chemicals, bu t17-5 percent This figure is based on the assumption

that the discharged Halon displaces crew-compart-
also occur when fluorocarbons are used as solvents or ment air with nearly 100 percent efficiency
cleaners. Beca-sefluorocaronsdisperserapidlywhen .... Minimum oxygen concentrations at various
released, only minimal exposure appears to occur Iocations...rangefromabout 13percentto•9percent,
from their use as refrigerants and propellants. How- with the lowest concentrations occurring near floor
ever, recent uses of fire extinguishers to protect comm- level. Exposure to oxygen concentrations in the 13 to
purer and electronic areas have created the potential 16 percent rau can cause increased breathin and

for short-term, high-concentration exposures when pulse rate, and slight impairment of concentration
large volumes of the material are released in confined and muscuar coordination.

spaces. Chronic occupational expostre to hospital
operating-room peronnel from the use of anesthetic 17he toxic] effects of exposure to Halon 1301 concer-
ases. is also snificant. tations In the 7 to 20 percent range ae varying

degre of cera nervous systmT depso Expo-
surestn the~to lOperomnt ranecause mikld etht

Militarily Unique Expommres bwxt g d ize and tinln of the e-
tremitdes. Exposures t concentrations above 10 per-

In addition to the civilian and industrial uses al- cent are usually accompanied by pronounced dizzi-
ready discussed, fluorocarbon use in the military in- ness, and reduced physical dexterty and m ta
dudes specialized appitions such as the useof CFC- acuity.
114 for submarine refigeration to eliminate vibration ":"
that might lead to detection by the enemy. Halor, 1211 Halo 130 decomposes upon eqs to flame The
and Halon 1301 are used to suppress fires in the crew d pi products (hydro fluaorde hydro-
con of tactical vehiles, airca shipboard are sevenr irritatng (even at low onentatiou) to

systems, and in command, control, and conmunica- are se~ye ian (evn y trlow....enratow to

tion centers (see Chapter 6. Health Hazard Assess- occutee of any crew-compry tment fire during

mets). Si munts of these materials are traii necessitates immediate evacuation of the
used by DoD workers. Based on 1966 production N46oIP"•-
figures,theDoDfproc d just under35% oftheUnited
States's total production of Halonl2ll,approximately It is therisk of exposure to thedmp t prod-
6% of Halon 1301, and just under 5% of the total uctsofhalonflre-extingis.hngagentswithinendosed
production of the regulated dhrofluorocarbos." spaces that is the immediate hazard to the crew (Table

Fluorocarbons, as they are used insubmarinesand 13-5). Tese decomposition products are allsinifi-
other tactical vehicles, expose military personnel to cantly more toxic than their parent compounds, even
hardoussituationsnot usually encountered bycivil- at low coentrations, they are severely iritating to
Ians specialized weapons systems are ued in essen- the eyes and respiratory trac As the intensity of the
tially dosed environments Military persormel are not fire increses, the concentration of the toxic byprod-
always able to simply leave a contaminated environ- ucts also hureasse in enclosed spaces, halon decont-
ment; their duties may oblige tdem to stay and man positio prodixts can reach extrmey toxic cotcen-
their equipment thereby exposing them to higher tratioru.
concentrtmatio for longer times than maybe typical In
the civilian commuty. Fharmac E c

For example, the crew of an M60A3 tank can be
exposed to Halon 1301 if the Unk's automatic fire Although they ae relatively nontoxi mnerous
exinguishing system is activated during a system fluorocarboninjurieshaveoccurred. Thebanonfluo-
nmaunction, or an actual fir In either situatin, the rocarbon propellant use has already substantially re-
crew could be exposed to oxygen deficency, the toxic duced human exposure, but the consumer Product
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TABLE 13-5 other sensitization reactions, the myocardial senitiza-

EXPOSURE LIMITS FOR COMBUSTION AND tion is a transient occurrence that quickly and corn-
DECOMPOSITION PRODUCTS OF pletely disappears if the affected individual is re-
COMMON HALONS moved from contact with the chemkaL

Similar and equally serious consequences resulted
E........from the use of pressurized bronchodilator aerosols.
SThe original bronchodilators were mixtures of theProduct imitt (ppm) Type of Limit

sympathomineic drugs epinephrine and isoprv-
HlBr 3.0 Cening ternol, which were aerosolized by both trichloro-
HO 5.0 Ceiling fluoronethane(CFC-I1)anddkhkorodifluoroewthn
HF 3.0 Ceiling (CFC-12). During the few years that these broncho-
Br2  0.3STEI. dilators were used, physicians began to document a
a2  1.0 STEL high incidence of bronchospasm and death. By 1968,
F2  2.0 STEL sufficient evidence had accumulated to ban the over-
COBr.(Carbonyl bromide) 0.0 - -o softhee zC002Z(Flhosgene) 0.1 8-HourCOF2 (Caronyl fluoride) 5.0 STEL As a group, the fluorocarbons have a low lipid
______________fluoride)_5.0__ 

_ solubiiityand are poorlyabsorbedintheluhm Oncein

*All s hmft nK a brW a W by'the bloodstream they are apparently not metabolized
ACG•H and are slowl~yexcrete o thr cthe unged,

tCedwV the vahebove which cncentrajo us ntoever me via expired air.
trEL sho term expmw limit
5No value estblished (phsnem value asmed) cboxi ~vowe
Source USDep ate oftheArmy. Hadthl-aIWd E~wiwamon ad
Test Smqywxt of Owv SpYWu St udy ef Hdlo tnv ExtswlanskmX Apfts
WaSMnton, DQ DA, 1s9. TECOM ntec I, VC-4S60-153. Because fluoocarbons are rapidly disseminated in

the enviroment, chronic exposures are limited to
relatively few occupations. Workers who manufac-

Safety Commission records for 1975 (prior to any tureandpackagethesechemcals, ronicsworkers
propellant restrictions) show that 5,700 aerosol-re- who use them as cleaning solvents on printed circuit
fated injuriesweretreatedimhosplenegency rooms. boards, refigeration mecharus, and hospital operat-
These injuries resulted from spraying (66%), inhala- ing-room personnel appearto have the highestexpo-
tion and ingestion (12%), fragmentingof the container surepotential. Federal workplaexposurestandards
(10%), and cold (3%); tWe causes of 8% were unspeci- have been promulgated for most of the commercially
fled (the published data were not rounded to 100%)." important fluorocarbons and range from 100 to LO000

ppm for the entire seriesY
Acut Eqosws Current epidemiological data indicate that no sig-

nificant hazardsare involved with dfi ncexposure to
Fluorocarbons as a class have very low toxicity and most fluorocabons at low conentratios Their rapid

the predominant hazard they pose is from simple dissemination limits the psb of high expsure
asphyxiation. Early in the histy of fluorocarbon use, concentrations in most applications. Somefluoro-and
deaths associated with exposure were usually attrib- ofluorocarbors are used as anesthetic ses; this
utedtoasphyxia,butsufficientdatawereacmudated appears to be the most prevalent route of crnmic
during t*e late 1960s and early 19Os to associate exposure to dioouraron (see also ChapterS,
mortality with abuse of these products. In particular, HelthHazadstothcarmWorkers). ehdUIn
deaths due to propellant "sniffing' warranted closer and processing of waste anesthetic San (as wetl as
scrutuiy. The pomability of fluorocarbon toxicity and their intended use) cause the potential for 4aily expo-
abuse was raised in 1970 when the deaths of more than sum to operating room po n Epidemoocal
100 youths who had died while sniffing various aero- studis ofnumanesthetisad otherfemalehospllsol products wereinvestlpted."Other research led to peonn have Idcated a c ti between expo-
sklilarf•ndigs;these dearlydocumented that fluoro- sure to anesthetic ses and the occurrence of cancers
carbon sensitize the myocadium to sympathoami and spontaneous; aborions in the study population,
metic drugs, which can lead to severe cardiac and congenital anomalies in their infants. Based on
arrhthnmia and death on subsequent exposure. Fur- these findwqps the National Institute for Sety wad
ther experimental and epide viological data tend to HeflthKNIOD recommenided severely lowering the
corroborate tl•e unusual finding that, unlike most octpational standard for anetetg•asmto 5ppm.P
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A researcher who performed an extensive mutage- transitory subzero temperatures can be produced
nicity study on a series of 21 different chlorofluorocar- near the discharge nozzles and cause medically sig-
bonswcndedthat theya notbioogicallyinert: the nificant cold injury to crew members who are dose
series contains bacterial mutagens, cell-trasorming to the discdaae. The Health Hazard Assessment of
agents, and rodent carigens. For this series of the M60A3 tank found that
compounds at least, prokaryotic mutation does not
accurately predict arcinogeni p*metiaL During gunnery training and M60A3 motion, crew

Long-term carcinogenicity bioassays have been mnebers arelikely to beat their nonmal stations and
completed in rats and mice for the three mapr chlo- are requir by UWS Army hearing conservationroflom~bon: tk~k'of • (I•-I),di- pofcy ... towenr thewinprtectivedevicest. At these
I uluormcabom- trkdhlorfluoromethane (CC-1 1), di- the ~ C~ iplenseevscause yheS
c ot hanme (CKC-12), and • poi, the s ne leves ced by [the

-hran for autnm a ingu systeml activatiorangertonethane (CC-22). These inhalation studies ranup to 161 dBP at over 200 millisecond B-duration.
104 weeksin ratsand 78 weeksin mace. All threeofthese Such leves exceed the 140 dBP bad criterion but
checicals failed to demonstrate any carciogenidty' am within he allowable exosi range for person-

nel wafr [en4 polectivedevicesl. Activation
Physical Effeds of the [automatic fire etnuhing system) at such

time would not i Fase protected personnel to laz-
Exposure to fluorocarbons such as Halon 1301 can ardousi noise. U pesmel are not weaing

cause both traumatic auditory damage and cold in- t Protective evcesl and the l htt ear- fe
jury. Military vehuies am frqetly equipped with Vt &%ysebw ivatedt istesm

automatic firesuppresion systems that Contain fluo- ly for a once in a lifitne e
,ocarbons stored under very high prsures VW0 psi).
These systems rapidly trigger when they sense a fire Trepidhe7poARpdHalon1301bte
and quickly flood the vehicle. The extremely high his fthe Tlf I- im i the dlsd0ttge
storage pressures and shor response times required stam....Slubmse mperatures would be expected
of the system cause noise levels to be exceptionally on skin suffaces for very short durations....Cold
high: impulse noise levels greater than 160 dBP have hnuies ...havebeen documente with [the automatic
been measured with these systems, a lever sufficient fire xtigulshin system! in...vehldes loner tht the
to cause permanent auditory damage. Furthermore, M6Wl during accidentW Halc disdw ..2"f

Paints are widely used in industry and the military x resins inreactivediluents. Thesearemixed with
for aesthetic purposes and also to produce a surface curing agents to create tough inert surface coatfis.
coating for protection against weat Workers Generallythecomponentsarenotvolatileandarenot
canbeexposed diring application of the paint, during an inhalation hazard.'
drying and curing as a result of solvent evaporation. Solvent-bedpaitsgeneany cmsist ofdth com-
and during paint-inding or -stripping operations poments a vehicle, fillers, and additives rable 13-6).
For this discussio the term pin refers to a range of The rduck, which includes a binder dissolvhd in the
solvent-4ed products hinudig conventional and sovent, makes up the liquid portion of the paint and
epoxy paints, varnishes, enames and lacquers. Con- allows it tobe thinned to a cosistec sitable for the
ventional paints consist 4 a pigment dispersed in a chosen method of application. T1he biner, either a
vehckle. Varnishes am usally a nonpigmented resin naturally occuring oil or resin ora synthetic mate
that is dissolved in a solvent They dry by solvent cementsthepnt flmto thesubsratesFiers Indude
evaporation and the oxidation and polymerzation of p*nwetatocolor the coating and extenders tocontrl
thebinder. Most camel paints are lievarnhhes,but glss, textur and viscosdy. P"ents e usually
with a p*mert added. Lacquers am dw or pi finelypwdm d, iMnoluesdsthatredisp edin
mented flnshes, usually brased on a cellulose ester in a the liquid medium. Inadditiontoprovidingcoolorad
solvent, and cure throgh ;vent aporatlon2s A opacity to the finish, s e pigmentalsoact toinhibit
number of waterbased paints mad enamels re also corrosion. Addiives lndudeaWnt that promote dry-
availaleW but because thtese coatings do not pose a ing, inhibit mildew growth, and pmlven the pigment
sinificant inhalation hazard, they will not be dis- krm settling and the paint Wim from. sagging Al-
cumdfurtherinthischapter. Epoxy paints c sof though a variety of addiies ar used in fm ung
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TABLE 13-6

COMPOSITION OF PAINT

Vehicles Function Filer Function Mddltime Functio

Salvnt Adust viscosity Pigiuens Provide color, Driers Speed drying

Xylene (thintners) Titanium diioxfdd Bkcils Preven growth
Toluene Miodeof molds and

Bezeeronoxides -ip
Naphthas Lead FkfteningAgents Reduce luste
Perdilorethylene chromium-imasirt Cadmium
Methyl ethyl ketone Aluminum
Methyl isobutyl ketone Bronze
Ethyl acetate Carbon black
Tridalorethylene Lamp black
Dutyl alcohol J:f uidbd

WakobolTalc
Cyclohxanbl thun carbonate

"myin Fr lmswlca
Alkyd Benktoit
Phenoli

vinyl
Amino
Cetllolse

SourorDwft s WA. Recogm f IHmUl Ham* w an isdsti A Re wclMutnsiels NawdF'xess New YOrk Joh Wiley & SOM 1IM.

paints, tae gmeneally compose only a small pret- symphs indude~hwdache~,fatigueýdifficulty in con-
age of the paint. centrating, deficits in sho-tsm, memory, irrtabliy,-erssm and alcohol intolerance O'hese symp-
TOXIcCContituents toms have also been rpote by workersinthe plastic

boat industry and among jet-fuel handlers). In Xer-
The toxic consftitets of paints are contained in th eral, as the severity of the solvent-related effect in-

sovets pgmnt~etedesadrsls.Dermalwad crasereversbilty becmes sslikely.'The sovent-
ocuarapsresandbatloncanoccurwhflepeint related neurasthenia was first descried in the
are being mixe or applied; the route and degre of Scandinavian literatur during the late 19705, but is
exposure depend to some extent on the method of stilllnotuniversallyrempgized. Asecentshtuevalu-
application During roller or bfush palntln& solven ated workers in two pain-mnufahcturing plants in
vapors can be inhaled as these constituents volatilize the United States but fWled to docment these spe-
trim the freshl painted surface. Spray paintinmg, cific symptoms; of toxicity.3O This study evaluiated
however, poses a umud graster respiratory hazard 187 wores u~singtreemstandrdized psychologica/
because both the liquid a=d solid constitets are neurolgica as11e1s1ment battereies Exposure dura-
aerooolized. dlorts ranged from 6 to 36 years and concentation

Chronic exposure to the mixed solvents that are wereb wtheTLVsorPELs. NoslgWfcantassodia-
found in paints can also cause a neurastheia that is dons were found between Solvent exposure and test
sometimes referre to as mtds syudrwm. Toxic scores.O
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Solvents has not seta EL orthissubstanm No exposure limits
have been set for lamp black!

Paints can contain solvents from virtually every Iron Oxds Iron oxides, found in red and brown
chemical class and toxicity level (described previously inorgan pigments, have low dermal and oral toxicity.
inthischapter). Because manyare highly toxic, such as Workers in the metal orpigment industrieswho inhale
benzene, and potentially carcinogenic, such as the iron oxide dust or fnnes may develop a mild form of
halogenated hydrocarbons, attempts have been made pneumoroniosis. Because the causal agent is iron, this
in recent years to reduce the use of tdese toxic solvents condition is more specifically termed a siderosis, and
in paints by substituting less-toxic solvents.) How- apparently does not become fibrotic. Th ACGIH
ever, the workplace hazard remains significant be- TLV for iron oxide is 5 rag/m3; the OSHA PEL is 10
cause workers continue to encounter thee agents in mg/m 3.'
olderformulations,orasconstituentsofcurnentpaints. C hm Chromates, used extensively in yellow

and orangepigutscan act as sensitizers. Chromate
Ihovanlc Pigme nts dermatitishasbeenreported inworkesmina numberof

industries. Exposures to chomium in the chrome-
Pigments provide paint with opacity, color, dura- production and -pigment industries have been associ-

bility, and film hardness. They typically constitute ated with an increased incidence of respiratory can-
20% to 60% of a paint by weight, and are composed of cem 32

finely divided inorganic solis.' Chromium exists in oxidation states ranging from
Tifawum Dixwid. Titanium dioxide is a white divalent to hexavalent; the trivalent state is the most

pigment that has virtually replaced the older lead- common form fcund in nature. The carcinogenic
based whitepigments. (t is also used in foAd products activity associated with exposure to chromium has
and cosmeticsas a whitening agenL) Titanium dioxide been attributed to the hexnvalentform. 1 emiologi-
is generally thought tobe physiologically inett? Other cal studies suggest that the acid-solubl water-in-
white pigments include calcium carbonate, barium soluble hexavalent chromium is produced in refining
sulfate, and aluminum silicate Historickaly, these operation, This form isalsocorrosiveand reportedly
pigments have been considered physiologically inert, can cause chronic ulceration and perforation of the
and they have a low order of toxicity. Recently, how- nasal septum. In contrask trivalent chromium is nei-
ever, concerns have been raised overpurnona•y•akeo- ther irritating nor corrosive!
krr proteinosis, a physical condition thought to result The ACGIH recommends a TLV of 0.5 mg/rn 3 for
fromexposuretoparti-ulates. Theconditionhasbeen chromium metal, di- and trivalent chromium and
reported among workers exposed to several particu- water-soluble hexavalent chromium compounds.
lates including the iert dusts. Other studies suggest Water-insoluble hexavalent chromium is a known
that these may, in h4 be biologically active, and human carcinogen and has a TLV of 0.05 mg/m3.
NIOSH has reported data suggesting that titanium OSHA has a PEL of 0.1 mg/m 3 as a ceiling value for
dioxide is a potential occupational carcinogen.' Cr0y

TheACGIHTLVfor these white pigmentsis lOmg/
in 3. OSIA PE~sare10 mg/rni3 forburiumsulfte and Oigaor~nicgexts
titanium dioxide, and 15m g/r 3 for calcium carbon-
ate. OSHA also set a PEL of 5 mg/m 3 as a respirable In addition to the inorganic pigments, there are
dust forafl three pigments.7' hundreds ofoqoank pigments used inthe paint indus-

Crban Black and LA*Vm s&. Carbon black, try. However, data on the toxicity of most organic
producedduringtheoincomplet combustionofpetro- pigme0s are limited: in most cases, the only data
leumgas,andlampblack,produceddurtngthei='n-o consist of acute oral LDso values ror rodents. The
plete combustion of oil, are the most common black human toxicology of chronic exposures to most or-
pigment:used in paints. Incomplete combustion may ganc pigments remans largely unliown
produce a variety of polynudear aromatic hydrocar-
bons (PAls), which are likely to contaminate these Extmni
black pigments. A number of the PAMs have been
found tobeboth mutagenic, when tested in in vitrotest A number of minerals such as sil , silicate days,
systems, and carcinogenic in animal bioassays. No mica,andtaklaeusedasextenderswhlichacttobuild
excess tumor incidence has been found In epidemio- body in paint formulations. While the to4cological
logical studies of carbon black workers, however e ts of pigments depend on the specific type of
TheACG•iH .Vforcarbonblxck13.5 mgl 3,OSHA pigment, , extenders have the potential to produce
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fibrosis of the lung. Limited epidemiological data nent epoxy coatings. These bstak-esarealsopoter-
suggest that a mixed-dust preumoconiosis is preva- tial sensitizers and irritants.m'
lent among painters, which might be due, in part, to Because they are not volatile compounds, there are
exposure to extender materials. no TLVs or PELs. Operations such as grinding and

sandingcan produce nuisa dusts, hcwever,and the
Resins TLVs for the individual components are then relevant.

Polpwretane Resi-is. Polyurethane resins are
Resins are polymers. As a group they include the formed by polymerization of an isocyarate such as

alkyd, acrylate and methacrylate, vinyl, cellulose, ep- toluene diisocyanate ([DO. Uncured polyurethane
oxy, and polyurethane resins. They havelowvolatility resins contain snall quantities of unreacted mono-
and are generlly soluble in organic solvents and in- mea and these monomers can cause health problems
soluble in water. In paints and varnishes, resins pro- in exposed workers. Isocyanates can cause severe
vide film hardness, gloss, surface adhesion, and resis- irritation to the conjunctiva, may cause respiratory
tance to weathering?. distress, and are associated with sensitization-type

ALkdResins. Alkyd resins form asa condensation reactions. Inhalation of isocyanate vapors oraerosols
product of a polybasic acid and a polyhydric alcohoL can produce asthmalike symptoms including con-
Their toxicity is relatively low and they have a ton stricted airways, difficulty in breathing, and a dry
historyof use without indication ofa chronic hazard. ta irriant cough. In sensitized individuals, even a very

Ac• lae sud Mekar cylate Resim Acylate and low exposure to an isocyanate can produce anaphy-
methacrylate resins are polymers forned from acrylic lactic shock or other such dramatic response.ý' The
and methacrylic acids. These substances am used ACGIH TLV and OSHA PEL are both .005 for the
extensively in latex paints. Unreacted monomers are unreacted monomner.7 '
primary irritants and skin seitizers. Once they are
polymeized, however, they are no longer health haz- AdAitives
ards. Reacted polymers have a low order of toxicity,
and the Food and Drug Administration has aprovel Until recently, mercury biocides were added to
polymethacrylate as an indirect food additive., latex paints as a preservative to prevent bacterial and

V'nyl Resi. The vinyl resin are polymers of a fungal growth and to control mildew on exterior sur-
numberofonorwrs indudingvinylchloride,vinyl/- faces. These biocides were derived from mercurial
dene chloride, vinyl acetate, and derivatives of sty- compoumsindludingphenyhmercuricacetate(MA),
rene. The principal health hazard associated with the 3-,chloroimehoxy)propylmeuic acetate (CMPA),
vinyl resins is the potential for exposure to unreacted and phenyl ercuulcoleate(PMO). At least onereport
vinyl chloride, which the EPA considers tobe a known has linked these mercury compounds to acrodynia, a
human carcinogen. Epidemiological studies have as- rare form of mercury poisoning found in children.
sociated w "kers exposures to the vinyl resins with This disease is characterized by pink-colered fingers
increased incidence of liver angiosarcona and, possi- and toes, peeling of the soles and pahms pain in the
bly, brain tumor The ACGIH recommendsaTLVof extremities, impaired motorcnb,*lp o bia and
5 ppm for exposure to the vinyl resins.' mental apathy. The EPA, working with paint manu-

Celaloe Resc. The cellulose resins are natural facturers, decided to remove mercury from interior
products and indudenitrocellulose, ceaulose acetate, paints. Only PMA will remain registered for use in
and cellulose acetate tityrate. These compounds do exterior paints and for miscellaneous interior uses
not present any known toxic hazard. (spackling and patching compounds),4

Epaxy Resms The epoxy resins used most fre-
quently in paints and coatings are usually made by Caeical Agent Resisant Coatings
reacting e rydn and bp.neowl-A, .Exposures
to epoxy resins that have not cured completely have Until the early-to mid-19•0s,mlitary vehdeswere
been associated with skin and eye irritation and aller- painted with standard alkyl and acrylic paints, but
gicskinractiom. Lquidepoxy resIns areusedprima- these absorbed chemical warfare (CW) agents. Up to
rily in two-component epoxy paints. These liquid 25% of liquid CW agent applied to surfac painted
resins are modified when reactive diluents-which with standard paints is absorbed within 30 minutes.
atealoskin, eye,andrespiratoryiitants-areadded. The CW agent can then desomb slowly over several
Aliphatic and aromatic polyamines and polyamides weeks, creatingaresidual toxichazard. Stand alkyl
are also typically used as curing agents in two-compo- paints are also soluble in decontamination solutios.
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To avoid these hazards, the military converted to CARC paints are also resistant to the components of
polyuretha paints O(UPs), which are chemical agent the decontamination systems.
resistant coatings (CARCs), on all combat, combat- Two polyurethae topcoats-a two-component
support, and tactical-wheeled vehicles, and aircraft paint and a sinle-component paint-are available.
and essential ground-support equipment. The two-component system incorporates component

Therearetwopnmary paints in theCARCsystem. A (containing the polyester resin, solvent and pig-
The first, for exterior use, consists of aliphatic PUP ment), %itich reacts with component B (an Apbatic
applied over epoxy paint, which is used as a primer polyisocyanate combined with volatile solvents) to
coat.Thesecond, for interiar use, consists of an eoxy- form a tough, resilient cwating. In the single-compo-
polyamde paint used over the epoxy prumer. Ep- nentsy thepaint cr-byrectiwithmoimt•e
oxies were initially considered for all CARC applka- from the air.
trans. However, because they break down with Both of the PUP CARC systems contain unreacted
prolonged exposure to ultraviolet light, they can only socyanate groups in the uncured resin, which irritate
be used indoors. the slan and msitize the respiratory system. The

PUPs provide a measure of chemcal zresi•nce. newer PUP used currently in CARC paifts Inudh s
However, the camouflage pigments and flattening hexamethylene df socyanate. The monomeric
agents reTuired for military vehicles are more porous hexamn e ihypv diasccyanateisusualyrmctedtofrmn
than are high-gloss paints. CW agents can enter the a hiher-molecularweight prepolymer that is less
pores of PUPs, Mut are not adsoebed toCARC paints- volatile than the hexameihylene diisocyanate mono-
unlik alkyd and wylic paints-and they can be re- mer, which tends to redice the potential hazard from
moved with standard decontamination procedures. inthattt.'

Pig. 13-3.he operator in tlwalk-in sprayboothbswertncovwrllsglmovesldcove,awlanalrpufinsft~ealoC.
Hehsalsopositonedthitemstobelbedbetweenhhlumfand theboot'sr poofhp
ft minimizes the potentia for the painter's eqxoure and ft prevents vaporsadarst rmlaigtesryboh
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Expomre Controls common method used in spray-finishing operations.
Exposures to paint mists as a result ofoverspay and re-

Industrial painting operations use several methods bound are principal hazards oftheseoperations. Air-
toconlworwkerexposuresandreducepoentialheMlth less spray tehdniques reduce overspray by approxi-
effect. Most flow- and spray-painting operations mntey5)%whensprayingflatmbcesAnothapplica-
with solvent-based paints require exhaust ventilation tion method, electrostatic spraying, involves charging
to reduce the airborne paint mists and solvent vapors the paint mist so it is attracted to theitem tobepaintecL
toacceptablelevels. Ventilationcontrolsincludespray This techniqueeliminates almost 90% of the overspray
booths and rooms or tunnels, which are designed to associated with conventional air atomization!'
contain the arrosol mists (Figure 13-3). These endo- Spray-finishing applications in which engineering
sums are equipped with a filtration system (or mist controlsare impracticaloroperationsin which highly
arrestor) to remove paint mists fhom the exhaust air. toxic materials are present require that PPE, including
Spray-paintopefatorsmw tweareffectivePPE:goggles respiratory protection, be used. Airline respirators
and a face mask with a charcoal filter. Effective spray- may be required during painting operations in con-
booth controls also require that the operator not posi- fined spaces such as storage tanks, boilers, ventilation
tibon him- or herself between the object being painted ducts, or other areas where airflow is restricted. In
andthepointofexhaust. Personneshouldalsoensure other situations, conventional half-facepiece respira-
that booths equipped with dry filters receive regular tors with mist-removing prefiltes and organic-vapor
maintenance and cleaning to prevent the filter from filters may provide adequate protection. Additional
clogging.1' PPE should include cloth coveralls, eye protection.

The method of paint application influences worker gloves, and head coverings. Workers should be pro-
exposures. Conventional air spraying is the most hibited from wearing contact &enses while painting?

MEDICAL SURVEILANCE

Workers who could be expsed to the consttuents require medical surveia The most serious occtpa-
of paints should be enrolled in a conehensive medi- tional health concerns for painters are their potential
cal surveillance program designed to prevent or con- for exposures to mixed solvents and isocyanati Dur-
trol occupational diseases. Exposure to solvents can ing the preplacement or baseine evaluation, the phy-
occur in a variety of occupations and often involves sician should screen for previous exposures to isocya-
complexmixtures;t f,theinsllatimo's medical nat. Thephysicianshould note the patients allergies,
authority should determine the specific details con- respiratoydiseases, andsmokirghabits. Becauesensi-
cernng the scope and frequency of medical surve- tized individuals who are subsequently exposed to
lance examinations. The physician can find detailed isocyanates may haveseriousallergic reactionsyper-
recommendations on medical surveillance from the sens•i•te itndivduals and workrs with a hsory of dhronk
Medical Information Module of the Occupational respftory Xlness should not work with these substance.
Health Management Information System (O.IMS, TheysiWexaminabonaddinicaltestsshouldalso
which is discussed in Chapter 4, hIdustrial Hygiene, thoroughly evaluate the respiratory system and in-
or from other medical guidance, dude, in addition to the routine chest X ray, pulmo-

Medical evaluations should include a preemploy- nary function tests with forced expiratoy volumeinl
ment examination andaregularperxodicexaminatlon second (FEVy), forced vital capacity (FVC). and FEV1/
both of which should include detailed medical and FVC. A perodic eamination should bepom ed at
occupational histories. In addition to the standard least annully after the preaement xamination.'
evaluation for smoking and alcohol use, the physician For a medical surveillance pgrm to be effective,
shouldpaypaTicularattenfiotoanyhiWsyofiprevi- health education must accompany the evaluations.
ous exposures to toxic substances, especally organic Heatheducatonhnudes trainin forbothemploy e
solvents or other agents associated with neurotoxic and employer and should provide information on
effects (seeTabe13.6). Duetothe eotoxdceffectof the potenta hazards of the chemials in use, the
solvents, the physcian should also conse obtaining measures to control oxposr and the op~e use of
a neuropsychiatric evaluation, personal potective equipment. Training should also

Because painters can be expoed not only to sol- be updated and repeated when new chemicals are
vents but also to the other constituents of paint. they added to the work••-ace?
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MEDICAL TREATMENT

There are no militarily unique medical treatments myocardium. In some individuals this can cause
forexposure to solvents and paints or tochlorofluoro- bronchospasm and cardiac arrhythmias. Shouldomr-
carbons. In most cases, simply removing the victim exposures to halogenated hydrocarbons-including the
from the hazardous environment is the only treatment chlorofiuorocarbons-occur, epinephrne or other sympr.
required. Contaminated dothing should be removed thomimetic amints and adrenergic activators are
to prevent additional exposure. The physician should contraindicated. These solvents are cardiac sensitizers
ensure that an adequate airway and respiration are andwillfurthersensitizethehearttothedevelopment
maintained. Urinaryoutputshouldbemonitored and of arrhythnias. They must not be administered.
fluids administered either intravenously or orally.
Diazepam can be used to treat convulsions. Toxic Combustion and DMcomposition Phodstsc

Solvents and Paints Exposure to the combustion and decomposition
products of halons when they are used as fire extin-

Usually, the only treatnt necessary for acute guishersisprobablythemostsignifcantmedicalprob-
exposures to solvents is removal from the toxic atmo- lem posed by chlorofluorocazions. These products
sphere. However, acute exposures in high-enough areextremeirritantsconsequentlyexposedindividu-
concentrations can cause paralysis, convulsions, and alswillattempt to escape from the contaminated envi-
uncorscousnessthat canprogress todeath. In instances ronment. Personnel insidevehidesorconfined spaces,
of ingested solvents (including halogenated hydrocar- where escapeisdifficult, may beexposed tolong-term,
boris, kerosene, and stoddard solvent), medical per- high concentrations of these severe irritants and can
sonnel must take care to prevent the victim from suffer chemical burns of the eyes, skin, mucous mem-
aspirating the toxic agent into the lungs. Even small branes, and lungs. Medical treatment should be the
quantities of a solvent like kerosene in the respiratory same as that for any other severe irritant. Pulmonary
tract can cause pneumonitis, pulmonary edema, hem- edema will undoubtedly bea complication ifexposure
orrhage, and necrosis. If aspiration occurs, the emer- to high concentrations has occurred.
gency treatment is the same as for any oily liquid.

Physical Trw"m
Flhorucarbons

Halons used in fire-extinguishing or other pressur-
Asa group, fluorocarLons and chlorofluorocarbons ized, dosed systems can cause hearing damage from

have very low acute toxicity; the greatest hazard of excessive noise. Hearing protection should be recom-
exposure to these compounds is simple asphyxiation, mended for areas where the probability of sudden
Exposure to very high concentrations (> 50,000 ppm) release of these chemicals is high. The subzero tern-
has been shown to produce CNS depression and peratures that occur when pressurized fluorocarbons
eventual respiratory failure. Simply removing the such as the halons are suddenly released can also
victim from the hazardous environment is usually freezeunprotecedskieyes, andmucousnembranes.
the only treatment required; all toxic signs rapidly Treatment for freezing injury requires no special pro.
disappear when the patient is removed to fresh air. cedures; the fluorocarbons will rapidly volatilize and
The most severe threat from fluorocarbon exposure is the resultant injuries can be treated like any routine
the ability of these chemicals to sensitize the lungs ard cold injury.

SUMMARY

Although large quantities of solvents, fluorcar- exposure to these compounds.
bons, and paints are used annually in DoD industri Solvents are used extensively in the military to
operations, exposure potentials in the military are degrease metal parts, in paints and paint removers,
similar to those in comparable civilian occupations. and as intermediates in the manufacture of other
Despite the increased use of engineering controls and items. Most of the organic solvents discussed in this
PPE, severe injuryordebilitation can result from over- chapter have similar acute, toxic. anesthetic-like ef-
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fectstotheCNS. Chronicexposuresalsomayaffect the mentchemicals forbanned fluorocarhonsareselected,
CNS; other target organs include the liver, kidneys, the toxicological and medical databases for them will
and blood. Some solvents, including benzene and be fragmentary atbest.
the chlorinated hydrocarbons, are animal carcin- Painterscanbeexposedtoavarietyoftoxiccompo-
ogens, and some are human carcinogens. Target or- nents. The most prevalent exposures are to the sol-
gans for carcinogenicity are blood, liver, and skin. vents. Other constituents of paint can also have toxic

Fluorocarbonsasaclassarerelatively nontoxicafter effects. However, most constituents of paint are rela-
acute exposure. Chronic exposure also does not ap- tively safe in the concentrations used in paint formula-
pear to pose a high level of risk They are potentially tions. Allergic sensitization reactions can stil occur in
toxictoboththecardiovascularandbwOnchopuhnonary sensitized individuals who are exposed to the isocya-
systemss;this fact is of majorsignificancewhen rnedical nates used PUP and CARC paints.
personnel are required to treat exposed individuals. Military occupational health professionals should
Thegreatest medical hazard posed by fluorocarbonsis continue to work with industry to minimize the po-
theextremetoxicityoftheirhighlyirritantcombustion tential risks through engineering controls and,
and decomposition products. Current use in the mili- where possible, through substitution with less-toxic
tary is significant and will probably rise. As replace- materials.
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INTRODUCTION

Apatiideisany subsance or mixtu of sbstý s plants but also humans share this environment with
thatpreventsdestmrepels,ormitigatesanypestL A the pests. Excessive residues that result from Misap-
pest is any animal or plant that can injure.' environ- plicatlon and residues that migrate from target areas
ment or the health of populatims in that environment, into areas of environmental cocen such as roun-
This definition allows any of the following terrestrial water, are just two of the serious problems associated
or aquatic plant or animal life to be classified as pests: with pestide use.
insects, rodents, nematodes, fungi, weeds, vmises, "Therisksofusingpesticidesmustbeweighedagainst
bacteria, or other mikoorganisms (except those on or thebenefits. Theproblem hasbeen and continues tobe
within living humans or otheranimals). Theadminis- our inability to fully identify the risks associated with
trator of the Environmental Protection Agency (EPA) the introduction of pesticides into the environmenL
determines which organisms qualify as pests.' For example, the thinning of bird eggshells from the

As part ofa unified effort, all scientists, managers, bocumulatnof IAhr " "ooethan
and those who apply pesticides must consider the (DT) and the controversy that surrounded the defo-
pote risks associated with the applications of pes- lant Agent Ornge (a mixture of a 50%
ticides before *Ing thm. Military goals are to (a) use didil orop h enol I Z4 -D) and 5 0% ftrichorpenZ4,5-
pesticides judiciously and (b) minimize mbdu g T.wlthtmaceamountso(ZVA-te l zc
these toxic materials into the environment. Non- dioxin tCDO contamination) after the Vietnam War
chemical pest-contr measmre agiven firt cons wereunanftipatedpesticiderisks Althoughtheacute
eration; chemical controls are initiated only if effects on both the enviromuent and human health
nonchemical control measures fail, or if the situation maybeknown. there sapaucityoffruaonthe
dictates that chemical controls are the only option chronic that result fom long-trmn aores to

Pesticdes are unique among toxic materials tobe pesticide residues. TherefoM evay precautioy and
effective, they must be purposely introduced into the formofprotection must be takenwheneverpesticides
pests' environments. Not only other animals and am used.

MILITARY USES OF PESTICIDES

Pesticides are necessary in the mlhary toprnotect(a) personal protection, (such as repellents and pedic-
human health, (b) products in storage. (c) natural re- ulicides Douse powdersD and area control uch as
sources, and W property, jst as they are in civilian mosquito, lrvicides and adulticides) are available to
life. The nuilitary has an enormous investment i. assistinp etingthespreadofpest-bornediseases.
human resourcesý acilities, and natural resources,and To protect against the health hazards associated
adquate protection of this investment often requires with pesticides, the miliary must also cnduct ad-
the use of pesticides. equate risk-beneft analyses before using them. For

example, hercides were used as defoLmns during
Polecting Hmamm Health the Vietnam War to help members of the US. miltary

se theenemy in thedensejunl Agent Orangewas
The mission of the US. Army Medical Department used widey. Its formulation was contaminated with

(AMEDO) is to conserve the fighting stength. Be- dloxinhower,andbec thecmlantistoxic,
cause arthropod-borne diseases are major risks to hu- controversy raged for years in the United State over
man health, this mission requires that pesticides be the use of Agent Ormage, Ths controversy under-
used; worldwide contingency operations necessitate scostheneedforadequaterisk-beefltaralysestobe
that AMEDO be prepared to protect its troops ad- conductedwhenD flita scafdbpresentwhile
equatdy against diseases such as malari typums pesticides am being applied or might be expoed to
plague, leishmanlasis, encephalitis and dengue. In them~ after their application. Specifically, the sassew
the United States, Lyme disease has emee as an entmustevaluatetherisktothetompsfromthepest
impoltman tick-borne disee and has renewed the (athropod-borne dlmses or dense vegetation pro-
effort for using skin and cblot repellentsto protect viding cum for enemy soldiets) vam the risk lo
troops during field t'evcses. Pestickies used both as hroops ifpesticidesaeweusdtom lze theseals••. If
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the benefits of using pesticides outweigh the risks protect against pest populaions that inhibit military
associated with their use. then pesticides should be activities or damage prpety. For example, trees are
considered weapons. a valuablie natural resource that need to be protected

Roobrds can cause serious health problems in from the gypsy moth. Wooden buildigs need to be
hosptalsanddustyworkareas. Bird fecescancontain protecdW from termites and other wood-destroying
numerous pathogens that cause psittacosis and such insects.
mycotkdiseashi p s mop spasandciyptC ccosis. Populations of rodent3 such as prairie dogs or rats
These can be transmitted throughout a hospital via its may exceed the natural carying capacity of the area
ventilation system, epeciallyifbird feces contaminate rodenticides may be needed to reduce these popula-
theducting. Whm fecal-contaminateddust travels as tions, especially if the burrows impede the use of
suspended particulates in air and is inhaled, unpro- military equipment in the area or a plague outbreak
tected individuals can contract clinical illnesses such should occur that may threaten human populations.
as mycoses or respiratory diseases, or develop skin In these instances, pestkides may be required to re-
lsin or sullinkcal infections manifested only by duce the rodent population quiddy, rather than rely
subtle changes in specific antibody titers. on natural controls such as predation.

The military uses more pesticides to control cock- Pests such asbirds thacongrete nearaiports are
roaches than to control any other pest species. Cock- hazardous to aircraft, crews, and passengers an avi
roachestransn*dnzeseorganibmedamcai- this ode can promptly reduce the haz Buds, particu-
is the major reason for the continued effort to control rtyplgeos,canabsobecoea seriotopobkm when
them. They are associated with the spread of enteric they roost in warehouses. In addition to thirassoca-
diseases such as salmorielosis, dysentery, or typhoid. bon with illnes and contamination of stored foods,
Inadditon, threis heng evidenceof aergies in roosting bids' acidic feces can defac buldin and
hunm which has resulted fam chabiting indoors accelerate the deterioration of euipment
with cockroaches. While nonchemical control meth- Termites and other wood-destroying Isects -1mse
ods-such as appropriate sanation and reduction of tremendous building dmage and economic loss on
cockroach harborage-are far more eftective in con- military nstallations. However, as a result of the
trolling cockroach populations, pesticide trutments evironmetal pesstm of the mical consttu-
in food areas and in military housing continue to be ents ofpesticdes and the potential foradverse hunun
necessary, healh effes -14~ these titauenthemilitayss

of p"tdestocontroitermiteshaveaged fromthe
r Sked Puse of persistent chlorinated hydrocarbon pestcides

(such as chlordane) to less pesistent pesticides (such
The Stored Products Pest Management Pogram, as chlorpyrifos). These changes in tennite manage-

conducted within the Iepoert t of Defense (DoD), ment--mor frequent applications of tess persistent
consists of an hintegrated system of storage, quality t miuc 4 w,- paradoxcally, increased the risk
assurane, and pest-mnagement activities. These ofexpsure.
actvitesaredesgsnedtopreventorcontoinsectsand
rodents that attack infestable stoe products such as Potect Again*t Expomm
food and fibere- , es. Faiure to comply with proper
sa pge oedies mayyreulinsubstarktWaeconoc Th safeapplction ofpesfides equis that pr--
lomes caused by pest damage Pesticides are an hnte- cautionsbetakentoprotec aganst acute orchronic
gralW of this program. Applied as residual treat- exposumtopestcideresiduesthatmaycamepoism-
ments or airborne am sprays, pesticides proide a ng. While acut pesticide posbornf symptms mare
brrier between the pests and the stOed products well docmueted, a paucity of Information exists on
Wlthoutsuchprokctonsedcs(suchasgmrnbeetle, effectsofong-terinexposuretopetkIderesidues. For
moths, and weevi*) and rodents (such as mice and this reso, protecting against the unknown chroni
rats) wouldicentmnteorde titemsuchasfour, health effects, as well asac•te hea• effects, w ants
cemL rie, wa dried fruit. minimizing human expour to pesticide residus.

Potcljm Natura RAourM sad MilhlEy Propelty Raute of Eiposure

The millary, with millim of -acres of Ind on its The purposefl introduction of pesticide into the
o nlsatm nd bases, ues ides to protect valu- environume can came not only the worker who ap-

able ratural resourcessuch asm and wildlife and plies thepesticide (theappliat)btalsounsuspect-
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ing bystanders or passersby tobe exposed to Pesticide engineering controls and PPE. Engineerin controls
residues via (a) dermal contact, W,) inhalation, and (c) are aimed at containing or reducing the spread of
ingestion, pesticides. These measures are particuary Important

Dermal contact, the most frequent routeof pesticide for the activities performed in pest-contol facilities,
exposure, can occur during applications of liquid such as diluting and mixing pesticides. ngineerin
sprays, dusts, and granules. Preparing mixed or di- controls can pertain to the design of ventilating sys-
luted solutionsfwm concentrated pesticidesmaycause teas, plumbing, fire protection, emergency shower
considerable dermal exposure if a spill occurs, and eyewash fountains. and personnel locker and

Pesticides can cause mild-to-severe skin injury de- bathing facilitim
pending on the particular pesticide and formulation PPE pwvdes a barrier that precludes or limits an
invo•,ed. Severe internal poisoning may occur if individual's expmsure to pesticides (Table 14-1). De-
sufficient pesticide is absorbed through the skin into pendrgonthepest-munagementopetionbeingcun-
the blood, and is transported to the internal organs. ducted, more than one type of PPE may be necessay.

Inhalational or respratory exposures can alsooccur For example, a waterproo jacket and pants should be
from pesticides during mixing or application, al- wornifasprayingoperationcouldcausetherequred
though this exposure route is usually much less coveralls tobecome wet In addition, label imnctions
likely than the dermal route. If inhaled, pesticides can mayindicate thataspecicespmratbeused with that
be absorbed into the lungs and transported to other product. Such respirators might indudea dust mask,
organs via the blood. canister4ype ps mask, cr self-contained breathing

Ingestion is not usually a significant hazard for apparatus.
careful workers, but it can be a dangerous exposure Training is essential for peticide applicators, to
mute, especially if pesticide spray or dust is splashed prevent or reduce their potental exposures. Specific
into the mouth during mixing or application, or if iues that must be addressed in training include the
contaminated foods or beverages are consumed. Pes- benefits of using engineern controls, as well as the
ticides can also be ingested if the applicator smokes appropriateselectionand use o(f 'E Otheressentiul
while mixing or applying them. Ingested pesticides, training issues include the hazards of specific pesti-
after passing through the linings of the mouth, cides, possible adverse health effects fron exposure,
stomac, and intestine, are easily absorbed into the en enc st a ticpp c eduresand
blood. emergeny responses to spills Wokers must be in-

formed thatasubtleexpomue hazard potetl maybe
Redciug the Hazerds associated with pesticides that have long-lasting resi-

dues. Thehba mustemphasmethattworkecould
Thehazards thatpesticides present to humanhealth be chronically exposed to pesticides if eninering

are mitigated by uso personal protective eqipment controls fall to operate poapesty or f the M '•s defec-
(PPI) and the appropriate engineering controls; PPE tive or worn impropedy.
must be used whenever pesticide exposure will occur All workers who recive, handk store, and apply
in excess of accepted action levels2 or the permissible pesticides must
exposure limit By consensus, unless otherwise de-
fined, action leves are usually defined as a concentra- • demonstrate proper handling of pesticidIes
ton equal to onha the Occupational Safety and * know prope dean-up procedures for pesti-
Health Administration's (OSHAs) permissible expo- cde spills,
surelimi M, whi is the stauta r exposure limit. * initiateappropriatespll notiflcationorreport-
TheAmeuianConfe o(fGoverunenal lndustrW ing, and
Hyomiet (ACGIH recommends aceptable expo- have access to a pesfide-spill kt
sure limits, known as Threshold Limit Values (ILVs,
a registered trademark of the ACGIM? Protection Ckwatupmpcedumr indudiga ficat•lo an-
from exposure should be provided at whichever ac- nel, should be posted in the vicinity of the kift After
tion level is lowest (either the limit required by CHA training, workers should be able to demonstrate that
or the limit recommended by the ACGIH). they are capabe of

Pmetcft jgPostiid Warier * recogniing the inherent toicity of the per-
icuwlar products they apply,

Protection against pesticde exposure to militar e tusin available enlineeftn controls and rec-
personnel who apply pesticides is afforded by both ognizing when the ondrols am functi•ing
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TASEE 144

FERSONAL iMOUTCFIVE EQUIJUMM M )

",E

Apron Wateapoor, made from syntetic material or nubber, use for mixng pesticides.
Boots Wterpo, made fom synthetic material or rubber.
aot Clean overalls or outer dothbW change daily; waterproof jacket or pants if

i q fornmaatiomL Do not weir over strued clos.
Faoeshied the when handling or mdixing

Goggles or full4ace respirator Use when handling or applying
G&Wes w-eproo unlined, made from synthetic material or rubber.

Hat Waeprooi, wideammed with noabsorbent headband.

Re"piAor Cartride-ype approved for pesticide vapors, vle label specifies anothe typ
(dust mnask, sef-ontind Wreathn apparatus).

Impr fly, hazd to thse individuals h often largey reduced if
" determining when PPE is necessary, appropriate teciques are lowed during applica-
"* properly donning and doffing PPE to limit tion and if diluted pesticddes are usoed.

exposurepotentiaL. Thcoe who apply pesticides to buidigs (offices,
"• property disposing of unused pesicide, and homsbardaks,•td rtsouldcarefhuyadvise
"* properly decontaintg equipment. the occup ofE the potential hazards The occupants

should be instructed to alert the pesticide applicato
ProttdArgYstW"If" if therm are signs of inappiropriate application such as

wet spots or puddls The occupants shouMl also be
Itis equaRy potant to prote oer peo fom carefuy kinstr cdnceming thewram of reentry

expowres that may occur during or after the appicaý- ino the treated bul~dig and safety practices associ-
tSon of pesticides. This type of exposure is insidous ated with baits and traps. Pestides that have a
because the individual may not be aware of the pesti- significant resdual time are hazardous to humans if
ide and its potential expum hazard. However, the application procedures have been faulty.

PFAAIRAMON 01 PESTICIDES

Pesticide chemicals as they are pnrocd by the finely ground materials of eidh undiuted pesticide
manufacturer are usuany hgh concentrated, wiD orthe pesticide mixed with an inmt diuent. Grainula
not mix well with wat, and may not be chemkay pesticides are smalt peets marnufcured from inert
stable To enhanc stor•ge, handling, and application days that are sprayed with a sotion of the pemiide.
of pesticids, carmrs (wovnts, day surfatants, or Aerosols are; pressuized sprays that use a propeant
stabdiers) areadded to the active tngredient to acme to di@spegs thepesticide, whilefimnn nt are gseous
a pesticide formulaton formu of a pesticide.

Puesticidesmust be formulated to improe proper-
Fo ulat ties such a storage, mbdng applicat*, efficacy, and

safety befae they can bea . For exampecatin
The most common pesticide frnm are W) irgredients of pesticide omulations are desied to

sprays, 0) dusts, (c) granus C(d) aeross and (e) in, -ewatrsolltyforlirusasdlutedsprays,
fimanits. Sprays can be pr from a number of or inoapated Into solid matrices for thei use n
lquidfomm wliwithvwiuscarer suchaswa- granules, The resuflt product (or forulation) in-
eri, o arid other adjncts (Table 14-2). Dusts are dudesnotonlychemicals(inpureorticl -drade
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TABLE 14-2

FORMULATIONS OF PESTICIDE SPRAYS

Fauinatlo• Type DefAnitmi

Emulsifiable co tate Co•cent-ated o solution of technical-ade pesticide to which an emusifier, a
detergent-lke nateriaL is added. When added to water, the emulifier causes the
oil to disperse unilormly.

Wettable p r Pesticide dusts to which a wettn agent is added to facilitate the miidng of the
powder with water.

Fkowable sprayable 1lend ofa technical-grae pesticide with a dust diluent and a sma quantity of
suspension water This fineldy ground, wet fortmultion mixes well with water.

Watefr-olble powder Finely pound tehical-gade pesicide that diolves when added to water.

Oil solution Tedmical-grade pesticide disolved in oil and applied as an oil spray.

Ifa-ow-vohm Tednical-grade pesticide dissolved in a nminumi fsolvenL The high
concentrate tation of the pesticis active ingredient (usually > 50%) is applied via

spmcal ground or aerla equipmnent that greaty reduce the volume of pesticide
formulation-apped.

form) that ae active as pesticides but also chemicals ceed for incorlxpation into commercal pesticide
tCh are inactive (or poorly effective) as pesticides. formulatons. Teh -ical-ade product contain nu-
Inactive or inert igredients also bnclude chemicals meos related, namediak production-processa
that are added to the pesticide, and are intended to sociated compound& Th~e production of chemcally
impovetdistbution ad use. In ts contex• t the pure orgi compounds is technkdly difficul ex-
t inert refers to the pesicide's activity agant pi and usullyowmwarytoaffordameptble
specicpestsand is unrelated to theshemicals; in-er practical activity for use agaist peft As a resukt,
ent poktetia toxicity to other species, inudin hu- technicalgade productio chemicals ae often used
mans. For exampleý the formulatibo's carer (or ve- to formulate pesticides an therefoe oftm demon-
hide), induded to enthane the solubility in water, stratechemicalWprities. Tfchnc l-adeproducts
may be a petrleum-b4ased product that has no direct deived from controlle chemik reacitlnsaxiformto
effecton thepest, but whichcould bea hazard tothose a rangeof chemical diersity. TheacceptaHerangeof
who apply the pesticides if they were to use the prod- product purity is defined by the manufctures de-
uct improperly. sign quality control specification for each ntended

use. As a result, chemical mixums geerated for
Tedmic~rade Componeat incorpoation, into pesticide formulations, or subse-

quent sale for use, usually demontrate a degree of
Most pesticides are produced through a series of acceptabl variability in the final producL

complex chemical reactions that eventually result in It is Ilmpeative tha hcare•povide copize
dienicallybnpvremixturesofreacdlonproducts. Even that pesticides ane usually impure mixtures resulti
when dc ically pure, chemicals are used to Intiate om production-proce chem"• s tat "have been

ndbu*mlx pr -ss retiosfordevelopenentof the comkbined with othechm icl to produce the final
final pesfcide, and the resultant product mixte is fomulaton. As such,'peoficidsarenotm tuemof
chemically diverse- Similarly, naturally ocurring pure, chemically dis crete ursreacted compounds, but
pestideextractedfomb sources aredhei- are i dmicalgade quality mxtur, and have soI-
cally complex mixtuesmithcomparaMlephysicaland vet o othe• chemicals added to improve thir dis-
chemki•c vt-extractim characteristis. Persinorsolubil• properties.

Technica-grde FpesticideA products awe complex %nl*fhl,itlhnpouaft~forhealdhcaeprvvldento
chemial mixtums that have been developed an If- recogid•e t " Peti products td beyond the
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stated shellife orreleased into the envirounent might Toxicologi and biologicalactiityasociated with
be coataminated with decomposition products. The chmical stereosomersý of the same chemical moiety
presence of tedmkal-grade, intennediate compounds havebeen documented fornun compounds. As
or degradation products can substantially alter the anexample, theacutetoxicityof permethrinsdirectly
toxic effects of the chemia mixture (in comparison correlated with the ci/trms ratio, with most nm a-w
with the pure compound) on biological systems. lian toxicity attributable to the cis isomer."

The complexity of potential problems can be formi- The best-recognized example is probably the unde-
dable. Forexampke,theuseofdhordaneasatermiticide sirable human toxicity associated with exposure toan
in structures owned by all military services was dal- hitmediateunwantedcontamationproduct fo d
lenged on the basis of possible long-term sequelae in a technical-grade, market formulation of Agent
among potentially exposed military memben and de- Orane (Figure 14-2). An Intermediate compound in
pendenrt All services were requred to deteritune the the production of the herbicide 24,5ý ý ol
extert of use ofchordae on every installation, and to (2,4,5-") was found to cause a positive response in the
define the possible extent of exposures of all family rabbit ear toxicology evaluation. The compound that
members. It became immediately apparent that san- was subsequently identified.* the cause of chloracne
plndman ysisfor dadaneproductsrequireddef- in humans and hyperkeratosis in livestock was the
nition in order to evaluate the posskility for expomsm contaminant 2,3,7,8-tetrachlorodibenzo-p-dioxin

The commercial pesticide product chlordane is a (TCDO). The hemical TCDD Is an undesired reaction
complex chemical during both its production and its
errnvmenta degradation (Figure 14-I). It is an
exampleof thecomposition of a te•dmical-grade pesti-
cide. The product is nolongeregisted forsaleto the
public, but it is extremely persistent in the environ-
menL As a result, it became the focus of substanti
military intest during the 1900s. The controversy c
concerning potential acute and chronic health effects
of this product on military members and ther depen-
dentswiLlpbaly cntmine to reurfaceperidicaly.
Therefore, a review of the chemical composition of A
chiordane serves both as a point of historical interest
and as a prActia demonstration of t- compleit of
human vexp r and healrisk determination.

Toxicological testing of several of the individual
components has resulted in the assignment of differ-
ential human-health risks from exposure to the sepa-
rate compounids of tcnalgdechlordane. For
"eample both chlordane and heptachlor deimostrate
variable degrees of activity at the same tare organs
Owe both are potential hepatoxins). Reported differ-
ences in acute toxicity in rodents usually indicate that
heptachlor is approximately 5-fold mom potent than i. 14-1.A r is produced during theanlyu of
chlordane. In addibon heptachior has been recog- chdoniane on kderg hwWato Caref review revals a
nized as a substantially more potent carciogen than woyke coeqism.1 Tecdual-radec dihrdanehas been
chlordane.' and ,etecvddened t ow a

Inadditimototheconcern forenvronment•adegra- byotheraoofthe-r p tog oneofmorofdtemajor
dation ovaer time, the technical-ade composition of -q- hi e - xtuam The four mahr ae
chlordane had been repoie to change with time. elnilvel, labeed A, 3, C, and D, breed on their Hree
Foulatflo of chlordare produced before 1951 are 11ObRP•to Pet~vdY---t1s Y

bwwa-~yhodm TheICUprAldifa'erenos Fmcriteddvomaral;ýý"sie&atlom~kAgMnothe-
in specific composition of technical grade may be b uarsp e c eml 'o kun* on as compo d e

relate to differnces between the incidence Of le- pemkCrqnep bbwvsducrduwandpeakDire w den-
ported hepatoma in micein 1977to1979and 1969. Th1 d"h*aem If the ratio of peeks A+B/C+D ap k AOh
later studies have hiled to demonstrate an Incressed (rae 0.4-W6, the anpke is aFped I f exesnue e
incidence of hepaetoa o In erler studies.' a dedc
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Fig. 14-2 Agent Orang Te. Mwhmial shuctura of the heatiddes (a) dKMONOMM"ft add (Z4-D) and Mb Z4,5-
- mtic add (Z4M,51 Wc represmib thestructur of the undeshbk hourtnediate diomdz contaminant Z3,7A-

mp Ard CICDD).

product Identified in the production of phenols and tions to les than 1%, with a resultant ded ine Icmte
hexachlorophene, which is now often chemically re- adverse dermal and respiratory effectO.
moved from tedwical-gade products before they are In additionto recgnizing the differencein toxicty
formulated. TCDI) has neither pesticide nor phenol between separate compowuds in the marketed pestl-
activity. It is, howeme, by scientific consenst, the dde formudation it is important to recognize the pos-
dientcabellvedtoreprmenthemalnheadLthhzad 9Mb4it for chemucal interactions that may resul i
assoodated with exposure to Agent Orange. Another eqxpm couequence for an IdikviduaL In selected
example of undesirablie reactions associated with cameofpabWenpotsonlngs healthcare pwivdersm ay
unreacteddcheiua intermediates was the dermal and be required to carefully review the available toxdcd.
respiratory toxicity identified for the chemical ogydatabase for&apesticide todetermineif the testing
1 e 1ahorcydiopentadiee, a contaminant of early has been done oun the isolated, sepuara. chemiacal
dilordane.Spedfifcationforchlordaneproduced after components, Wedincal-grade chemicals, or pesticide
1951 limIted S ~--I~U. coimetra- fiondation!.

CLASSIFICATION AND TOXICIT OF PESTICID

Pesticides must be appromved for wse by and regis-
tered with the EPA. They can be classified in mimer- EXHIBIT 14-1
ous ways, Incxludi their mechanism of action and CLSS CAION OF PESTICIME
tl* hemicale shutumNYwIVT

Pesticides, do not necessarily ill pest;, but in fWc I Y ICI
may kill, repel, or attract themi (Exhib 14-1). Pesti- Ainpliilan and reptile poalm and rePeilents
ade. are asoused as platregultorsdefla~nts, and ntma*lagents
desiccants.Somepes~lddesearewdasdmerm~teranis, Attrctnt
which prohibit or limit propagation of the next pest Bir pdo n rq-enent
Seneratiou Growt'h repkltors retard the growth of

anddskagntsenhancethedestnctivedylnof prlans D~~1t
Even ewliMdcrobials (which include disinfectants, ftabpolsonod repellents
sanitizems and be teriostatics) are cmlasfied as pdi- Fungicies
dide. and mustbe regisere Mwith theEPA. Howeve, Iledbkides
forif awoe of this chapter, the word pestickies; used
inwits move traditionalseeadI s iie tothe major ~ aia amadrplet
caegoile Insecticides, odentididesand herbicides Maaa oosadnda

(T"bl 14-3).
Specific toxiclogical evaluations to identify poker, PWVd~

dtW adverse biomnedical rePS;ons-es that cowl affect Rodentiddes
work"r who pply p deithe generalpubb~and S~kinmde
the envitumaent are require before the EPA will
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TABLE 14-3

CATEGORIES OF PESTICIDES

Category Example CAtegoe Ezample

Insecticdes HeM'kkes

Chlorinated DDT, lindane, akldin chiordane Iwn amonwnum suffate, sodium
hydrocautons tetraborate

Dwatituitiute Inweasront
C~rbaatescarbrylpropow, mbofuan Caroxalipates isUM Z4-, ~

PyrtirodsakdundphrýThiocarbarrates peliulafte mnethamm hutyate
fenvalerateetrocdi nitrogensam w iai ratn

huraric slfr, rsrtcboonAliplatic adds dalapon, trichloroacetic acdd

ethyneibomdeAzylaliphatic adids dlcamba dlmethyi teractuoro-

MiccbilI Awst thrgrs Fieiothis tereptuhalate (DPA)

kmset gowth methoprene diubenruron Phnldeiaivs noeeb, 1Pentad1loropenol
reuaosSbtttd-tie dichobeniL brooynilW

Repellents diethyl-nitoluWidDEMf BipyfldyliumS diquat. paraquat

Ro~md~r

Phosiihomu zinc phosohdde. yellow
Pophor

Caumarhns waufri funarin
Indanediones, pndone, dlptuadoe
Botanicals red qiL stciy me
Organoddlodnes endrin

Souro Ware GW. FW~mftb qfPesxz&z-A Sdfj-tnh ie Guak. R CAbI:ThWgM hPMicatlo 19a2

register a pesticide. A number of specific types of that24-our period. Theobservationperiod following
toxicological evaluations are considered before EPA exposure is customarily 7 days, but effect may be
regisrto and as an bntegMa part of the Agency's reoded for upto several weeks following theadmin-
ongoing review The classical descriptive toxicologi. istration of acute exposure doses in selected circum-
cal tests are customarily divided into two broad cat- stances. The moscommnw acuteatudlessimplyrecor
egories: acute or chronic, base -on the duration of lethal effcts; however, som -e studies record observa-
expsur to the admnistre toxicantt under tudy. tons of toxicsigns such as atxia. feding difficultyor

An acute toxicolgia evaluation is based on mea- letarg. (Lke its uwe in clinical medidne a "slpW in
sured biological tespones to a single dose (or occa- animal studies isdefined as&adlscrteevent thatcanbe
uionally several doses) of&a test compound wIthin a 24- seenby the observe.)
hour period. When the toxicity of&a compound is low, Toowgiw lef 6cts111elthequanhaoramjiiMn
the necemary volume to achieve the required dose repotss Aquantummesonsehsadiscreteyesorno,
often cannot be administered as a single dose, but ali or nonie, numeric phenomenoin such as letha out-
must beadminisweed in repetitive doses given within come. A continum response bs a graded responise.
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associated witha normal, oraccepted,numerical range recorded on the control bacterial-growth medium. In
as well as abnormal levels (those that are reported other words, the potential of the test compound to
outside the normal range, such as quantitativeconcen- affect genotoxic alterations is recorded as an increase
trations of enzymes identified in a sample of whole in the number of colonies on the histidinedeficient,
blood). test-compound-treated media, compared to histidine-

The EPA requires carefully controlled performance deficient control culture plates.
and documentation of acute lethality studies, using Other forms of possible toxicological evaluations
selected animal models, before a pesticide product can include assessments for potential skin or eye effects
be registered. A specific, acute, toxic response to (therabbitDraizetest),reproductiveeffects (dominant
exposure required by the EPA is the LDM0 (the dose of lethal or multigeneration tests), and human effects
thepesticidethatislethalto50%ofthetestpopulation (patch testing or epidemiological studies). The ap-
of animals under specified test conditions).' proved uses and cumulative toxicity reports associ-

Other typesof toxicologicalevaluationsthat maybe ated with any specific pesticide are monitored as an
useful during the EPA registration process require ongoing, continuous EPA administrative process. As
repetitive administration of test doses of the pesticide a result of these routine reviews or pestidde-use comn-
over progressively increasing periods of time. Based plaints from the general public, a pesticide product
on the duration of repetitive dosing, toxicology tests registration may be revised or revoked based onaccu-
have been categorized as subacute, subchronic, or mulated toxicological data and human epideniologi-
chronic Subacute toxicologial evaluations employ cal experierce
repeated administration of doses of the test compound Both acute and chronic adverse health effects from
overa duration of several days to I month. Subchronic a host of possible, likely, presumed, and confirmed
evaluations are defined as repetitive exposures ad- pesticide exposures have been reported in humans.
ministered over a period of I to 3 months, while When applied to the circumstances surrounding hu-
chronic studies require administration of the toxicant man exposures, and subsequent effects, the differen-
for longer than 3 months, While subchronic evalua- tiation between acute and chronic human health ef-
tions are customarily used to identify effects of long- fectsis based on the total frequencyd durationof the
term, low-dose exposures on target organs, both exposureprofile. Acuteexposureeffectsarethosethat
subchronic and chronic exposures often focus on the occuraftershogrt-durationmh oncentratioorhigh-
omreofrdn gme tyasthemeasredmpmome potency expo s. This type of exposure usually
A common form of chronic toxicological study is the resultsfromcutaneous contact duringimproperappli-
2-year, rodent-lifetime study. cation or handling of the more potent pesticide prod-

Several additional kinds of evaluations may be ucts. Chronicexposuresoccuroverextended periods,
required for scientists, regulators, and health profes- with theslowaccumulation of the pesticideultimately
slonals to more completely assess potential pesticide resulting in signs or symptoms of exposure Chronic
toxicity. These evaluations include screening tests for poisoning can occur as a result of partial failures of
the in vivo or in vitro changes in genetic material that PPEenoneegc ols,orworkercomplceny. As
could subsequently be associated with possible carci- a result, repeated exposures to dilute or relatively
nogenic sequelae. Of these studies, the most com- nontoxic, but biologically cumulative, pesticide prod-
monly performed screening tool is the Ames test In uctscancausechmnicposonininpesbiodeapplicathw
"this test, the use of a specific strain of histidine-requir- Chronic poisoning" Is not comparable to the term
ing bacteria allows scientists to measure changes in "chronc health effect' The health effects associated
growth and replicative ability of the orgianism after with chroni poisoning may vary between transient,
exposure to the test compound (see also Chapter 9, totally remitting signs or symptoms and permanent,
ExplosivesandPopellants). Asanadjuncextractsof adverse, health sequelae. For example, one who en-
rat liver homogwnate are added to the usual culture joys gardening could suffer exposure to chlordane
media to simulate the hepatic metabolism of the test retained inpeviouslycontamimated soil. Asa result of
material in the "activated" Ames test. the accumulated dose from exposures over time, the

In simplistic terms, positive findings repot from gardener could develop a nonspecific convulsive dis-
the Ames test result from the interaction of genetic order. Correct diagnosis and removal from subse-
material and the test pesticide or its activated prod- quent exposurcould result incomp- trecovery with-
uct. Positive esults are recorded following an in- outadversesequelae Izncomparisonachon•health
creased number of bacterial colonies (geneticaUy al- effect saperssnt.pmosluwm ttingo equence
tered clones) on the test-compound-treated growth of either acute or chronic expomure.
media, when compared with the number oftcolonies Individuals who have adverse effects after either
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acute or chronic exposures are routinely reported in medical surveillance in pesticide-associated workers.
the medical literature in the generic category of "pes- Pesticides that resist biological degradation or have
ticide poisoning" Information gleaned from animal- limited environmental translocation are said to be
toxicity studies must be combined with the reported environmentally persistent; such pesticides can cause
human health effects from pesticide exposure to com- subtle, prolonged human exposures. Theremay beno
pile comprehensive disease prevention and medical known correlation between low-level exposures to
careprograms. Data from bothanimal-toxicitystudles residual pesticide concentrations and known health
and reported human health effects provide clinically effects. However, residual levels of organochlorine
useful information for employee occupational health insecticides that have lowcomparativeacutetoxicities
promotion and symptomatic patient management. have been associated with the onset of seizures in gar-

Management of both asymptomatic, healthy work- deners, and have been predicted to cause an increased
ers and symptomatic, poisoned workers can be specif- risk for carcinogenicity in exposed populations.4
cally tailored for the individual, based on the known Acute and chronic adverse health effects based on
chemical composition and associated toxic effects of the duration of exposure to pesticides have been re-
the pesticides in question. Essential information re- ported in humans. Patients said to be "poisoned" or
lated to biological monitoring, medical surveillmce, "intoxicated" haveadverse clinical signs orsymptoms
patient examination, andmedicalmanagementcanbe following pesticide exposure. Acute poisoning can
recommended and provided using available cumula- result from mixing and applying pesticides, when the
tive data. However, healthcare providers must exer- exposure to relatively high concentrations of the pes-
cise caution when human experiences with the pesti- ticide occurs over a relatively short time. Obviously,
cide products are limited, or when toxicology this type of intoxication is of particular concern to
information is indirectly extrapolated from animal individuals who manufacture, formulate, or apply
data without reference to compound-specific, relative pesticides. Theseare theworkers most likely tobeseen
interspecies variability, with the chronic toxic effects that result from long-

In workers, acute toxic or chronic exposure effects term exposures to relatively small quantities of pesti-
can occur during manufacture, formulation, mixing, cides that produce no apparent acute adverse bio-
or application of pesticide products. If short-term medical effect, but which produce an accumulative,
exposures to high pesticide concentrations occur, the detectable alteration with increasing exposure time.
symptomatic onset of poisoning is usually rapid and Workers who apply pesticides and those in the
easily correlated with the coincident exposure profile. general public who continually experience involun-
In contrast, when relatively low-dose exposures occur tary exposures secondary to environmental contami-
over prolonged perods, the pathophysiological re- nation can have adverse health effects from chronic
sponses from the chroni-exposur profile may be exposure to pesticides. The public may be exposed to
extremely difficult to correlate clinically with pesti- pesticide residues on foods, at work, during recre-
cde-associated sequelae. For example, the etiology of ational activities, and in their homes. Pesticides that
seizure activity associated with acute poisoning dur- ame resistant to environmental degradation may be
ing pesticide application is rather easily identified extremelypersistentandthusmayresultinprolonged
during a cursory history. But the cumulative, chronic exposure potentials. As noted previously, the envi-
retention of pesticide residues may not be recognized ronmental degradation products may varydepending
as the cause of seizures in the gardener who experi- on the specific pesticide and environmental circumn-
ences subtle, prolonged exposures to carbamate stances (such as temperature, soil type, and moisture).
pesticdes during grounds maintenance, but who does As a result, it is not possible to make a generic state-
not display the usual associated acetykholinesterase ment concerning pesticide degradation and the pos-
depression. sW consequen prop•otional environmental toxicity.

Workers associated with pesticide application, the
general population, and the environment can be af- Toxic Categories and Labeling Requirements
fected either acutely or chronically by exposure to
pesticide products or residual products of degrada- When pesticides are registeed with the EPA, they
tion. Chronkbiomedicalresponsestolow-level, lokg- are assigned a toxicity category that indicates the
term exposure profiles may range from no apparent degree of toxicity that has been determined by animal
adverse health impact to overt dinical signs of poison- experimentation and documented instances of human
ing. The possibility ofchronic health impacts resulting poisoning. The toxicity classification includes four
from subtle exposures provides the theoretical and categories (1, 11, 11l, and IV) for ewch of five hazard
philosophical bases for biological monitoring and indicators: three related to the LDs0 associated with
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oral, inhalational, and dermal exposures; and two applied by or under the direct supervision of trained
related to topical eye and skin exposur effects (Table and certified pesticide applicators.
14-4)!' Within these categories, a particular pesticide If medical personnel are aware of the different
may be highly toxic for one hazard indicator, such as requirements forEPA registration and of the spectrum
the oral LD5& while it has only a slight degree of of potential adverse health effects that pesticides can
toxicity by another indicator, such as the dermal LDý& cause, they can provide better medical care to patients
In cases where hazard indicators differ, the most toxic who present with signs and symptoms of possible
hazard indicator determines the official EPA registra- pesticide poisoning. Pesticide labels must include
tion category. medicaly useful i formationsuch as acute toxicology

The EPA also requires the use of signal nxmls (DAN- categorization and a statement of practical poisoning
GER, POISON, WARNING, CAUTION) on labels to treatment. In addition, medical surveillance, patient
indicate the potential hazard of the pesticide. The most examinationand biological monitoringucnbespecifi-
toxic pesticides are classified as Category I and must cally tailored to individuals who may be exposed to
display the signal word DANGER. Additionally, if pesticides, based on the known toxicological effects.
this category isbased on the oraldermal,or inhalation As a result of possible differences in toxicological
LD5& the product label must contain the word POI- responses between species, however, care must be
SON inredon acontrastingbackground,and theskull- exercised when toxicological infcornation is extrapo-
and-crossbones symbol, which is familiar to most lated from the animal model to patients,
adults. Category 11 pesticides are moderately toxicand
are labeled WARNING. Pesticides in Categories Ill Comparative Hazards
and IV are both labeled CAUTION. With few excep-
tions, all pesticides are also labeled, "Keep out of the The differences between oanpoposand
reach of children." organochiorine pesticides can be used to illustrate the

The toxicity classification and corresponding label- comparative levels of hazard and the relative poteni-
ing apply primarily to pesticides on the basis of their tials to cause adverse health effects (Table 14-5). Or-
acute toxicity. If a pesticide is known to cause signifi- ganochlorine insecticides, were used extensively from
cantchronic toxic effects inb -anans (such ascarcinoge- the 1940s through the 1960s because they were highly
niaity or teratogenicity), the pesticide is also sub ject to efficacious and were generally less acuel toxic than
a restrited-use classification, which is noted on the organophosphorus compounds of the same period.
label. This classification requires that the pesticide be The organochilorine derivatives have recently fallen

TABLE 14-4

TOXICITY CATEGORIES AND HAZARD INDICATORS OF PESTICIDES

Toxicity
Catesocy Hazard lIsdicahnr Sipal War-.. anabel

Oral ID, takaL LD56 Deri IDM
NoJDsedption m~Ig ug* w-V V Eye Hazards Skis Etudeh

I Highly c 50 <02 <2M Clw~oiccown"opacity Corrmlv DANG5M
102kno rwtwvvnew"7d M~ON (only if Cat. I

bueJ on OrA Wo, au
and DermuLDqoa

11 Moderately 50-50W 0.2-2 200-2LOW Come.] opaci rmvaite Srme.ta"a W~ARN=
sold w"ti7 d. ritabon at72h

penisbtMfor7d
Mf Skghsly 500-5AD0 2-2D 2.C00-20WW No comrslwopadty haeaemk CAUTION

t1l0* Iritaios reversible i72 h
%*4hn2 h

IV PrWactcly 5X0 >.2D >20,fl0 No irrtation Mild ordaght CAUTION
MAO*IrrIttIn at72h

Numbens lastd ppy to thw pure rabswm"c only; dilutiaos may be corsiderably ku boxk

4%



Pesticides

TABLE 14-5 stituted because of their more rapid environtmental

SELECTED PESTICIDES: biodegradation and increasing availability. Later, se-

ACUTE LOMLu-Y LEVELS IN RATS lected carbanate pesticides, which were less pers-
tent and more specific against the targeted pests, were

Acute..... Leh..y. substituted for many of the organophosphorus com-

Pedfticik (mg/kg OWa WD) pounds.

O k Hazard as a Function of Toxicity

DDT (powder) 500-2500 The toxicity of a pesticide is not synonymous with
Undane 88-200 the hazard associated with use of the chemical The

Chlordane 150-700 hazard involved in the application of a pesticide is a

AldrD 10-74 result of the interactions among three elements: toxic-
ity, exposure, and time. This relationshipisexpressed

Oby the equ•ton

Scrad&n 9-42 Hazard = Toxicity 9 Exposure * Tune
Pamthklo 3-30 wherehozadis the risk of pesticide poisoning toxkity
Didikxvos 46-80 is a measure of the pesticide's potential for hurm,

exp.s... is a multivariate function, and tine is associ-
Sjsrc: U) Srh AG; Chb ad hydoubi imctidd. h: ated with the cumulative dose.* In addition to time,
Has WJJr, Laws StJr, edL r�.d ** 'Paik To"wiw. New the exposure dosageisdependent or the physical state
Vo•,k Acadme.kPr.Hw nud awlauvaich.1,99;ChaP1M.Q) of the pesticide formulation, application technique,
GJorA.tAwSI N.O 1ntmok*Twrowky. ewrWI and degree of personal protection. The cumulativeJr, LmeaER Jr,t&' 1,s 1vfmdx Ptstks&ThnJ. NmvYokAcrP-

dmk Pftu. Haiowrt Drwjoyaxwid 1"1 Chip 16, association between the exposure concentration and
the duration of the exposure is often called the exp-
suredosageand isexpressedbytheabbrevlationCt(ie,.

into didavor, however, because of theirpersistence in cowncatim *e tie). fany of the three variableson the
the environment, tendency for bioaumulation with- right side of the equation equal zero, the hazard also
in the food dain, tendency to accumulate in human equals zero.
tissues, and possiblepotential tocause human carino- Although a pesticide's toxicity can neveractualy be
genicity. Commonly used organochiorine pesticides zero, selection of an appropriate formulation can re-
of the early periods of production and use included ducethemassodated hazard. Toxicitycanbedecreased
DOT, lindane, aldrin, and chordane. by selecting a pesticide with (a) a lower dermal toxki-

An example of the perceived safety of the organo- ity, (b) a less toxk formulation, and (c) a lowerconcen-
chlorine class of pesticides is demonstrated by the tration for application. As a practical example, a rela-
large number of scientific studies directed toward the tively toxic pesticide could represent a diminished
evaluationof DDTphannaokineticsafteroraladmin- hazard if it is applied in a very dilute form or in a
istrationinhunuans. DDTwasadministeredtohealthy formulation that restricts its skin bsorption poential.
human volunteers in single doses as high as 1,500 mg It is possible to reduce the hazard of application,
and, in sepate studies, epetitive doses of 35 g/ basend on the hazard equation. in several prata
pemmon/day for 18 months. ways. For example, a pesticide applicator coul elect

In contrast, many of the ealy o tosubstitutemalathionforparathioninaneradication
compoundswerefoundtobehighlytoxicduring acute effort. As another example, the use of appropriate
expoum. Some were produced as weaponsbyvera engineeri controls or PPE would serve to decrease
countries as nerve agvnts, a class of chemical warfare the epour and, therfore, diminish the hazar.
gases. Despite theirdemonstrated potency, several of The physical stateofapesticde's formulationinflu-
the early or-nopospionus compounds were devel- ences the deSree of zard amociated with its use. In
oped and used as medications for treatment of generl, solidsareless hzardous"tllquids, liquid
myasthenia gravis and glaucoma. When the envi- emulsifiable concentrates are probably the most
ronmmntal persistence and the possibility of adverse, widely used formulations, but these can pose sgnift-
cumulativetoxiityof theoldl compounds cant hazardsdue to thehighly flammablesolvents that
were recognized, however, their use fell into disfavor. may be in the product. The presence of solvents may
Lem toxic organophophorus compounds were sub. result in an Wmnead potential fordernal absorption
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Of the liquid formulations, solutions penetrate skin mammalian LDs0 the safer the product may be for
more readily than suspensions." humans, while the lower the LDSO for a pest species,

The exposure potential and correlated hazard po- the less active ingredient may be required to control
tential are related to both the physical state of the thepest. Althoughtoxicity/efficacy ratios providean
pesticide formulation and the application technique indication of relative hazards, they do not provide
employed. To minimize the hazard potential, the infornationontheeffectivenessofthepesticideagainst
techniques and equipment should allow the pesticide the pest in the field.
to be directed as accurately as possible at the p"st and Other factors that influence the level of control that
should minimize the pesticide's unwanted drift or is achieved for a specific pest population include the
movement, pest's resistance to the pesticide, the application tech-

Indoor pesticide applications present greater expo- niques, and the type of surfaces treated. For example,
sure potentials to both the applicator and the occu- military use of the pesticide d-phenothrin was ser-
pants. Pesticides that are considered extremely haz- ously hampered when cockroach resistance to this
ardous should not be used indoors, especially if the pesticide was found. The application of pesticides to
product label does not contain the indoor application cracks and crevices, rather than broad baseboard treat-
site. ments, has been found to be more effective because

the pesticide is placed in locations where the pest
Pesticide Selection is more likely to be found. Some surfaces such as

wood, concrete or surfaces painted with latex paint
While efficacy isa majorconsideration in the selec- may absorb the pesticide application, reducing the

tion of a pesticide, selection should be influenced amount of surfacepesticideavailable when contacted
equally by the inherent hazard, of which the acute by the pest.
toxicity of the active ingredient plays an important Although oral and inhalational toxicities may be
role. One simple method to evaluate the suitability of significant, dermal absorption may represent a more
several pesticides is to compare the ratio of mamma- signfiant hazard to those whoapply pesticides. Care-
liantopest toxicity. Thehighertheratioof theLD50for ful selection by comparing the dermal toxicities of
a mammal, such as a rat, and the lower the LDso for a selected pesticides and calculating dermal toxicity
given pest, such as a German cockroach, thelower the versus efficacy ratios may be helpful in keeping the
potential hazard for humn-is. That is, the higher the applicators safe.

EXPOSURE EPIDEMIOLOGY

Thereare no published epidemiological data about or symptoms caused by pesticide exposure (the nu-
pesticide exposures resulting from military applica- merator) would be compared to the total number of
tions. Because of the federal regulatory requirements, individuals with pesticide exposure (the denomina-
however, civilian and military applications of pesti- tor). Uncertaintiesthat couldinfluencethenumerator
cides are similar, therefore, data accumulated through include physiological diffemnces among patiens, fabl
civilian reports may represent potential qualitative ure of minimally or mildly symptomatic patients to
health effects in military applications. seek healthcare, failure of medical personnel to report

The requirements for reporting medical data are all pestdde-assoated illnesses, and the possibility
stringent in California, especially for worker's com. that the etiology of a presumed pesticide-assocated
pensation: health-effects data from patients with sus- ilness is inaccurately assigned.
pected acute pesticide poisonings have been collected Even if technically flawed for stict scientific ex-
andieort formorethan4Oyears.s Asaresult ofthe trapolation, the California epidendological data pro-
increasinglystingent medicalrepotingrequirements, vide valuable insights into the magnitude of potential
these data may be the best quaptitative source on pesticdeexxures andthe subsequenhealtheflects.
which to base estimates of the potential for symptom- Another Indcatorof the widespread potential for pes-
atic human pesticide exposures, both occupational tidde exposure (and the subsequent health effects) is
and nonoccupational. The epiderniokogical value of the quantity sold: 266,749,526 kg of pesticides were
the data Is compromised (degradedi, however, by a sold in Califora in 1968.:'1 TheSibs&iS#reAts
number of factors that influence the adequacy of the for 1M89 estimates that the population of California
data coilectlmo. In an uncompromised quanitatlve was 28,314,O00 in 19M; therefore, pesticide use would
ratio, the number of pat-iets who demonstrated signs have approximated 9.5 kgofpestidde per Califort.an.
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Of these quantities, approximately 49% were used in several hundred registered products identified, the
agriculture, 17% in the homeorgarden, 19% in indus- most serious poisonings were reported from expo-
try, and 13% in institutions within the state. The U.S. sures to the cholinesterase inhibitors and methyl bro-
Census of Agriculture for 1987 estimates that about 31 mideY" The organophosphate insecticide parathion
million acres were available for agricultural use in was the most frequently reported pesticide correlated
California in 1988. Ifall the purchased pesticides in the with systemic poisonings (n=90) in California in data
state were applied on agricultural land within its reported for the years 1982 through 1986; these data
borders, approximately 8.7 kg would have been ap- are similar to those reported in 1950. Mevinphos
plied per agricultural acre. (n=58), methomyl (n=51), methamidophos (n=44),

The earliest summary of information that provides methyl bromide (n=32), sulfur (n=28), dimethoate
insight into the epidemiology of pesticide poisonings (n=27), dinitrophenol (n=25), methidathion (n=22),
was collated in 1950. In that year, a to',al of 293casesoc ard malathion (n=20) were the next-most-commonly
reported occupational diseases were associated with reported compounds."
agricultrualchemicals." Unfortunately, absolutenum- The American Association of Poron Control Cen-
bers, rather than incidence rates, of poisonings were ters reported 1,581,540 human poison exposures in
reported. For 1950, in California, the profile of the 1989. With respect to the poisonings caused by pesti-
leading causes of pesticides poisoning was parathion cides, insecticides were the most commonly reported
(n=52), DUr (n=27), sulfur (n=21), arsenic (n--9), nico- class with regard to the frequency of poisoning report,
tine (n=8), and tetraethyl pyrophosphate (n=6). number of patients treated in healthcare facilities,

The introduction of about 500 new EPA-registered number of symptomatic patients, and number of pa-
pesticides between 1949 and 1970, associated with tient lethalities (n=12). Of the insecticides, organo-
morecarefully regulated usepractices and withdrawal phosphates were by far the most commonly reported
of registration for some compounds, resulted in a poisots in all age groups and were associated with
change in the exposure profile. In 1987, approximately seven of the reported deaths. Arsenicals, the next-
17,W00 pesticide poisonings were reported in Califor- most-implicated class of pesticides, wert associated
tiua;of these, 1,507 were occupational illnesses. Of the with three deaths. 3

PHARMACOLOGY OF FES7ICIDES USED BY THE MIUTARY

Like other chemicals, pesticides can be categorized Information concerning the pharmacology of pesti-
a variety of ways. The characteristics pesticides are cides and the medical management of poisonings ac-
most commonly used for are (a) mechanism of action cumulates exponentially. Consequently, most mili-
(eg, the cholinesterase-inhibiting substances); (b) taryerergency rooinssubscrnbe toinformation sources
chemical composition (eg, the chlorinated hydrocar- such as the POISONDEX Inforaation System." Infor-
bons); (c) target pest classes (eg, the rodenticides); and mation co ipiled from this source is thebasis for much
(d) source of derivation (eg, the botanical extracts). of the management practices that follow. The three-
Although the pharmacology of pesticides is not mili- volume Hand b•k of Pesticide Toxikologr published in
tarily unique, medical officers need to be familiar with 1991, thoroughly reviews the current, scientific litera-

ture related to general pesticide toxicology.'s Addi-
- the classes of pesticides most frequently used tional sources of information concerning pesticide

by the military, toxicity and the emergency medical response to poi-
- their mechanisms of toxicity, soning include
* the manifestations of acute poisoning,
* the anidole, reversal, or therapeuticiirevenkim * locaj poison control centers;
e the biological monitors and surveillance pa- * the EPA publication Recognihon d Ma•ge-

rameters, and ment of Pesticde Poisonings, which provides
e the potential long-term effects. valuable information for emergency manage-

mentof a wide range ofpesticideintoxications;
Table 14-6 stmmarizes these aspects of the follow- e the National Pesticide Telecommunications

ing pesticide classes: organophosp& tes, carbamates, Network (the telephone number is 14800-858-
chloinated hydrocarbons, anticoagt -ants, boric acid, 7378); and
andthepyrethroids. Thischaptertreis only themajor # the DoD Pesticide Hot Line (thl telephone
pesticides that are used by the military. number is 1.410671-3773)..'"
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TABLE 14

MECHANISIMS OF ACflON AND RECOMMENED MEDICAL MANAGEMENT OF SELECTED
MSICJE CLASSES

Chem*ica Claw. Mechasism of Action Manife~iatns of Acue* folsnmia

OrganopOsphlate Cbhwlnsaemehdhitokkmphospborylatio Muscarinic, nicotinic, and CNS

CArbarnate Chotuifnesterafeihbtion, carbamylation Muscarinic, nicotinic, and CNS
Gapidly reversible without agn)effecs

Chlorinated hydrocarbon Na., K, CA channels Highly variable nonspecific:
Chlorinated ethane derivative psychological. sensory, coo

(eg, DDt

Chlorinated cyciodiene. CMS stimulatioin (Inasinitter "elease at Convulsions
leg.dieldin) synapse)

AnticoaguLant (rodenticide Antimetabollies of vitamin X Internal hemnoifhag
bait) Prolonged -WM~ tim%

depresed levels of iatrsI
(prothnunbin)VU. IX.

Pyrethroid (repeilants, Delayed closue of Na channels Sicin irritatimn aflersy
insecticides) Eye irrationallergy

ParestheiwM emr

hncoordinatuon

Boric acid (roach control) MeW~tablcaddosis Nausea, vondtin diarrhea, anuria.
Bectoyt bnormalities i~c~lt mbola~m tremmn

progressing todesquamation

1 1 Inec~ciesThe tomaties.of theise hfttiddes vay wid* de-
pendingoterrouteofabsorptiom cuoia

Mdiia~y application of Inseticdes are usuAly re- Interactions afterabsomption degree ofmetabollcdeg-
strictetoselectedotaophospi t Wwldudingdhlor- radation, degree of rewisible enzymatic bbindi& aNd
pynos~uffitdiazinn~ndaavthdionandcarti- rate of evIcetkouL Although these insecticides Cam &Ws
mnates (Incuding aldkarb, propoxurr, anid cntbazyI), be absorbed via ihdalation or Ingstmon, mst omcp*-
which ame diolinesterase hInhbtors, and organochlo- tional effects have bern repaorted folloving denna
ries and borate derivatives, which are discussed later evcposueL
in ths chapter. Organo5pbosf hte andcabamatelnsctiides exer



ftskiies

Antd"t, kvmnalBelcammo

Atropine (antidote) ROC a ih3' -gl-ra- (AChE), (detectbleacute or Delayed neuropathy porsible
2-PAM a (revenal) chronic dIremenIaI dunce fom individual baseline) Possible neuwotoxlc - IeP se
Anficovuhant P~wma clintrase(dewted~eacte deaemenW effec

Atropine (antidobe) ROC AChE (possible short-terv, acute depresslo None reprte
2-PAM Cl cwrnrwATE usually near normal level)

No knownantidote Specific chemical analysis posowlek standard levels Vioe miulation in 1Wpi
unknown, reslts related to known socic resomue tissue
case eot

Envitoowntalperssec

Anficorwulsant Cbesnial eposides in some came Plossibe arcinogmnieis

enhance biliary excretion of
scew compounds)

Vi ,i h w m u Produroibin time Wadazin repot ' raogud

fresh blood for bleeding

Topical corticvosterods None repocted Plosilblecarcinogenesis;
Topical therafy
Vit. E oi for parestihesa
AntillI tam - occasioally
t n-chodilatmorsko troids

No known antidote

"Sy of ipeca for acute Serum borale level (mg/L blood) (0-72 =normal; No direct sequela emporte
Indiestion (diarnal riot < 340 zng/L rarely shows toxic effect)
edficadous)

Andconluant, monitor EKG,
FlUi m~avaunent dialysis
Topical sknthemapy

thei phrmaclog~l Iflunces; as a result of thei effort by pesticide producer to deevelop safer, more
Iniiinof a famil of dholkjetease erzymes in eficousproducthaveresuled in adedloelnlxth

various tmses. There ame dear toxciclogical sknsilanl- toxicity and the =ýnumesofhumanpolsosIngaud-
ties between both dasme of dwolnesteras Inhibitrs ated with these dimmicals. As a group, the reedy
but thereareaW solnificantdlfferenesbetweenthelr availability, widespread use, ad Meatively tcoki a*-
Plsamacdynan*hvteradltowwantherecommnwed ture of fte cholIesteras Inhilitors AMi mm ia rmin-

medical therpeutic manaogements. Regulaor cow- ber of huama ftaitdies annuAiy W?
trols introduced by the EPA, reate awareness of the To review, an enzymne is a proteln molecule that
associated hazards. by apphicators, and an bntesive induces chemnical changes in another molecule with-
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out being changed itseff; theefo, an enzyme is a forma moleculeofdclneadanacylatedenzyme.
catalyst The substrate is the molecule on which the Theacetybtedenzymeumd a hydro reacti,
enzyme exerts an influence and that is changed to rnleasirgacetate adregenerang the active enzyme.
generate the enzymatic reaction product. For ex- Cholinesr h iee
ample, the enzyme acetykcholin'esterase catalyzes the bind with cholinesterase enzymes, and as a conse-
hydrolytic chemical conversion of the neurotransmit- quence, cause interference with the normal enzymatic
teracetyklholine. An inhibitor isa chemical that con- activity. This causes acetylcholine, the substance re-
peteswithorprohibitstheenzymaticintectionwith sponsible for impulse trannission, to accumulate.
the substrate. Many enzymes are named on the basis Poisoning occurs in exposed humans because of inter-
of the customary substrate or chracteistc chemical actions between the inhibitors and the enzyme within
reaction type, followed by the terminal identifier -ase. central and peripheral choinergicsynapsesand within
For example, the enyme acetyicholirsesteras cat- myoneural junctions. As a consequence of its furc-
lyzes the hydrolytic chemical conversion of the neuro- tional activity, this enzyme controls nerveimpulse
transmitter acetyichofie transmission from nerve fibers to autonomic ganglia,

Cholinesterase enzymes are widely distributed muscle, glandular cells, and other nerve cells within
within the body. They are localized within numeru the central nervous system (CNS). Should an indi-
tissues, fluids, and cells induding heart muscle, dco- vidual be etp toasuffcientdoseofdhoeserase
linergic synapses, myoneural junctions, plasma, and mnhlbitorsnthelossoftheenzytefuncnresultsinthe
erythrocytes. Although a number of different cho- accumultionofacetylcholineatthedhoergicrecep-
linesterase enzymes are known to be distributed tor sites. The pathophysiological response to
through the body, this discussion will focus specifi-
canyon theenzym eacetycihonzterase thechnines-
terase enzyme h assocated with the
erythrocyte. A different enzyme of the dholinesterase MOMS EIcSmms

esterse),ins f nt herlasaofaction of wholeblood. Although the chemical substrate interactions

and substrate degradation meclhnisms are similar a
between these two types of cholinesterase enzymes,
they differ with respect to their prefere sibstrate,
rate of enzymaticactivity, siteof production, and rate 0l P\/H
of regeneration after poisoning. These differences will $cH-C C-C-N4 + aI-
be discussed later in this chapter. with reference toV 4 Ný

pe esticide poison ncmedical ani-
a t, and occupational surveillance. A Ae4hkw Ctor nd

To catlyze the hydrolysis of acetylcholine, is pre-
ferred natural substrate, the acetyholinestera pro- Ank s EsocSM
tein molecule utilIzes a specific, selective binding.site
(Figure 14-3). Theacetykholinebinbdintgsite is thought H0
been identified on the enzymne molecule." A nega-+

tivelydiarged aninic site of the enzyme is believed to MS+P' 2
attract and form an electrostatic bond with the posi-
tively charged nitrogen atom of the choline molecule
of the transmitter acetylcholine. The ionkc bond, and
econdary attractions between the methyl groups of

the choline moet., and surface of the enzyme mol- CE4* nw bi•aCIO
ecule appear to be prerequisites to the bond formedbetween the p~rotonated acidic carbxnyl of• the .Z-"nedigas t m • oth
acetyikholine etrm olecukeat wetheemtwste." lnthe aO'"Y'•() ml ma mbm
process of actylation, a covalent linkage forms be- ftioTheelctiord an- *isteoheace w hutewe

twen ithe transmitter and enzyme at the esteratic site molecule is rpesewnmd as a eptiel dimara the
of the enzyme. Under normal metabolic conditions, serhie ridue at the estrak she is represeed in the hp-
the enzyme-substrate complex rapidly dissociates to droxylWd Ame.
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unimpeded overstimulation of neuromuscular tissues Me•taxism of Adom Much of the toxicological
byacetylcholineismanfestedbyaspectrumofpoten- information concerning the mechanism of action of
tial medical signs and symptoms related to the degree orpnophosphates has been gined through study of
of poisoning. While dear toxicological similaitiesare the more toxic chemicals such as the nerve agents and
demonstrable between the oranophosphate and car- parathion.
bamate insecticides, there are significant differences Organophosphate insecticides interact with the
between the pharmacodynamic interactions and rec- esteiatc site of the acetylcholinesterase enryme mol-
ommended medical therapeutic management ecule by the process of phosphorylatio. The interac-

tion, and subsequent chemical events that may occur
Organpk0ospkafse between the enzyme an insecticide inhibitor, can be

shown by the equation:
Thefirtorganophospbate pesticidethehighly toxic EOH + IL <-> fEOHAILI -> L" + H + EOI ->

compound tetraethyl pyrophosphate M , was in- £E01++L"
troduced as an insecticide in 1939, although it was
initiallydiemxally synthesized md identified im1894. where EOH represents the enzyme, XL represents the
Closely related, highly toxic compounds later dassi- pes&ile, EOHflLlrepresestherveieenzyme-
fled asnerveagentsweremenfdurngattemptsto insecticide complex, V represents the leaving group,
synthesize alternative pesticides and were secretly H represents the hydroge ion, EOI represents the
produced inGermayduring Word War IL Although phosphorylated or carbamylated enzyme, and r rep-
they were never used as insecticides, warfare nerve reentsthepesideremnantthatremainsafterhydro-
gases such as tabun and soman were produced in lyic dephosphorylation or decarbamylation has oc-
substantial quantities and stored for possile use dur- curred.
ing thewar. Thepartnezrsipbetween applied toxicol- Hepatic metabolic activity may influence ora-
ogyandthedemcalpestiddeindusryhasreudtedin phosphate pesticide activity as a result of pesticde
the production and use of safer, more specific orano- degrdtlon, activation, orboth.& In addition to the
phosphate pesticides for the trget pest. enzymaticdegradationoforganopo atepesticides

many 0anhospha pesticides have been de- through the acetylconsterase pathway, hepatic
veoped, but those most commonly used for military metabolization of organophosphate insecticides is
applicaiomaredopyfos,dazl, oanmalathio sometimes important in pesticide detoxification. En-
G(abLe 14-7)?. Parathion is occasionally used; how- zymes that perform phase I metabolic activation in
ever, the EPA has currently been mvwing its regis- the liver-through hydrolysis, oxidation, or reduction
tration. Asa result of the interne scrutiny, the registra- oftheparent i .deareprimarilylocalized with-
tioofparathionmightbeevised bythe•mafacturer inthehepatocyteendoplasnic reticulwn. Hydrolytic,
with EPA approval, or revoked or revised by the EPA. oxidation, or reduction rates and the types of meta-

Rogte f Eposure. Most organophosphateinsecti- bolic products vary, depending on the particular pes-
cides are readily absorbed by all routes of expsum ticide. With some insecticides, breakdown may be
Intentional ingestion of pesticide products is a com- sufficiently slow that temporary storage of the pesti-
monly reported form of attempted suicide. Therefore, cide can occurin body fat. Withotherinsecticides(eg,
much of the information on medical management of parathion, chlopyrifos, and malathion), the metabo-
or1VnophoAPhate poisoning is derived from suicide fites of hepatic enzymatic pathways are more potent
attempts. Military scientific and medical experiences than the parent compound (the marketed pesticide).
with the chemically similar nerve agent war gases For example, the hepatic metabolites paraoxon and
have resulted in substantial contributions in the basic malaoxon cause much m pronounced toxk (cho-
scientific literature and accumulauted medical know- linestera inhibitory) effects than those produced by
edge concerning or-no o hte`= pesticides. the parent compound." For those compounds that

While some compounds such as mevinphos are are metabolicaly activated by the liver (including
more toxic when the xp route is dermalmostof parathfion malathion, and chiorpyrifos), the orset of
thes compounds are more toxic if they are hested. sismandsymptomsmaybe deayed forsevnl hours
Some of the compounds, such as trichlorfon and after exposure because the actual tkicity is almost
diazinoo, ar soveralfo• d more toxic if inested or Us due to its metabolic product, an oxygen
inhaled than if they absorbed through the skin, analog.
Chiorpyrifos and malathion are readily absorbed and IU the chenical rection of the phosphorylated dro-
maymanfestequallytoxlceffectsasaresultofcutane- linesterase enzyme complex (0od results in hydro-
ous conct, inhaltion, and ingestion." lytic dealkylation rather than dephosphoylation, an
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I-reverslble enzyme-ehosphate product (phosphoryl minutes. Other selected Oiranophosphate-enzyme
adduct)isgenerate•. Asaresult, theenzymecannot complexes may be rectivated 1 or 2 days after initial
be regenerated and remains inactivated; that is, it is bindin& The aged acetykholinesterase assodated
saidtobecomeaged , Thereactiot can beshownby the with eythrocytes in the peripheral circulation is or-
equation; mallyrgeneratedonlyaszconsquenoeofeythocyte

EOI -> alkyl group product + phosphoryl adduct

For example, in the enzymatc reaction with the or-
ganophosphate diisopropyl fluorephosphate (DMP, C
the bni"a enzymie-DIFP com plex releases its lea ing+
group (fluoride) as a result of the hydrolytic reactin -The recto resuts in the genration of the phorpl*
rylai rdc a, diiso olpl ho zyme
complex and hydrofluoric acid. Subseent hydro- P |
lytic dephosphorylation of the phosphorylated en-
zyme complex results in the release of a phosphoric

add edvfmdiiscopropipopae, and heoeg

phoxylnzyne complex, an alternative degradation ( I OH +
pathway through hydrolti dealkylabon is powl*leP
As a consequem the concentration of the enzyme- o
oisoprol phosphatecomplex(theagedernzym)

risesfollowing~fexposure. The rateof organophos- Ero
phatevnzyme detoxification by hydrolytic dephos-
phorylatimon and reltant actie enzyme regeneration
strosigl depends on the type of --a-- hspiou
inhitor involved. (In conbrast, as a dLass, carbamate
inecftidesanconsidred repeasib•hb • U socho-
linestarase and are not associated with agn.M)

Parathion is another organophospc e insecticide
that ages the cholinesterase molecule (Figure 14-4). o 0
During the converon process, paration is metabo- o"o\, ! I •C"

lized to the active cholineseae inhbit~or, paraoxacr.
by desulfaration within the eodoplasin ieticulu0.
ParAxo• •ts with theestnatsiteofdwoflestra
by phosphowylation. As a result of dearylation, p. (AWCu,,
niftophenol is released as the leaving group from the
Initial, transient enzyme-inse de cmplex. After +M,
deazlation, the phosphorylated-enrm complex is
very stb& with only limited subsequent hydrolysis
to regenerate the active enzyme and release diethyl
phosphate. Most of the phosphowylated complex is
slowly converted to the extremely stable (aged) O /O

4tlwlosstA atev.nzymeadducby/dea."IadoM I + HO-/

Reactivation of a phosphoylae enzyme is pos- EIU kolCr
sibe using oxime therapy However, rectivation of 0
the aged enzyme-phosphorylated adduct complex is Opwfn
not possble and is, therefomz refractory to owie
therapy. The rate of pesficide-ernzye complex aging F*4CIe"dMames'rMO
depends on the specific oRganohospbat~e Inhibftor ~ Weoat M O&MTem Mt
involved. For examle, the ne " ag sonan rapidly bewm j 2 -- m% the aW d vu-o of pars.

the enzyme becomes aged within seconds to a few Sregm abooac ,%watasiowerate.
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production and replaement in the circulation. Con- posures to the organophosphate insecticides may be
sistent with the life span of the mature erythrocyte, slowly reversible or remain irreversible, associated
regeneration of eryttuecyte-associated aged acetyl- with axonal degeneration. A delayed onset, mixed
cholinesterase occurs at a rate of about I% per day. sensory-motor peripheral neuropathy has been re-

Chbrpyfifos. Chlorpyrifos is one of thesaf er eogano- ported, with onset between 6 and 21 days after mala-
phosphorus insecticides. When sufficient doses are thion exposure. After malathion exposures, recovery
absorbed to elicit a toxic response, however, from the delayed neuropathy may be slow or incom-
chlorpyrifos produces clinical effects in humans that plete. After diazanon exposures, sensory-motor pe-
are indistinguishable from other organophosphors ripheral neuropathy has occurred; however, the onset
compounds. in. contrast to many organophosphate of the neurological abnormalities ma) be delayed for
insecticides,cddorpyrifosisanactiveinhdbitorofplasma severalweeks. Recovery maybeslow orincomplete."'
cholinesterase, but is characterized asonlya moderate Orga'ophosphorus ester-induced delayed neuro-
inthibiw of the erythocyte-associated enzyme. As a toxicity (OPIDN) is the classical clinical syndrome
result, normalexposurecausesselectivedepresionof associated with organophosphate mnsectides. The
chohnesterase activity in the plasma rather than in early clinical description of OPIDN was associated
erythrocytes. Depression of erythwroc ynye •ev- with workplace exposures to tri-imfo cresol phos-
els is often seen. however, when systemic effects are phate. The clinical findings of OPIDN indude a rap-
dinically apparent." idly progressive paralysis of the lower and upper

Wheaigestedbyhumans,oraldoesofhlopyrifos extremities with limited recovery. Thecdassealpatho-
of 003mg/kgfday had nodetectableeffecton plasma logical lesion occurs within the CNS and peripheral
cholinesterase (also called pseudocholinesterase) yev- nervous system (PNS) and is characterized as axonal
els. Enzyme depressio (inhibition) of 70% has been degeneration and demyelinization of the long motor
reported to cause only mild symptoms in some cases. and sensory neurons. (The adult female hen is the
Human subjectswho ingested 0.1 mgofchlorpyrifos/ preferd and accepted scientific standard model for
kg/day for 4 weeks were found to have statistically the study of neurotoxic effect.) Neurotoxic esterase
significant decreases in plasma cholinesterase. Pest- hasbeenreported to be the putative target of OIPDN.
control operators who were exposed to 8-our time- The enzyme 2",3"-cyclic nucleobde 3-phosphohy-
weighted average (IWA) exposures of 27.6 mg of drolase (CNPase) has recently been reported asasen-
corpyrft/m3 ofair revealed significant inhibition sitive indicator of myelin loss, and may be a sensitive
of plasma acetylcholinesterase when compared with idicator for OP.DNJF
age- and sex-matched controls; however, they had no Chlorpyrifos exposure did not result in teratogenic
clinical signs or symptoms of exposure." or fertility effects in the rat. Chiorpyrifos demon.

InfonnatonreltedtochroncneurooiWsequele strated no carcinogenic potential foUowfng chronic
of chlorpyifos exposure in humans is limited. An administration in studies using rats and mke. No
adult male ingested 300 mg/kg of chlorpyrifos. He changes in microbial mutation or sister chromatid
exhiubited varying degrees of severity of choinergic exchanges have been reported followingchorrynifs
signs for more than 2 weeks. Although his e.ectro- exposures. Semenqualitychange havebeenr rted
physiolgia studies of peripheral nervous fum,"i in bulls exposed to chop= = s'
were reportedly normal I month after ingestion, his Parathion. In a human dose-response study, adults
neurotoxic esterase dymphocytv neuropathy taret who consured more than 6 mg of parathion per day
esterase, NTE) was approximately 60% inhibited, for 30 days had some decrement in cholnesterase
About 2 weeks later, the patient complained of level. Several individuals who consumed more than
paresthesiaand low extremityweakness. Aclinical 7.5 mng for 16 days had eaythrocyte cholinesterase
examination and laboratory evaluation demonstrated levels inhibited to 50% and 52% of pretest levels. No
classical findings of delayed axonal peripheral adverse signs or symptoms were noted in any of the
neumpathy." studysubjects. Inaseparatestudya total dailydosage

Delayedneurotoxicity has been repot following of •.M mg/kg of pa-athion resulted in depresion of
lorfosadithfistrationinthestandardhenamsay; both erythrocyte cholinesterase (16% decreae) and

however, the effects were reported to be reversible." plasma cholinesterase (33% decreme) levelscompared
Delayed neurotoxicity was not seen folowing admin- tobaselinevalues. The no-effectdalydoseof(parton
istrationinthemousemodel"4 However, it is the hen, administredtoadultswasbetween0 n, ld0.078 mg/
not the mouse, that is considered to be the standard kgwhen administered over timedurationsbetween 25
assay of neurotoxic effect.' and 70 days. The acute dome that could be lethal in an

The delayed CNS neuropathy following acute ex- adult has been estimated to be 12D mg.'4
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Parathion has been shown to be fetotoxic, but not The estimated fatal oral dose exceeds 70 mg/kg.'
teratogenic, in laboratory studies. However, methyl Malathion hasbeen reported to causemild sidn and
parathion has been associated with human bith defects, upper-respiratory irritation in humans, ard repetitive
Although parathion has demonstrated effects of pos- exposures have been reported tocauseallerglccutane-
siblegenotoxidtyinrodents(induced DNAalterations) ous sensitization. Acase of transient renal aysfuntion
and in vitro studies (Ames and sister chromatid ex- secondary to a malathion-induced, immune-complex
diaWeassays), it is not considered to be axW nim-" nephropahy has be. n report."

DizAno. In contrast to parathion, the estimated Malathion exposure has been studied in human
adult oral fatal dose for diazinon is approximately 25 lymphoid cell culture. An increase in sister chromatid
g. In addition to cholinesterase inhibition, increased exchange was noted with increasing doses of cellular
pthroaibin time has been reported with both mala- exposure. Metabolicactivation withlivr'homeognte
thion and diazinon eqxosure. had no demonstrable effect on the exchange. At the

Makthion. Manifestations rtlated to the degree of highest dosage, cytotoxicity was demonstrated by the
acute toxic response seen after malathion exposure loss of approximately 50% of the cultured cells. A
depend on the total dose absorbed, manner of expo- study of malathion-intoxicated individuals identified
sure,and duration of theexposure profile. The toxicity an increased frequency of chron•atid breaks and un-
ofmalathion is probably due to its tab oxldation stablestructural chromosomal aberrations. However,
to ualaoxon, which has been estimated to be approxi- a causal association could not be demonstrated."
mately I1,0-fold more potent than malathion itself as Sign exd Syymptoms of Itoxication Clinical signs
a cholinesterase inbitor. The cholinergfc toxcity is and symptoms of organophosphate insecticide poi-
regarded as the principle hazard associated with exqo- soning depend on the typeand exposu dosage of the
sure. Malathion and its metabolites appear to affect chemical pesticide involved and are usually reported
both erithrovye cholinesteras and serum butyryl- within several hours of exposure (table 14-8). The
choline esterase enzymes. Malathion has relatively low asympomuatic individual may have cholineterase
acute toxicity: an oral dose of 24 mg/day was required depression. Clinical signs of exposure vary frm lim-
todepresscholinesteraseactivitiesinadult volunteers. ited local effects to severe systemic effects such as coima.

TABLE 144

SIGNS AND SYNWM7IMS Of ORGANOWHiOSAPj •M] POISONING

Visual Dimnm of vism bhuring of viso, unilteral or bilateral miosi

Respiratory Rhbirihk breathing difficulty. cough, tightness of chest, Inxochoom ts hcred
bronchia sec.retos whef

CARdiovascula radycadi% systen* hypotension, atri or ventricular ar•-tr.mnla
Gasbroibest" Salivation, augas vonfig diarrhea invountamy defecation

Cutaneous Sweating

cw_ý ý Freuerd. invalw iny r on

Nmwtltk&Yn ddk "d UMiunNd

PM*W6Wgia NPipherii vascnsw~trictiy.cdawdia hypertension, hyperglycerr&

Muscoo t (sriated) Localiued orSenmezd faxiculatio respiratory Insufficiency or pmralysm weaknew
crain • di

CSt, amwcitddcfnCNS ~~~Armiety. Okdinesw re~enss.m hadachremoinal labilyowessivdressdin nighunaum
conifusiop trmor. aulda, coma., ep ýdepresson.cyanoss.hypokrkiconwk
sknu apnee
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Signs and synptoms of acute cholinesterase inhibi- ceptor stimulation, which overrides the bradycardic
tionandsubsequentcholinergicintoxicationarehighly effects of muscarinic stimulation, may be observed.
dose dependent. Direct skin contact can cause local Thenicotinicreceptorsof theCNSappear tobeimpor-
fasciculation or sweating without other effect. Simi- tant in nicotine dependence;, headaches, paresthesia,
lady, local ocular exposure to an organophosphate and tirednesshavebeenreported withnicotineadmin-
insecticide aerosol may cause unilateral or bilateral istration." Other nicotinic actions on the CNS cause
miosis without systemic manifestations." tremor,convuionsinitialrespiratorystimulationfol-

The systemic effects of this group of pesticides are lowed by respiratory depression, and vomiting (the
the (a) muscarinic, (b) nicotinic, and (c) the combined, latter action being caused by direct action on the area
more severe CNS responses.'8  postrema of the brain stem)!

Muscannic Response. The classical postjunctional Central Nermus System Response. Signs and symp-
muscarinic response to acetyicholine stimulation is toms of CNS poisoning include anxiety, apathy, toxic
assoxiated with activation of specific receptor sites of psychosisresessness, fatigue, headachenightnares,
postganglionic parasympathetic effector cells. Post- tremors, seizares, and depressionof cardiacand res
ganglionic muscarinic receptors are found primarily ratory centers, which can progress to coma., ts

in smooth muscle, exocrine glands, and the heart Atropinization and oxime therapy are efficacious for
Muscarinic signs and symptoms are associated with managementof theCNStoxiceffects. Anticonvulsants
cardiac, ocular, pulmonary, cutaneous, genitourinary, are indicated to provide therapeutic management of
and gastrointestinal manifestations. Severe bradycar- seizure control.
dia, miosis, wheezing associated with bronchocon- Chronic health effects from both high-dose, short-
stricton and bronchial secretions, sweating, involun- term and low-dose, chronic exposures to organophos-
tary urination, nausea, vomiting, diarrhea, and phate compounds have been reported in humans.%M
involuntary defecation are common muscarinic re- Neuromuscular signs and symptoms associated with
sponses. Exposed workers may present with giddi- this neuropathy include paresthesias, easy fatigabil-
ness, complaints of blurred vision, headache, nausea, ity, cramps, and may progress to gait abnormalities.
abdominalcramps, breathingdLscomfort,orwithvan- Pathologically, the delayed peripheral neuropathy
ousdegreesofmoreseveredistress. Military medicine demonstrates peripheral demyelinization. The de-
uses the acronym SLUDGE to aid rapid field recogni- layed peripheral effects may berelated toorganophos-
tion of the signs and symptoms of the muscarinic phate binding of a "neurotoxic esterase" enzy4ne.
response: salivation, lacrination, mrination, defeca- Neurobehavioral signs and symptoms include many
tion, gastrointestinal complaints, and emesis. different complaints such as anxiety, depression, in-

Atropine, in sufficient dosage, is an effective anti- somnia, and irritability. Most residual neurological
dote for muscarinic signs associated with the cardiac, symptoms appear to resolve within a year following
respitory, andCNSresponsme Atropinizationcauses acute intoxications."
the gastrointestinal and genitouriary effects to im- Parathionlntoxiction. Theonset ofsignsandsymp-
prove; however, atropinization is only partially effia- toms induced by parathion has been uniformly ac-
cious because it neither resultsin enzyme regeneration cepted as the standard general description of organo-
nor affects nicotinic receptors. phosphate poisoning, Itis important to recognize that

Nicotinic Response. Nicotini responses to acetyl- the signs or symptoms can recur for days, despite
cholieoccuratmyoneuraljunctionsofstriated muscle, therapeuticallyefficadousmedical managemenL Care-
preganglionic autonomic synapses with ganglia, and fulpatiept monitoringand administrationofindicated
within the CNS. Although several types of site-spe- therapeutic management must be assured for days
cific nicotinic receptors have been identified, the after paratl-ion or other organophosphate poisoning.
acetykholine effect on nicotinic sites is independent Clinical signs and symptoms seen in children are
of those differences. Muscular responses to stimula- most often seen by alterations of central neurological
tion of nicotinic receptors range from easy fatigue, status. CNS depression, stupor, flaccidity, and coma
mild weakness, twitching, or localized fasciculation, are the most common signs in children. Dyspnea is
to severe, generalized fasciculations that result in res- commonly seen in children.
piratory embarrassment and cyanosis. Ingestion usually resul~s in nausea. followed by

The effects of stimulation of the nicotinic receptors increased salivation,abdominal crampsvomnins, and
of sympathetic ganglia can result in pallor. At higher diarrhea. Hypothermia mayoccurasan early sign, but

levels of sympathetic nicotinic stimulatiom hyperten- isnota usual finding. Alterations in mental status can
sion and hyperglycemia may occur. In addition, manifest a-i confusion, anxiety, or giddiness.
tachycardia that results from ganglionic nicotinic re- Inhalation is usually followel by rhinorrhea, then
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chest tightness as exposure doses increase. Although uncommon. Other uncommon effects of exposure in-
miosis may occur with eye pain, ciliary muscle spasm, dude a reported alteration in prothrombin time and
and blurring of vision in topical or inhalation expo- the occurrence of hyperglycemia in severe poisoning."
sure, miosis is not a dependable sign for ingestion or In addition to nausea, vomiting, and diarrhea, ab-
cutaneous exposures. In fact, mydriasis is not an dominal pain and fecal incontinence may occur with
uncommon finding. possibly as a result of a sympa- cholinesterase inhibition. Urinary frequency and, in
thetic, reflex, adrenal response. severecases, urinaryincontinence havebeen reported.

Although alveolitis, followed by progressive pul- Diazanon lntoxication. Nauseaisoftenthefirstsymp-
monary fibrosis, has been reported in a parathion- tom that follows diazinon exposure. Other signs and
intoxicated patient," alveolitis and fibrosis are much symptoms rangeinseverity frommild gastrointestinal
morecowanon followingparaquatexposures." Chemi- or respiratory effects to cholinergic crisis. Vomiting,
cal alveolitis is probably associated with other chem- diarrhea, abdominal cramps, and salivation are com-
icals in the pesticide formulation, rather than as a monly reported, especially with cutaneous or gastro-
result of exposure to the cholinesterase-inhibiting in- intestinal absorption. Inhalation exposures are more
secticide itself. ommonly associated with rhinorrhea and chest tight-

CNS effects such as decreased vigilance, altered ness. Ocular effects from exposure include tearing,
exprsve language, diminished cognitive function, vuosis, ciliary muscle spasm, and eyepain. Paradoxi-
impaired memory, depression, anxiety, and irritabil- cal mydriasis has been reported with diazinon poison-
ity have been reported." Other signs and symptoms ing and probably is the result of a sympathetic reflex
may include visual hallucinations, auditoryhallucina- response." Weakness, local fasciculations, drowsi-
tions, and psychos eSs,diziness,hdache,andbehaioralchangesrep-

Cardiac signs of organophsphate insecticide poi- resent mild to moderate neuromuscular responses to
sorting characteristically include bradycardia and exposure. Lossofmuscularcoordination, generalized
hypotension, although reflex tachycardia, despite sig- twitching, and convulsions represent moresevere neu-
nificant poisoning, has been reported. Heart rate, rological consequences of poisoning with diazinon.
alone, is an unreliable sign for both the degree of Maithion Intoxication. It is important to note that
exposure and efficacy of therapy. It has become in- symptoms occur after high-dose exposures to mala-
creasingly apparent that acetylcholine in the oronary thion, which are possible only in unusual circum-
circulation can cause intense vasospasm, resulting in stances such as an incorrect application. Inhalation of
atrial arrhythmias, hypotension, chest pain, and heart malathion results in ocular and respiratory effects as
block." first signs of exposure. Ingestion results in a loss of

Acuterespiratoryfailureisthemajorcauseofdeath appetite, nausea, vomiting, abdominal cramps, and
in organophosphate poisoned patients. Dyspnea, diarrhea, which may appear within several hours.
bronchorrhea, and tachypnea represent significant After skin absorption, local signs of sweating and
clinical signs of respiratory difficulty. Bronchospasm twitching may occur within minutes or may be de-
occurs as a typical pharmacological muscarinic effect layed for several hours. Severe signs may occur fo-
Respiratory responsiveness, such asdiminished respi- lowing expcsure by all routes.
ratory secretions and decreased ventilatory resistance Clinical manifestations of malathion exposure In
are reliable indicators of inhalation toxicity and the chuldren may differ from the predominant signs and
efficacyofnmedicalmanragement Delayed respiratory symptotmassociatedwithadultsexposure. CNSsigns,
crisis may occur for 2 to 3 weeks following acute suchasCNSdepression, stupor, lossofmusculartone,
poisonings." and coma are the most commonly reported signs of

Chborpyfos Intoxication. Muscular weakness, fadt- exposure in children; respiratory difficulty has alo
gability, and fasciculations are commonly reported in been reported."
association with chlorpyrifos poisoning. Theymaybe Othersigns and symptomshavealsobeenrpoted.
delayed in onset and paralysis may occur." fever may persist for-several days; alterations in pro-

Miosis, lacrinmation,and blurred vision are common thrombin time may occur;, and hyperslycemia,
signsof chlorrifos poisoning. Mydriasis is unlikely, glycosuria, and metaboli acidosis without ketosis
but has been reported in association with severe poi- have been reported associated with severe poison-
sonings." Excessive salivation is a common post- ing."
exposure sign. Medial Treatment. If a strong likelihood of acute

Sweating is a common sign cif chorpyrifos expo- oranophosphatepoisoningexists, thepatient should
sure, but does notoccurasa universalfinding. Dermal bete.ted immediately without waiting for laboratory
irritationand sensitization have been reported butare results. The usual ABCs of emiergency care apply.
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healfhcare providers must ensure that the patient has intervals unless the patient's condition dictates more
a patent airway, is breathing, and has adequate circu- frequent analyses.
latory function without apparent hemorrhage. Oxy- 'ecauseearly-onsetrespiratorydepressionandgen.
gen should be provided, if the patient's condition eralized convulsions are expected after. serious expo-
indicates. Individuals who attend the victim should suressuchasintentionalinestion, inductionofemesis
avoid direct contact with heavily contaminated cloth- is contraindicated. If necessary, gastric aspiration or
ing, vomitus, skin, and hair by wearing PPE such as lavage can be performed. Protection of the airway is
rubber gloves (at a minimum), critical during nasogastric procedures and may be

Plasma and erythrocyte cholinesterase enzyme ac- accomplished by cuffed endotracheal intubation. If
tivities should be measured, but the degree of correla- lavage is performed, the return volume should ap-
tion between the levels of cholinesterase inhibition proximate the amomnt of fluid administered.
and clinical effects is imprecise. In some cases, a in the management of ingestion, an activated char-
depression of only 50% of the enzyme activity may be coal slurry should be administerd as quikly as pos-
associated with signs of cholinergiccisis. The corre- sile. A total of 30 to 100 g of charcoal should be
lation between cholinesterase levels and clinical ef- administered to adults, and 15 to 30 g to children."
fects is unreliable and should not be used for medicai Adrndnistratio- of a cathartic, either with the charcoal
management or separately, is recommended.

In addition to thedeterminationsoferythrocyteand Atropine Therapy. In addition torespiratorydistress,
plasma cholinesterase levels, some clinical laborato- patients with severesignsofintoxicationhaveprofuse
ries may perform urinalyses for p-nitrophenol, the nasal oral, and airway secetions. It is imperative to
parathion leaving group. As with cholinesterase lev- maintain control of a patent airway, using suctibn if
els, thedeterminationofparathion-metabolitelevelsis necessary, until the degree of atropinization is ad-
often notareadilyavailableemergency test procedure. equate tocontrolsecretionsand relievebronchospasm.
As a result, medical management of the parathion- If hypoxia is suspected, administration of oxygen (if
poisoned patient should be directed by the patient's available) before atropine is inected is nrommded.
clinical responsiveness, with cholinesterase or pesti- Atropine administration has been associated with the
cide-metabolite levels in urine serving only as subse- precipitation of ventricular fibrillation in hypoxic
quent measures of confirmation of exposure. patients.

Clinicald isionsconcemingmedical management must Atropine administration for symptomatic patients
be hwsed on the type and depe of signs extdbited by the is imperative. Timely administration is crucial re.
acuidy poisoned patient. Medical therapeutic interven- gardless of the route of pesticide exposure. Atropine
tion should not depend on the degree of depression of sulfte should be given intravenously, if possible, but
measured cholinesterase activity for the ollowing is effective when mjected intramuscularly, especially
reasons: if administered via the current military Mark I atro-

pine autoinjector. Signs of adequate atropine admin-
* The correlation between enzyme levels and istration include drying of the airway secretions and

clinical effects is poor. improvement of respiratory efforts. Atropine admin-
* The test is not universally available. istration should be continued as necessary until signs
& Laboratory report times are too time consum- of organophosphate poLsoning no longer recur, some-

ing. times days after the acute poisoning event. The fer,
0 Baseline information is absent in many acute disorientation, and delirium associated with atropine

poLsoning cases. use reflect signs of excessive atropine administration;
they indicate at least temporary discontinuation of

As a result, the measured enzyme inhibitions may atropine. Atropine administration does not affect
confirm the diagnosis of cholinetase inhibitor in- acetykholinesterase regeneration.
toxicaton trbut wil not contribute substantially to acute The typical adult doseofatropineis2to4ag, which
patient management. can beadmirnisered every 10 to 15 minutes as needed.

Asymptomatic patients with documented depres- The dosage of atropine useful for managing a poi-
sMon of cholinesterae levels should be carefully morai- soned child is 005 mg/kg every 10 to 15 minutes as
tored, but they require no atropine unless signs and needed." Treatment of cholinesterase Inibton is
symptoms of poisoning evolve. Follow-up evalua- required for hours or days, depending on the indi-
tions of cholinesterase levels for adequately treated or vidual patient and the circumstances ofexposure. The
dinially stable asymptomatic patients whose levels treatmentofpatientspoisoned withorganophosphate
have been acutely depressed may be done at weekly insecticides may require a total of several grams of
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atropine over the course of acute recovery from poi- as a direct intravenous bolus is imperative to preclude
soning. further neurological damage from hypoxia. The typi-

Oxime Therapy. There is no effective, medically cal adult dose is 5 to 10 mg initially, which may
approved antidote for the nicotinic effects of cholines- be repeated every 15 minutes, as necessary, up to 30
terase-inhibiting substances. If therapeutic interven- mg. For the convulsing child, a dosage of 02.5 to 0.4
tion precedes enzyme aging, oxime therapy, such as mg/kg up to 10mg total dose is recommended. Intra-
administration of 2-pyridine aldoxime methyl chlo- muscular injections are slowly absorbed and should
ride (2-PAM Cl), acts as a reversd compound (Figure be avoided, if possle. If seizures are uncontrol-
14-5). Improved levels of active enzyme within the lable or recur, phenytoin or phenobarbital should be
acetykholine-receptor regions results in improved admiiistd" Physostigmine, succinykholine, or other
disposition of free acetykholine, with resultant im- cbulinergic agents are contraindicated and should not be
provementinthepatient'ssignsand symptoms. Oxime administered.
therapy is reconmended for patients with signs of Comrnptiions. Pulmonary edema may result from
severe pesticide intoxication such as severe twitching inhalation of pesticide formulations or occuras a corn-
or fasckulation, signlfcant weakness, or respiratory plication of medical management Oxygenation and
embarrassment."" 2-PAM Cl does not relieve ventilation must be maintained and arterial blood
brnhospas orbronc orr which are treated with gases must be farefully monitored. If Po2 remainslow
concurrent administration of atropineY in spite of oxygen administtion, it may be necesbary

Praldoxmre Therpy. Pralidoxime therapy is often to add positive end expiratory pressur (PEEP) or
helpful in acute oranophosphate poisonings. It is continuous poitiveairway pressure (CPAP). Careful
imperative that pralidoxime be administered to sevrely fluid management is essential and a central line or
poisondaptiens who have neuromuscular effects such Swan-Ganz catheter should be placed to monitor fluid
as fsciculations, weakness, and respiratory paralysis. status.
The typical dose for individuals who are 12 years old If significant inhalation exposure or coincident as-
or older is 1 g of pralidoxime delivered intravenously piration occurs, a baseline X ray should be obtained.
over&a minimum of 2minutes. Children younger than This is especially important if the pesticide formula-
12 years of age should be given an intravenous dose of tion was concentrated, contained irritant or hydrocar-
20 to 30 mg/kg slowly, over at least 2 minutes." bon compounds, or was of unknown composition.

Pralidoxime is often helpful in acute organophos- Determining arterial blood gases and testing pulno-
phate poisonings and is indicated in severe cases of nary function may be necessary during complicated
organophosphate insecticide poisoning that are ac- medical management of some patients.
companled by profound weakness and respiratory Hypotesion may occur and should be treated by
depression. The recommended adult dose of administering intravenous fluids and placing the pa-
pralidoxime is 1.0 g, administered intravenously, at a tient in the Trendelenburg position, if necessary. Pa-
rate of 05 g/minute or infused in 250 mL of normal tientswithblood pressure that is unresponsive to fluid
saline over 30 minutes. For initial management, the administration may require carefud pressure titration
dose can be repeated up to three times. It may be using dopamine (2-5 pg/kg/min) or norepinephrine
administered in intervals of 6 to 12 hours if muscle (0.1-02 pg/kg/min)."

weakness is not relieved or if the patient remains
comatose. A continuous pralidoxime infusion (500 Cwarmates
mg/h) maybe administered; however, this alternative
is considered to be controversiaL"

For a poisoned child, pralidoxime may be adminis- r
tered intravenously at a dosage of 25 to 50 mg/kg over 1 N
30 minutes. Further administration may be necessary o
ifmnuscleweaknessand associated respiratory depres-
sion remain uncorrected." Carbamate insecticides are cholinesterase inhubi-

Anticovulsant Therapy. Medical personnel should tom (see Table 14-6). These compounds arean assocd-
be prepared to promptly administer benzodiazapines ated group of chemical ester with the general struc-
(diazepam) as anticonvulsants for seizure activity as- tural composition shown above, where R represents
sociated with poisoning. The occurrence of clinically an oxime, alcohol, or phenol, and is the leaving group
apparent convulsions ha been recognized as a sin of associated with inhibition of the cholinesterase mol-
neurological electrophysiological seizure activity. If ecule"; R" represents an N-methyl or hydrogen
convumoccur,tlmelyadmtnistrationofdazepam atom.n" The most commonly used carbamates in
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the military are ca-baryl and propoxur, representa- esteraticsite, catbamylation of the enzyme appears to
tives of the N-methylcarbamate group (Table 14-9)? involve attachment of the carbamate at both the an-

Routeoffvww. Caranatcs are ab via all ionic and esteratic sites, which is similar to the action
routes of exposure, although dermal absorption is of acetylcholine, Because of the ready dissociation of
slight." The degree of acute toxic effect depends on the enzyme-arbamyl complex and the subsequent
both the rapidity of absorption and the cumulative regeneration of the active enzyme molecule, carbam-
dose. Many carbamate insecticides have low dermal ate compounds arm rapidly reversible inhibitors of
toxicity." acetykcholinsterta.

Mrdanism of Action. nhiion of the acetykho- Likeotherdiolnestrase-inhlbiti substancescar-
Linestemse molecule by the N-methycarbamtepesti- bamates are not directly measured in blood. Indirect
cide group differs from the phosphorylation reactions nurementofxposu tocarbamateuzsdetermined
in organophosphate insecicdes. In contrast to the by measuring blood cholinesterase activity. Because
ratherstableorganophsphatephosphmylationat the the interaction between the carbamate and cholines-

TABLE 14-9

EXAMPLES OF RANGE OF ACUTE TOXICrES OF SOME CARNAMATE INSECTICIDES
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terse is spontaneously reversible, the residual cho- miological studies of human carbaryl exposures have
linesterase activity usually fails to correlate with the not demonstrated delayed neuropathy. Male human
clinical significance of the exposure." volunteers who ingested carbaryl dosages of 0.06 and

Rapid reversibility of the carbamylated enzyme 0.12 mg/kg for a study period of 6 weeks had no
complex decreases the duration of the clinical signs of demonstrable chares in their electroencephalogram
poisoning, allows a wider dosage range between the patterns. Inadequatedata from human studiesand the
onset of symptoms and death, and decreases the slight uncertain relevance of existing data from animal stud-
chance of documenting the level of depression of en- ies limit the final conclusions that can be drawn con-
zyme levels, unless a blood sample is analyzed almost cerning delayed neurotoxic or myotoxic effects in hu-
immediately after exposure."" man populations."

Metabolism of carbaryl involves N-demethylation, Sigs axdSymptoms of Expoure. Much '01at
hydroxylation, hydt ilysis, and conjugation. Hydroly- known concerning the signs and symptoms of L nni,
sis results in the urinary excretion of (a) 1-naphthol, exposures to carbanates has been based on studih
which accounts for more than 20% ofan administered a closely related chemicalcompound, physostigmine?.
dose, and (b) p-hydroxycarbamyl, which accounts for The clinical signs and symptoms of carbamate poisow
approximately 4% of the administered dose. Urinary ing are identical to those associated with orgaaophos-
conc trationof l-naphthol has been used asa iologi- phate poisoning (see Table 14-6). Carbamates are
cal exposure index of rarbaryl exposure. Unexposed believed to have a wide safety margin because the
subjects havebeen rt to haveurinaryconcentra- signs of cholinesterse poisonin which resolve soon
tions of I-naphthol below 0.23 mng/L Asymptomatic after the exposure is discontinued, are rapidly revers-
workers who were exposed to ambient air concentra- ible. The most common signs and symptoms include
tions of carbaryl as high as 31 mg/m 3 were found to lacrimationsalivation, miosis,,onvulskon and death'
have urinary 1-naphthol concentrations of more than Exposure to carbamate insecticides may lead to
42 mglL Although no standards have been estab- clinical manifestations of cholinergic crisis similar to
lished for carbaryl metabolites in urine, urinary I- those found with the organophosphate insecticides.
naphthol concentrations in excess of 4 mg/L of urine The classic signs and symptoms associated with dio-
may represent significant exposure to carbaryL" linergic activity may include inc ased salivation,

Dose-dependent inhibitionsof plateletaggregation lacrimation, urinary incontinence, 2iarrhea, gastro-
and arachidonic acd metabolism in platelets have intestinal cramping, and emesis. Clinical CNS signs
been demonstrated robe inhibited bycarbamateinsec- and symptoms ofcarbanate poisoning arelessintense
ticides. In these evaluations, the most potent carbam- and shorter in duration than those associated with
ate compound found was carbaryl. which was shown comparable organophosphate pesticides."
to inhibit platelet aggregation and diminish products Ocular signs of exposure, indudimgmios, tearing,
of the enzyme cydooxygenase at concentrations as low ciliary spasm, severe ocular or retroorbital pain, and
as 10 pM. However, radiolabeled carbaryl was shown diminished accommodation, may occur. Miosis may
to bind covalently with numerous platelet proteins, in be either unilateral or bilateral and is often recognized
contrast to acetylsalkylic acid, which acetylates only a by the patient as visual blurring, especially in a dark-
single platelet protein. Acetylsalicylicacid isknownto ened room. Mydriasis may occur as a result of reflex
specifically inhibit cydooxygenase enzyme activity, mrenergc stimulation, although this is unusual."
which is similar to the action of carbaryL" Respiratory responses to carb"I intoxication in-

Despite its widespread use by the World Health dude rhinorrhea, increased bronchial secretions,
Organization asan insecticide to control the mosquito brondiospasin, wheezes, rhondw and rales. The pa-
vector of malaria, only a few mild cases of propoxur tient may also experience dcest tightness.
poisoning have been reprted. A human volunteer The major cutaneous sign associated with local
ingested 1.5 mg/kg of propoxur. The erythrocyte dermal absorption is localized sweating. On careful
cholinesterase fell to 27% -of the baseline within 15 observation of the skin, "fscicalations may be ob-
minutes. The subject experienced nausea, vomiting., served in the underlying skeletal musde."
blurred vision, sweating, and tachycardia. By 2 hours In addition to the localized fasciculations, other
following ingestion, d- :et had no residual signs neu-musculareffecs may includegeneralized loss of
or symp.oms and the e. ,z . leve s were within nor- musdetonewkiespread musculartwitching,and overt
ma! limits. Adult he, have ingested singe90n-mg convulsive activity, which can result from systemic
doses without any opparent symptoms." stimulation. Other neurological responses include

Although delayed neumotoxicity has been repos weakness, lassitude, incoordination, and slurred
with cadbaryl exposumr in one 75-year-old man, epide- speech. Death is primarily the result of central respi-
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ratory depression and paralysis, and is usually pre- formulation was concentrated, contained irritant
ceded by or associated with generalized convulsions, or hydrocarbon compounds, or was of unknown corn-
fecal or urinary incontinence or both, and coma, position.

In addition to the direct efects of the pesticide, Atpine ,dminýsr for symptomatic tknfts is
bronchopulmonary sequelae may result from inhala- inperte•. TmdyAdnvinistm ionscruci. Vrdlof
tion of the components of the pesticide formulation. the route o tkid,,exposure. Although best adminh-
Forexample, inhalation ofthe supposedly inert dust or tered intravenously in life-threatening circumstances,
the hydrocarbon vehicle may cause throat irritation, atropine is also effective if administered intramuscu.
dyspnea, pneumonitis, or pulnmuny edema, lady, particularly if delivered by the atropine

If the individual who is exposed to the pesticide autoinjector. Atropine administration should be ti-
demonstrates cardiac effects, bradycardia is the mUet trated to the patient's need based on resultant signs of
common sign; tachycardia can occur, however, poswi- atropinization. In ca of casbamate poisonng, the
bly as a result of reflex response to bradycardia. most reiablesignofatrcplneadequacy is thedegreeof

Dseminated intravascular coagulation and kid- drying of the pulmonary secretions.
hey damage have been reported, and delayed periph- The typical adult dose of 2 to 4 mg may be carefully
eralneuropathy,similartothatcausedbysoanwmomno- administered every 10 to 15 minutes as needed. The
phosphorus compounds, was reported in one case." dosage of atropine useful for the management of a

With moresevere veosres, mental oxnfusionlko poisoned child isO. mg/kg every 10 tolS minutes as
of muscle coordination, tremrs, or convulsions may needed." The treatment of cholinestmwraeibtion
occur. Deathcan result from respiratory arestofCNS associated with carbamate poisoning mayberequired
orgnparysisofrespira yscutme,orintense forhours ordaysdepending on the individualpatient
brochorrhea with J n 2In±t' n" and the circumstances of exposue.

Aft" Tresatuu. The administration of basic Clncallyapparentconvulsionshavebeenaccepted
life-saving practices and decontamination of the skin historicallyasasignof neurological seizureactivity. K
with soapand water, ifindicated by circumstances, are wm'mions a .cur, tey aministrati of dwiram as a
the essential elements of early first aid and medical direct ihtrrenous bolus is hnperwti 7ITe typical adult
care. Analysisoftheplasmaanderythrocytecholines- dose is 5 to 10 mg initially, which may be repeated
teraselevelsareof nobenefltinthemedicalmanage- every 15 minmutes as needed up to 30 m&g. For the
ment of these patients. Even in circumstances where convulsing child, the recommended dosage is 025 to
depressed enzyme levels could be demonstrated, the 0.4 mg/kg. up to 10 mg total dose. Intramuscular
delay in obtairng the results would severely compro- in etim are slowly absorbed and shouldbeavoided,
misetheugefulnessoftheenzymelevelsasdiagnostic if possile If seizures are uncontrollable or recur,
andprognostictools Becausetheinteractionbetween phenytoin should be administemed Paysoatmine
thecatbamtepesbcdesandchooinesterasemocules a nwistrat is contmind"t, and is use shoud be
is readily revers•ble, enzyme levels may be normal avW.
despite overt sign of poiswmlng In addition, the Theadiinstatonopralidmximescontraidicaed
tremendous variability between laboratory method- npumrecarbamatepoison rsTheaddimonoo ws
ologies and reporte cholinesterase activity units se- such as 2-PAM al markedlcrease carbamate toxic-
verely compromie meaningful inerpretation of re- ity and may came deatK."O Use of pralidoxhi is
"poed results in typical patients. contoversiancarbamatepoisoninstaareopli-

indu-ed emewssisnot recomume followng car- cated by other factors such as known organopbos-
bamate ingestion. After naso-stric suction has .en pha poisoningorunknowncircumstance
perfbore dministrationofactivated charroal anda of pononing. Although atropne is effective against
catatcseconmmended. Theadultdoseofactivated the muscarinc manifestati•s of carbamate poison-
charcd is usually between 30and 100g.for childen, in& it is ineffective against the nicatink manif -
15 to30 &" tiors.

Direct eye contact or splash should be treated by However, some authorities recommend that
kirigationwith copious amounkts ofwaterforat lest 5 pralldoxime should be&lme when Ilesuthratei
minutes. Medicalevaluationisrecoxmended inmost symptons are present The recommended adult
circumstances, especially if signs of irritation such as dose is 1.0 g administered intravenously at a rate of
pain, chemosis, lacrimation, or plotophobia persist 0.5 gmin, or infused in 250 mLo normal saline over

If significant inhalation exposue or concident as- 30 mInutes. The dose may be repeated up to three
piration occur, a baseline chest X ray should be ob- times for initial managemem. Praladoxdme may be
tained. This is especially important if the pesticide admiiý in intervals of 6 to 12 howrs it muscle
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weakness is not relieved. As an adernative, an infu- interactions is a slowed dosing of the sodium channel,
sion of 500 mg/hour may be adminis•tere with prolongation of the hyperecitable state of the

Fora poisoned child, pralidoxinme may be Mminis- nerve celfollowing nerve-impulse transmissiom
tered intravenouslyat a dosage of 25 to50 mg/kgover In contrast to DDT. lindaneand thecydodiens leg,
30 minutes. Furtheradministration may be necessary dieldrin) appear to exert their toxic effects at the nerve
if muscle weakness and associated respiratory depres- synapse, where their action results in increased spon-
si remain unconrected." taneousand evoked reeeaseof.neurotran itter" Ln-

dane and didduin act on the ganglion, rather than the
Orgaocorine Insedticides axon, where increased membrane permeablity to cal-

ciumwasdemonstrated. Inaddition, theyappeared to
The four classes of organodorne insecticides are l Ca-Mg" ATPe, whichfi•fluences the rateof

(1) DDT and related derivatives of chlorinated calciumextrusio. Dieldrinindaneandheptachlor
diphenylethane; (2) cydodines, including dwedrin, epoxide have all recently been shown to be potent,
heptachlor, and chlordane (3) lxidane (the gamma xnpetitimvstereospecficinhibitorsofthejuwtoxin
isomerof h lorocycloh -- );and(4)toxaphene receptor. Asaoresult-ofthisa butyr
(a mixture of dlorinated terpenes).B Substances in this acid (GABA) and GABA-reted tmsndon is af-
group are known for their low biodegradability in the fected. GABA-Induced chbordepermeabilqit s .Wb
envmonametamumulationinhumanaandmimald- ited, with the result that the nerve cell remains
pose tise and carcinogenicity in laboratory animals hyperxcilablafterstlmulation. Durandmlrexwere

The acute toxicity and human hazard potential of not found to bind to the picrotoxin receptor.N
organodalorine insecticides are highly variable and Ar~Wc -parnvnai and human epidemiologi.
are influenced by the rate of exposure, route of expo- cal st-ades have demonstrated that chronic exposure
sureand specidchemical compound (seeTablel4-). toclomnatedhydroazbca resulnsbint
For example, dermal absorption is much greater of in adipose tissue Experimental observations within
hexachiorocydohexane (the techncal grade includes these test groups demonsate significant diffeece
thegamna isomerlindane)and the cydd deriva- in the metaboism and storage in the adipose tisse
tives than for the efthne derivatives The potential depots.
acute human toxicity hazard for these compounds is Numerous nonspecific sign and symptoms have
from highest to lowest, endrin, arhin, dieldrn, chior- been repozted after acute nocdhorime exposur.
dane, toxaphene, chlordecone, heptachlor, DDT, and Sensory disturbances such as hyperesthesia or
methoxychlor. Dicofomethoxychor, and hexadhio- parei.sthsa may be either early or low-dose acute
obenzene have limited CNS toxicity however, in ex- effects of DDTpo'on'n, Headacbdizzinessvomit-
treme overdoses, CNS deprei may occur. g in&ncodination. and bemor may pro ss to myo-

Organochlorine insecticides am primary r oni jerkddn& convulsions, or bot Idividual who
tatives of the broader group of chlorinated hydror- are exposed to cydodienes may present with convul-
bon pesticides. Other representatives of the ch•ori- sions as the first si• of poisoning as long as 48 hours
nated hydrocarbons have been used as fumigants, after acute exposure. Increased neuronal ita&bi
herbkxdesý fungicides, •nd nematoddes.5 The dhemr- resultsin exdationconvubionsandpoubycomaat
cal stuues and selected •oicological activities for high doses. Cardc yhytia may also occur
representative oranodcorine insecticides are foun Several of the ochiorine insectides a!-
in Table 14-10. drin and hiet or) stimulate hepatic . icrosomal

The precse mechanism of action of many of the enzymes and undergo xenobiotic transformation
organoduorinekneediddesinmaunswiknowrL nce through epoxide derivative intermediates (figure 14-
1944, DOT has been known to affect the nervous sys- 6). The development and stora of these interedi-
tem however, the precse mechanism of action re- atmandinanmalmodes, evdenk cforthercaracio-
mains imompletely described DOT is thought to genicpotenta haveremfredtheconcernthatmny -

exert its complex toxicological actiont through its im- of these cotnpoumids are suspect humrancacoen'
pact on the fluxes of sodium, potassium, and cakium His'tpthological changes have been noted in the
across the nerve cell membrane, but measurements of fivers of chiordecone workers; however, elevation of
sonic potentials differ among specis. In addition, in their heptic enzymes Indicative of damage was not
rabbitswan, DOThasbeeshowntonh lttheactiou observed. Reductions in sperm counts have been
of Na 4g'adenwinehiplosphatase(AT~ase),an noted in workers who have been exposed to
enzyme responsible for ion movemnent in the nervous dhodeconand "dlomotnopr e- Blindnm
"s"tm? The net effec of these ionic and enzymatic has been reported in sheep that have been exposd to
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Fig. 144. When the parnt petcd o•mpound/frptaddo is meaoie by the heei P.450 enzyme sytm the reultan
caciogO Is a Vilar.

endoaufan, and mi has caused cataracts in the Roue• ofEAposa. Cblordaneanditsfomrulations
rodent modd.ý"" Chronic expose to chlorecoe are lipophilic and may be readily absorbed following
hasbeemasoaewihweihlos,weaknemstemor, skin contact, inhalation, and ingestion. Asa result of
slurred speehoniiecharges,and abnormal liver- its widespread use, persistence, me of cutaneous
enzyme profiles absorption. lipophila natume and preferred in vivo

lipid-affiliated storage, the EPA identified almost
Ckloa ubiquitous presence of chlkoae in samples of body

fat and breast milk from human poulton.'
Chiordane has been widely used asanenvionmen- Sigus Sad Syuepte of Exposm. Because d .lor-

tally persistent, highly effective termiticide. As a re- dae and related pesticides disrupt nervous sysem
sult of its efficacy and popularity, le numbers of functiom, patients may present with a spectum of
pesticideoperatorsand members of thegeneta popu- CNSstmulation findins. The earliest s*gn of pol-
lation have bn vexsed. The xenobiotic metabolism swing wre related to increased sensitivity to stimul.
ofd nehasbeenevaluatedinpest-controlopera- Hlypeetability of the CNS usually muaifests as
toms chlordane, and its metabolites (oxychlordane, nervousnes, agitation, irritability, amnesia, and gen-
heptactilorepoxide,aMdtrnmns-nnadalor) were klenti- tialized hyperactive reflexes. Cycles of exicitement
fled in the blood of some of the pest-control operator folowed by depression may occur repeatedly. More-
but not in the control s~ub~rcts. The concentration of severe signs indlude mwcle twitching. tremor, Incor-
ddordane and its metabolites correlated well with the dination. and ataxia. The most severe neurological
numberofsprayingdaysintheprevious,•3mmths. As signs include donic convulsin, with or without
aresultthecmone tionofchddor anditsmetabo- coma."
lOtes has been suggested as a biological monitor for Respiratory depression may occur as an umusal
chlordaneexposei workem. Although the dcemical result of ddordaneIntoxication. Aspiration of chkor-
compounds can be dentified at rather low concentra- dane formnlations that contain petrlem distillates
tions in blood, no correlation between blood concen- may result in c"hemica
tra s ano healtheffect hasbeenpublishe Conse- Gaointestinal eec such as nausea, vomting,
quently, the utility of the biological monitoring and diarrhea have been ripoted following ingestion
capability for chlordane and its metabolit remans ofddlordane. Exeivecutaneouscontactmay result
speculative and is not routinely recommended." in dernal intaton."

Purified chordame has been reported to induce The EPA considers chlordane and related corn•-
cytotoxic effec in human liver cell cultures. In that pounds to be potential human carcinogens. How-
system. dalottL ne eqxpore resulted in growth inihibi. ever, eplomlological studies of worker in the chkir
tion and alterations of cellular morphology. dane-producing industry have ailed to kentify an

"The ftal dose of chordane for an adult has been increased occurrence of cancer. Exposure to chlor-
estimated tobe between 6 and 60g. Onset of clinical dane, hepbcho, or both has been related to aplastic
signs and symptom would be expected between 45 anemia and acute leukemia in several cases, but the
minutes and several hours relationship between these chemicals and the adverse
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health effects was inadequate to reflect a causal asso- acute toxic effects in humans varies with the route and
clarion. In another retrospective study, an uncertain rate of exposure (see Figure 14-6).
cause-and-effect relatirosip was suggested between Siqm and Symptoms of ltoxicatioa Increased
the occurrence of neuroblastoina in several children sensitivity to external stimuli and CNS hyperexcitabil-
and possible chlordane or heptachlor exposure." ityare the firstadversesigns ofexposure to heptachlor.

In a prospective mortality study directed toward Acute toxic signs of exposure include hyperactive
employees of a chlordane production plant, workers rfeesmusculartwit remors,ataxia,anddonic
with the highest risk of exposure appeared to demon- convulsiom with or without coma. Respiratory de-
strate an inverse relationship between exposure and pression may occur concurrently with convulsions.
cancer risk. The study identified an unexplained ex- Repetitbvecycesofexcitabity and depressonaybe
cess of deaths due to cerebrovascular diseae" seen. Cardiac irritability and contractility alterations

Medicl Trratmemt. As with any pesticide-pot- can initiate dysrythmias.•2 Ingestion may cause nau-
soned patient, basic life support and early decon- sea. vomiting, diarrhea, gastrooetenritis, anorexia, ora
taminationproceduresareessentialelementsofmedi- delayed-onset hepatitis. Skin irritation has been re-
Cal management. After the Contaminated clothing has ported following cutanous conta 4

been remnoved, the patient should be decontaminated Aplastic anemia and eo s have been re-
with soap and water, then topical alcohol, and then ported inpaentsfonowingposslheptachoexpo-
soapand water again." sures;however, a causal associatlo has not been iden-

In alert patients, emesis shuldbeinduced with tiffed. If ingestion and subsequent aspiration of
syupofiexcacincasesofrecent'substanIaingeCm. heptachlor pesticide formulations occurs, chemical
In additiob administratonofactivated chao and a peumots should be anticipated. 4

cathartic is recominmeded." Medical Tweatmet. Patients contaminated with
As a consequence of the increased myocardial irri- heptacldor should be decontmrinated with soap and

tabdity associated with organochlorme poisoning, water. Someauthoritiesrecoammedanalcoholwash
administration of epinephrine or other adrenergic following the soap and water, followed, in turn, by
amines may precipitate refractory ventricular another soap and water wash. Three soap-and-water
anhythmias." decontuam on procedureshavebeenreco mmeded.

Seizureactivityshould immediatelybetreated with Particular attention to decontaminating the hair is
diazepam administered by intravenous bolus. The essentiaL"
typical adult dose is 5 to l0 mg irnitally, whichmaybe Obtaining levels of chlorinated hydrocarbons or
repeated every 15 minutes, as needed, up to a total heptachlor in whole blood or serum is not useful in
dose of 30 mg. For seizure activity in a child, the acute toxic expoes". In most cases, blood leves of
recommended dosage of 0.25 to 0.4 mg/kg should be heptahororits metabolites reflect cumulative, rather
administered intravenously. In the child, diazepam thanacuteexposures. ffrhrmofe,theseblood-cl-
doses may be repeated up to a total dose of 10 mn. istry analyses are usually not routinely available in
Uncontrollable or recurrent seizures should be man- most clinical laboratories. Because laboratory results
aged tlhough administration of phenytoin. 4  will probably not be available to assist with ely

Excretion of chlordane (and a related organochlo- diagnosis or therapy, treatment must be based cc a
rine pesticide chlordecone) may be accelerated byoral careful workplace-or intentional poisoning-histori-
administration of cholestyramine, which fosters re- cal roflle. As with other orgarochorine posonings,
moval from the cycle of enterohepatic circulation, if a history of heptachlor exposure is obtained, tL
Dialysis, exchange transf and hemoperfusion admtr Pt of-adrnengic amies is to bea o" they
are probably inieffective. aymsicrme mn.xoomi irra s .,yand M rf-

"oy VztentkadaranythnraaS.14
H4tchlor Ifan alut pi has esteda possy toxic• de

of heptachlor, emesis should be iduced with syrup of
Heptachlor epoxide has been identified as a me- ipecac. Fmess is most effective within 30 minutes of

tabolite of heptaddorin both animals and humans. ingetion of the poison. An activated charcoal slurry
transfor&me human cell cultures, exposures both to and cathartic should also be administered Through
heptachlor and to its epoxide induce unscheduled hiterference with the enterohepatic cfrculationf the
D•A synthesis, indicatn posible enetic damage" compound. cholesyraimine has been reported to in-
Heptcir is absorbed following cutaneous contact, crmse excretion of chlorinated hydrocarbons such as
intulatiomiandingestion. The dose required to induce chlordecom and chlordane. Hemodialysis and ex-
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change tranduon probably would not be effective been amsociated with toxcic. Urine borate tests may
therapeutic modalities for heptachlor poiso g" yield fase-posve results.

If seiurmm occur, diazepam should be carefuly
administered as an intravenous bolts of 5 to 10 rag. Aft" Trebamew
Diazepam may be repauted every 15 minutes, not to
exceedaacmu1tivedoseof30mg. fconvulsionsfail Potentially contaminated skin should be washed
to respond to diazepam, or if they recur after initial with soap and water. Treatment of boric acid poison-
therapy. phenytoin should be adm e " in• ncludes administering syrup of ipecac to ildren

who weigh m than 30 kg, if the child has ingested
Book Inseedicids more than200mg/kgasanacutedose. Largerindivid-

ualswho have ingestedadoseof morethan 6garealso
Boric acid, H3903, is also known as boracic acid or treated with syrup of ipecc If acute doses exceed

orthoboric acid. Its main use is as a common tablet thes levels,emergncymedicallsts mayprCfeWto
formulation for pesbde management of cockroach usegastriclavaesana tivetoinducigemeswsn
infesation. Although the mechanism of action in Activated charcoal does not absorb borate and
humans is unknown, the end result is a metabolic should not be used unless there are special ingestion
acidosis with associated. eletrolyte abnormalities. rms-aIces(%gtheingeutionofmult"INSbstances).
Signs or symptoms of toxic exposure are not seen A blood sample drawn 2 to 3 hours after bngesdton
unless boron conent,•m in the brain reach levels should be obtained to asses the severity of posonIng.
above 10 ppm (see Table 14-6)V' If massive quantities ha been ingested over several

days, careful monitoring and medical management to
Roluit Of Erpo wv prev theadverse laeof metaboliadoisand

electrolyteab ormaiies must be prvided." Excre-
Crawing children can be exposed to boric acid if tion of boic acid is efficient and ficxd diuresis may

pesfiddeapy cationsof the powderorpellet bmula- afford somebeneit. Exd transfusion and perito-
tions are carelessm or inappropriate. Intact skin pro- nl dialysis aree Anticonvulsants are
vides an effective barrier to absorption. Abraded or indicated for treamen t of convulsions."
burned skin allows e fficient absorption however, al-
though no mechanism forenhanced absorption aorts Botaical Pesticides
abraded skin has been proposed.

Borates are well absorbed following ingestion. In Pesticides that are derived from living biologcal
rare instanc infants have been inadvertently poi- sys•msarecdescallyandldives
soned when pwe formulations were mixed in their In the broades sense, this group includes Meatively
infant formul smpebut potetmoeculessuch asnicon coalx

peoteinaceous poisoms such as ricin, and the neuro-
SýFws "dn SyuIptOus Of ExpOWNr toxinproducOdbtnwifiumbotuliimmwhichcaunse

botulism. Many individualsAm the common belief
Thesigns and symptom associated with exposure that a pesticide derived from natural sources has a

to and absorption of borate insecticides hxlude ab- greatermnarginof safety thana ommerdLlymanufac-
domninal puin, nausea, protracted vomiting, diarrhes, tuired pestiide. Carefulfly performed testing usit
and hematochezia. These have been associated with stuaizedandaccepledk~ amodelshasdeni-
absorption acrons burned or abraded skin. Topical onstrated, however, that some of the most potent
exposm has been associated with a bright erythema- poisons awe derived from natural souces.
tow rash trat may progres to extreme exfoliation. The mechanisms of action and possile antidote
Restlessness headache, weakrn, and hemar may therapeutics for seeced tox compounds of biologi-
precede convulsions in severey poisoned patient caor•n a k ayazy's
Cyanomnds hoctmaypreclptatacutrenalm r biological defame piroam. However, review and
mociated with metabolic acidosis from boric acid in discumssnof these tonr their toxtcmeadnomsand
severe cases of ftoxicatm Pioning may be con- antidotes ae not relevant to this discamson. Numer-
firmedbybloodborateconrcnpratom. N mormalranges ou pesticides derived from biological sources are
in nonexposed individuals am between zeo and 7.2 availabk however, the military uses only a few bo-
mg of borte per literof blood with a men Pof 1Ang/ tanical derivatives such as the pyretluins to eradicate
L Conentrations; lower than 340 ng/L hav ray ormanaepeft
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Nicotine cost and to improve light stability, more than 1,000
synthetic compounds known as pyrrt~ihds have been
synthesized, some of which show significant struc-
tural differences and pest selectivities from the parent

N pyrethrum molecule (Figure 14-7)W Pyrethroids are

exmpledWmeuinisapproximately3, O-to50DOO-
fold more toxic to houseflies than to rats. '"-'

Permethrin, one of the pyrethroid products, is a
repellent that is used extensively by the military as a

Nicotine is one of the most frequently recognized uniform impregnant (see Table 14-6). Some pyre-
plant-derived pesticides. Inladdition toitscommercial throids are approved for use as clothing spray formu-
use as a humigant and stomach poison for leaf-eatig lations and others are used as pediculocides.
insects, its scientific use has provided valuable insight Route of Exposm. Pyrethrinsarepoorlyabsorbed
into the functions of the Cholinergic components of the via the dermis but appear to be well absorbed via the
human nervous system. The toxicological mecha- inmhaational and ingestional routes. Although pyre-
nisms for cholinesterase inhibitors were clarified be- throids, if they are administered intravenously into
causeof ncotine's cholinergic propertiesand reaction laboratory animals, may cause extreme neurotoxic
with specific sites (nicotinic receptors) within the CNS dfects (convulsions),dermmaland nhalationeiqxposP0U
and PNS. Nicotineis not itselfa cholinesterase inhibi- are associated with only limited systemic toxicity."
tor, but does have CNS, autonomic, and neurmuscu- Mecdanism ofJAeion. Pyehis and pethroids
lar effects similar to excessive acelylcholine stimula- have a high affinity for the sodium channel of the
tionatnicotinksites. Nicotinecanexistintwoisomeric afferent neuron and produce their toxic effects as a
forms: the syntheticR isomer is up to 8-fold more toxic consequence of neuronal hity. Asa con-
than the natural S isomer. sequence, pyrethroids cause a delay in channel do-

There is no specific antidote for nicotine poisoning, sure, which results in a prolonged tail current of the
but atropme administration may be somewhat effica- action potentiaL The interaction slows the influx of
cdus in emergencymedical management. In nicotine- sodium during the end of the depolarization phase,
po soneddogs,artificialrespiration has been shown to increases the depolarizingfteipotential, and results
be life-saving if respratory assistance was instituted inrepetitivedischarges. Pyrethroidsareopndchan-
prior to severe hypotension. nel blockers fie, they selectively affect the active, or

open, sodium channel). At high concentrations of
Pymrtknaar Py"Offiims d PYrttVids pyrethroid, the nerve membrane my deoarize com-

pletely and excitability may be blocked.
The insecticidal properties of the Chrysathemmm Allethrin and DDT have been shown to cause so-

(almatian pyrethrum flower) have been known for diurm channel effects in the lateral line organ of the
more than 100 years. Commercial growth of the flow- toad. At the receptive portion of the peripheral affer-
ers and production of the natural pyTethum extracts ent neuron, both chemicals cause a hyperexcitable
(pyrethrins) made pyrethrun and pyreturins avail- stimulus response that results in the generation of a
able fordomesticand agricultural pestcideuse Wide- repetitiveseiesofimpulses. Intheconductiveporuon
spread agricultural uses were initiated during the of the afferent neuron, both compounds appear to
197N! The naturally occurring pyrethnim compo- impede the dosing of the sodium channeL which
nents are produced from an oleoresin extract of dried results in an increased phase of hyperexcitability3'
duysanthemum flowers and contain six active insecti- Within the CNS, pyrethroids exhibit effects consis-
cidal ingredients collectively known as pyredwins. tent with several mechanisms of action. Proposed
"These are used in a number of pesticide products, CNS mechanisms of pyrethroid effects include an-
particularly aerosol products for indoor pest control tagonism of the GABA-transmitter pathway, modifi-
Advantages of pyrethrum and pyrethrins include cation of nicotinic cholinergic transmission, enhance-
theirrelativelylowmammalian toxicty, rapid "kock ment of noepinephrine release, and alteration of
down" and kinl of pests, and the absence of environ- calcium-ion fluxes. The primaryeffects ofpyrethroids
mental persistence. Disadvantages include the high may be the result of changes in the functional sodium
cost of application and poor light stability. channel activity of the *fferent neuron the toxic CNS

Asa result of efforts to decase the unit production effects appear to be secondary.
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Eachpyrethrinandpyrethroidcompoundmayform itching, and/or burning sensations may progress to
at least four isomers, and interaction with the sodium numbness" Possible long-term effects in humans
channels is highly dependent on the isomeric form. include the potential for carcinogenesis/:
Permethrin and pyrethrum form isomers at the third Medical Treatment. Rapid decontamination is a
carbon of the cyclopropane rin& with the cis and trans mainstay of therapy; therefore, contaminated skin
forms both demnonstrating insecticidal activity. In should immediately be washed with soap and water.
mammalian systems, however, the cis isomers are Antihistamines are efficacious in controlling most al-
approximately 10-fold more potent than the trans.7  kergic reactions. Severe asthmatic reactions may re-

Crude pyrethrum is a dermal and respiratory aller- quire bronchodilators and corticosteroid therapy. Vi-
gen; the refined pyrethrin products are less sensitizing tamin E oil preparations are effective in relieving
and less irritating. A strong cross-reactivity with rag- symptoms of local paresthesia. Corn oil is somewhat
weed pollen has been shown. Pyrethrinsdonot inhibit helpful, but zinc oxide aggravates the sensation7 "
the enzyme cholinesterase.' The rapid rate of hy- Contactdermatitis rayrequireprolongeduseoftopi-
drolysis of both the natural and synthetic molecules cal corticosteroid preparations.r
within the hepatic circulation probably accounts for After acute ingestion, careful gastric lavage may be
the low acute toxicity in mammals, compared to the followed by administering activated charcoal and a
selective toxicity for insects/'u• cathartic. There are no approved antidotes."

Most authorities agree that topical and systemic As a precautionary note, the EPA states that al-
toxicitiesof the pyrethroidsshould beconsidered sepa- though several drugs have been useful in the treat-
rately. In addition, most agree that there are two mentofintentionallypoisonedanimals,nonehasactu-
distinctysofsystemicpoisoningsyndromesY The ally been tested in humans. Therefore, neither the
different syndromes have been used to separate most efficacy nor the safety of the therapeutic compounds
pyrethroid compoundsinto twogroups, types I and II, has been evaluated."
based on their clinically diffcent manifestations of Some authorities recommend that therapy should
poisonings. Intherodent, the typelsyndrome (tremor) be directed toward managing the functional ncuro-
is first recognized by an increased aggressiveness, pathological effects (hyperthermia, choreoathetosis,
followed by the rapid onset of tremor, hyperactivity, and seizures) until the pyrethiroids are metabolized.
hyperthermia, clonic convulsions, and death. The The sedatives phenobarbital and pentabarbitol are
type It syndrome (choreoathetosis with salivation) effective against type I neurological effects when ad-
begins with profuse salivation, followed by a coarse ministered inanestheticconcentrations. Clomethiazole
body tremor, spontaneous writhing, tonic-clonic con- has been shown to be beneficial in deltanethrin poi-
vulsions, and death.' soning (type ID, especially when used with diazepam

Permethrin and cismethrin are examples of type I and atropine. Diazepam, when used alone, was found
compounds. Effects of cismethrin poisoning can be to be of limited benefit in the rodent model and only
induced by placing a small quantity of the chemical moderately effective in the canine model?
within tO.l CNS; as a result, the poisoning effects are
believed toarise from central stimulation. In contrast, Rodenticides
typell compounds such asdeltamethrin and cyfluthrin
act on a broader range of tissues and produce a more Rats and mice may ingest or spoil largequanfitiesof
complex poisoning syndrome? stored food. Rodents may also directly transmit dis-

Signs and Symptoms of Esposure. Acute intoxica- ease and cause discomfort ordisease through bites. In
tion with pyrethroids is uncommon. Patients may addition, rodent parasites can be disease vectors- Ef-
present with signs or symptoms of allergic skin reao- forts to control the rodent population may be directed
tion, eye irritation, .kin irritation, or pulmonary aller- toward removal of harborage, introduction of preda-
gic mediated bronchospasm. Extreme doses may tors, use of traps, and useofchemicals directed toward
cause salivation, tremor, incoordination, vomiting, poisoning of the rodent species.
and diarrhea. Irritability to sound has also been re- Althoughnunm schemicalcompoundshavebeen
ported. Paresthesia has been associated with exposure listed as rodenticides, including thallium, strychnine,
to pyrethrolds in humans who have experienced ef- phosphorous, phenyl- (PNU) and thio- (ANTU) ureas,
fects through local volatilization or liquid contact, and red squii'civilian and military uses are usually
Facial discomfort is reported most commonly; how- associated withtheanticoagulantcompoundsbecatuse
ever, paresthesia of the neck, forearms, and hands are they have a wider margin of safety (see Table 14-6).
sometimes noted. Heat, sweating, sun exposure, and The anticoagulant dicoumarol, first isolated from

oistmnem ayaggravatesymptomatology. Paresthesia, spoiled, sweet-clover hay, was Identified as a cause of
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lethal hemorrhagic disease in cattle during the 1920s. Route of EFposure
The beneficial medical therapeutic and possible
rodenticidal properties were readily recognized o-d Gastrointestinalabsorptionofanticoagulantroden-
several related compounds were rapidly synthesized. ticides is efficient, with warfarin well absorbed within
Warfarin, asyntheticarao& was introduced forclini- 2 to 3 hours of ingestion. In a study of 14 subject
cal trial m 1952 and used to treat President Dwight D. volunteers, warfarin was administered orally at a dos-
Eisenhower in 1955.)3 ageofl5mg/kg. Maximal concentrations of warfarin

Anticoagulant rodenticides are typically applied as were measured in plasmabetween 2 and 12 hours after
baits, either in liquid or solid form. Bait formulations ingestion. The maximal decrease in prothrombin ac-
must meet these four requirements: they must be (1) tivity wasdemonstrated between36and 72 hoursafter
effective in small quantities, undetected by rodents; (2) ingestion.
formulated toavoid baitshyness; (3)lethal withoutthe Dermal absorption is slow but measurable in the
rodents' becoming suspicious of the cause; and (4) rodenL Dermal absorption has not been reported as a
used in a concentration safe for accidental human cause of human poisoning. Toxic ingestion may occur
ingestion or formulated in a concentration specific to if the bait is unintentionally consumed by a child or is
the target species? intentionally consumed in a suicide attempt.

Mechanism of Action Signs and Symptoms of Intoxication

Regardlessoftheanticoagulantbaitform, theactive Signs and symptoms of anticoagulant ingestion
ingredient isaderivativeofcoumarin, suchas warfa- include epistaxis, bleeding gums, petechial rash,
rin or fumarin; ora derivative of 1,3-indanedione, such hematomashemarthrosiscerebralhemorrhageshock,
as pival or diphasin. These compounds have similar and death.
modes of action. They are highly toxic when pure, but
are irncorporated into bait formulations in low concen- Medical Treatment
trations. For example, warfarin concentrations incor-
porated into most baits range between 0.025% and Medical treatmentisprobably not required ifonlya
0.05%. Although detectable reductions of prothrom- few grams of bait are ingested. If largeramounts have
bin can beidentified in rodents within 24 to48 hoursof been ingested, syrup of ipecac followed by activated
initial ingestion, the onset of actual hemorrhage in charcoal and cathartics may be efficacious. If the
rodents generally follows ingestion of I to 2 mg daily amount of the anticoagulant rodenticide ingested is
for one week.""z unknown, phytonadione (vitamin K1) given orally

Coumains and indanediones are effective antico- will protect against the anticoagulant effect with mini-
agulants. In addition to its anticoagulant properties, tal risk to the patient. Phytonadione specifically is
warfarin damages capillary integrity, whiclh precipi- required: vitamin K3 and vitamin K4 are not antidotes
tatesintemal hemorrhage. Indanedionesinducesigns for these anticoagulants.
of neurological and cardiopulmonary injury in the If the patient is bleeding actively, careful intrave-
rodent toxicological model, bit have not been shown nous administration of vitamin K1 consistent with the
to cause neurological or cardiopulmonary effects in specifieddosage-administrationratesisindicated, rec-
humansYWZ ognizing that adverse reactions and fatalities have

Warfarin is an antimetabolite of vitamin K and as been reported in association with this procedure. Ac-
such, warfarin depresses the hepatic vitamin K-de- tively bleeding patients should receive fresh frozen
pendent synthesis of essential dlotting factors U (pro- plasma or fresh blood transfusions in cases of severe
thrombin), VII, IX, and X. The antiprothrombin effect bleeding.
is the best known and is the basis for detection and Prothrombin times may be helpful in judging the
assessment of clinical poisoning. Lengthened pro- severity of intoxication if the ingestion occuned dur-
thrombin time from a toxic dose of coumarins or ing the preceding 15 days. The peak proibrombin effect
indanediones usually reaches a maximum 36 to 72 occursafterabout3daysandprothrombintimesshould
hours after acute ingestion. Newly developed be followed to document peak effect and recovery.'
superwarfarin compounds are much more potent and
theiranticoagulation effects more persistenL Warfarin Herbicldes
has also been identified as a human teratogen that
causes microcephaly, brain malformations, optic atro- Thecompound 2A-dihlorophenoxyacettcadd (2,4-
phy, nasal hypoplaa, and mental retardation-' D) has been used as a growth-regulating substance
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with herbicidal activity since the early 1940s (see Fig- festationofcardiac toxicitybut theoccurrenceofactual
ure 14-2)! 2,4-D has only moderate oral toxicity when arrhythmia has been uncommonly reported. Reported
administered to a variety of animal species. Large renal effects include albuminuria and azotemia."
doses cause death quickly in animals, probably as a Headache, dizziness, stomach pains, nausea,
result of ventricular fibrillation. Lower doses were leukopenia, fever, urinary incontinence, hypertonla,
associated with myotonia, ataxia, paralysis, and coma. and constipation have been reported in humans after
Ofthemammalianspeciestested, thedogwasthenmost accidental or intentional ingestion. Skeletal muscle
sensitive, with an oral LDSO of 100 mg/kg. The no- fasciculations have also been reported. Al"lvugh
effectlevelina2-yearcaninestudywasapproximately myctonia is the most frequently identified sign of
12 mg/kg/day.ý poisoning in animals, it is unusual in poisoned hu-

Limited information is available with respect to mars. Degeneration of the renal convoluted tubule,
human exposuresand toxic doses. Inhumans,100%of glomerular protein deposition, and limited tatty infil-
the radiolabeled dose administered by intravenous tration of the renal parenchyma have been reported in
njection was recovered in the urine. In contrast, only an accidental ingestion by a farmer.3 Serious acute

5.8% of the topically applied dose was excreted in the human poisonings have been reported after the inges-
urine, suggesting that dermal absorption is limited. '  tionofmultigramdoses.' 4 AnanalogofZ4-Ddofibrate,

is used clinically to lower cholesterol levels.O These
Route of Exposme herbicides can be measured directly in plasma and

urine by gas liquid chromatography. They do not
Workers exposed to herbicides via inhalation, in- affect cholinesterase levels."

gestion, or dermal contact may experience clinical
effects. Skin contact is the more common exposure Medical Treatment
route;, however, dermal absorption is not efficient.
Inhalation and ingestion are also possible routes of If eye exposure occurs following a splash, the :yeb
exposure." should be irrigated with copiouw amounts of waefr ýor

atleast 15minutes. If a direct splash into the ey, : "-
Signsand Symptoms of Intmcation occurred, the patient should be taken to a

treatment facility (MTF) for evaluation and necessdry
Although a wide variety of clinical reactions to eye carem.

exposure is possible, depending on the exposure route In cases of skin contact, the affected area should be
and dose, irritant responses are most commonly re- thoroughly cleansed with soap and water. If acute
ported effects of exposure." Irritant responses have irritation occurs, evaluation at the health clinic is indi-
been reported from cutaneous contact, airborne or cated.14

inhalation exposure, and ingestion. Chloracne from Although massive overexposure could require the
the dioxin contaminants in the related herbicide 2,4,5- basic life-savinginterventions suchas airway manage-
T has been reported in heavily exposed workers (see ment, this is usually unnecessary. Respiratory depres-
Figure 14-2). sion, hypolension, metabolic acidosis, hyperthermi,

Eye, nose, and throat irritation may be associated orseiztuesm - -twinseverely pobonedindividals."
with airborne exposures. Pulmonary edema has been Emesis is indicated, using syrup of ipecac, If inten-
reported following inhalation exposures. Ingestion tional ingestion has occurred and if the patient is
has been reported to cause mouth, esophagus, and conscious. This emetic is most effective when admin-
stomach irritation sometimes associated with vomit- istered within 30 minutes of ingestion. Removal of the
ing and diarrhea. Elevated liver enzymie-lactic de- stomach contents via nasogastric intubation is indi-
hydrogenase (LDH), serum glutamic-oxalacetic catedifthepatientisobtunded, comatose, orconvuls-
transaminase (SGOT), and serum glutamic-pyruvic ing. Activated charcoal administration and catharsis
transaminase (SGPT)--have been reported." are recommended following ingestion of chipheoxy

Neurological consequences of occupational expo- pesticides."
sures have been rtepotd to include vertigo, headache, If ingestion could result in toxic clinical manifesta-
malaise, and paresthesias. Higher doses may produce tinns, the following baseline determinations should be
muscle fasciculations, followed by profound muscle obtained: completebloodcountarteialpHbcbon-
weakness and unconsciousness. Rhabdomyclysisand ate, serum creatinine, blood urea nitrogen (BUN), liver
myotonia have been reported in severely poisoned enzyme levels, urinary protein, myoglobin, and
persons." erythrocyte losses; urinary output should also be mea-

Tachycardia has been reported as a common mani- sured. Uver enzymeshouldbemonitored to evaluate
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the significance of possible hepatic injury. Becaus Sodium arsenite has been reported to be a potent
musculartissuedestructionmayoccur, baselinelevels cause of a number of cutaneous lesions, including
of serum creatine phosphokinase and -nyoglobin corrosive ulceration. In addition, among pesticide
should be measured. Ongoing evaluations of liver .ipplicators, it has been associated with erythema,
enzymes and myoglobin levels should be pev.ur papular dermatitis, and folliculitis. Among previ-
following intentional ingestion. When signiticm.i, ou5tlysensitizedpatients, somecasesoffolliculitismay
myoglobinuria is seen, alkaline diuresis should be actually be seen at low-exposure concentrations as a
instituted 'o enhance ehmination." Alkaline diuresis result of allergic cutaneous responsieness. Ulcer-
appears to improve renal clearance of 24-D. ation of the hands, feet, and scrotum have been re-

If inhalatiozv has occurred in an enclosed area, the ported. Whiletrivalent arneniccompoundsareassocz-
patient should be removed to fresh air. The patient atedwithskincorrosion,arenictrioxideandpentoxide
may experience irritation of the rempiratory tract as compounds are usually reported as skin sensitizers."
burningdiscomfort in theairway. Cough and respira- Although arseniccompounds havebeena: ; -lated
tory distress may follow high-dose inhalation expo- withbothskinand pulmonarycancerin humantide-
sures as evidence of pulmonary edema. Bronchitis or miological studiesarsenic has not yet been reported as
pneumonitis may occur. Supplemental humidified o carcinogen in standard laboratory animal models.
oxygen or assisted ventilation may be required in Arsenic is identified as a human carcinogen in the
extreme cases." The treatment of 2,4-D exposure is statutory occupational requirements promulgated by
symptomatic, with this exception: quinidine sulfate OSHA. TheEPAhasbeenactivelyreviewingtheassue
has been used in the management of tachycardia of potential carcinogenicity and has recetly acted to
and may be helpful in treating the skeletal muscle withdraw product registrations.
dystonia.3  Small doses of arsenic-containing compounds in-

Many chronic adverse health effects from expo- duce vasodilation. Increasing doses stimulate capil-
sures to this group of pesticides have been alleged. lary dilatation and increase capillary permeability.
Howeve_, ina 20-year follow-up of the health status of Transudation of a large volume of plasma may cause
US. Air Force veterans who were exposed to herbi- profound hypotension with secondary arteriolar and
cides in Vietnam, only basal cell carcinoma was more myocardial damage. Abnormalities of the electrocar-
frequently identified among the herbicide handlers3 s diographic record may persist for months following
The possibility that the association was spurious has acute poisonings."
been noted." Inorganic arsenicals cause increased blood flow

through the bone marrow, which alters the marrow's
Sodium Arsenite cellular composition. Moderate doses of inorganic

arsenicals depress the production of both erythrocytes
Sodium arsenite (NaAsO2) is used as aqueous solu- and leukocytes, possibly through inhibitory actions on

tion for weed control, and it has limited use as an folic acid interactions."
insecticde."'Arsenicalcompoundsdemonstrateaspec- Inorganic arsenicals are considered to be potent
trum of toxicity based on their chemical composition hepatotoxins. Poisonings have been associated with
and arsenic valence state. The generally accepted central necrosis, fattyinfiltration.andcirrhosis. Acute
orderoftoxicity isfromthemoretoxicarsine(trivalent); yellow atrophy and death may occur.
through the organo-arsine derivatives, arsenites In a 1977 report concerning the state of California,
(trivalent); arsenoxides (trivalent); arscnates (pen- 291 of 2,228 pesticide exposures involved sodium ar-
tavalent); other pentavalent organic compounds; senite ingestion. Dosages as low as . mg/kg may
arsonium metals (monovalent); to the least toxic, me- induce serious toxicity and dosages as low as2 mg/kg
tallic arsenic. The active component of sodium arsen- may be lethaL"
iteisthearsenite,or trivalent arsenic, moiety. Arsenite
has been shown to be much more toxic than the pen- Route of Exposwr
tavalent form, arsenate.'tl"

Acute poisonings are associated with both inten-
Mechamism of Actieu tional and accidental ingestion. Chronic oral intoxca-

tion is associated with arsenical compounds used as
Acute ingestionof more tha- ,00mgofthearsenite medicaments. Skin contact may result in localized

compound has been reported to be associated with pathology but has not been associated with poison-
significant toxicity. Ingestion of 200 mg of a related ings. In1dlational exposure is possible, depending on
compound, arsenic trioxide, may be fatal in an adult." the exposure circumstances."
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Signs and Symptoms of Intoxication Chest and abdominal X rays should beobtained for
all patients being evaluated for arsenical ingestion.

Acute symptoms usually occur within 30 minutes Timely, thorough gastric lavage is indicated for pa-
to I hour from the time of ingestion unless simulta- tients with acute, possibly toxic, ingestion. Whole-
neouslyconsumedfooddelaysabsorption Agarlidike bowel irrigation has been recommended if radiogra-
odor may be noticeable in the breath or feces. phy identifies arsenicals in the intestinal contents.
Dysphagia, esophageal pain, stomach pain, coL-, and Although activated charcoal has somewhat specula-
profute, watery-sometimes bloody-.diarrhea have tive benefit, its use is recommended following lavage.
been reported. Dehydration, hypotension, tachycardia, If there is no primary diarrhea associated with the
and fluid and electrolyte disturbances are common. arsenicingestion,theadministratioa of sodium sulfate
Hypovolemicshock, sometimes with associated intes- as a cathartic should be considered."' Morphine may
tinal blood loss, and cardiac abnormalities including be administered in cases of intense abdominal pain.
tachycardia, QT interval prolongation, alterations in Aggressive fluid and electrolyte management is
the T wave, and ventricular fibrillation have been required for individuals who ingest arsenicals, and is
reported in acute exposuwes. Chronic exposures have especially critical for those who are hypovolemic. A
been associated with myocarditis." high output of alkaline urine should be maintained."

Acute exposures by direct contact with trivalent In some circumstances, pulimon edema has been
arsenic-containing compounds can cause eye, mouth, associated with arsenic poisoning.
and skin corrosion. Chronic exposures have been Symptomatic patients should be promptly treated
associated with cutaneous and nasal septal ulcerations, with the chelating agents dimercaprol (23-dimercap-
and nasal septal perforations have been reported. topropmtL alsoknown as British anti-Lewisite[BALl)
Cutaneous responses to chronic arsenical exposures and pnicillamine. Toavoid adverseeffects from BAL
may include hyperpimnentation, keratoses, and epi- administratim it houldbeadministered intramuscu-
dermoid carcinomas. larlyat a rateof3 to5 mg/kg/doseevery4to 12 hours.

Acute arsenic exposures have been associated with The dose requirement and frequency of administra-
CNS and PNS effects including alterations of mental tion should be correlated with tw "egree of arsenical
status, convulsions, toxic delirium, chemical-induced poisoning. Tapered doeesof BALshouldbecontinued
encephalopathy, and delayed perioheral neuropathy. for 5 to 8 days in patients who are allergic to penicil-
Hematuria and acute tubular necrosis have been re- lin." Anotherauthority recommendssomewhat lower
ported complications of acute arsenic poisoning." dosages: 2.5 to 3.0 mg/kg/dose every 4 hours and

Acute poisoning can cause hemolysis. Chronic tapered over about 2 weeks.*
arsenic exposures have been associated with bone Asthesignsandsymptomsofacutears~micpoison-
marrow depression, pancytopenia, aplastic anemia, ingsubsideasaconsequenceofBSALtherapy, penicil-
and leukemia." Inorganic arsenicals may cross the lamine should be prescribed as soon as possible for
placenta and have been associatei with fetal deth if patients who have no history of penicillin allergy. For
chelation therapy wzs not prompt" adults, therecommended dose for oral administration

of D-periclllaiine is 100 mg/kg/day up to 2 g daily,
Midical Treatment provided in four divided doses for a total of 5 days.

The recommended dosage for children is 25 mg/kg/
Individuals w:th a history of possible acute arsenic day in fourdivided doses daily, not to exceed a total of

ingestionrequirecareful medicalevaluationand timely 2 g." Another authority recommends, for children
medical management. A complete blood count uri- younger than 12 years, 100 mp/kg/day in 4 divided
nalysis, and baseline levels of serum electrolytes, liver doses, not to exceed I g daily.
enzymes, BUN, and creatinine should be obtained Combined BAL and penicillamine the7apy should
immediately. Urinaryand blood arsenic levelsshould be cosidered for severely poisoned patients. The
be obtained A 24-hour urine specimen should be dosages of chelating agents must be adjusted if renal
analyzed for arsenic excretion. Urinary arsenic excre- complicaticnsoccurasa result of thearsenic exposure.
tions exceeding 100 pg have been reported to indicate Hemodialysis may be necessary if renal function is
abnormal excretmy levels." However, individuals impaired and if removal of the chelated arsenical
who consume diets rich in seafood may excrete 200 yg complex is deired. Dimercaptosuccinic acid is cur-
or moreofarsenic perday.r Individuals with possible rently being investigated as an alternative to BAL"
surface contamination should be washed with soap Complicaticr6 associated with the admdnistration
andwater. Decontaminationofallarems indtdingthe of BAL include acute signs and symptoms such as
hair, should be thoroughK'"6 nausea, headache, restlesýs, anxiety, paresthesia,
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pain, tearing, tachycardia, and hypertension. In se- papular rash, fever, depressed leukocyte counts,
lected patients, antihistamines may be beneficial in eosinophilia, lymphadenopathy, and joint pain. BAL
managing these complications. Other common side therapyhasalsobeenimplicatedinanumberofother,
effects from BAL administration include maculo- less common comvlications. t"

FESTICIDE LEGISLATION

Numerous federal, state, local, and DoD regula- TMeFdmrtudid, Fikir- and RodwAdde Act
tions have been promulgated to ensure the propex use
and disposition of pesticides. A brief historyof federal The first law regulating the transportation of pesti-
pesticide leislation may, help the reader understand cides in interstate commerce was enacted in 1910: the
the political concerns about pesticides. Federal Insecticide Act was designed to protect farm-

Pesticide legislation is in a constant state of flux. ers from the distibtion of fraudulent and substan-
Current laws continue to be amended and new laws dard pesticide products. In 1947, the Federal Insecti-
continue to be enacted. Thepurposeof this legislation cide, Fungicide, and Rodenticide Act was enacted. It
is to protect those who apply pesticides, the bystand- superseded the 1910 Act and required that pesticide
ers, and the environment from the harmful effects of products be registered and labeled with the US. De-
pesticide residues. Therefore, all participants in the pa etof Agriculturebeforebeingshipped ininter-
pesticide section of the occupational health program state commercv. The Federal Insecthde, Fungicide,
must be familiar with the current, pertinent military and Rodenticide Act also attempted toensure thesafe
regulations and te wreqiements of federalstate, and use of pesticide by requiring them to be labeled with
loc reguUtions.

e the manufacturer's name and address;
The Federal Rood, Drui, and COmetic Aj e the name of the pesticide,

e the net contents;
The first federal law regarding pesaddes was the * a statement of ingredients;

Food and Drug Act of 1906. It required that food * warnings to prevent injury to humans and
shipped in interstate commerce be pure and whole- other animals, plants, end organisms that are
some. Although pesicideresidues were notaddressed not targets; and
in this act, their exclusion was eventually identified - directions for use that would protect the user
and the act was completely rewritten. The 1938 legis- and the public.
lation was calied the Federal Food, Drug, and Cos-
metic Act it established the allowab levels of pesti- In 1972, the most important revision of the Federal
cideresidueson foods. This legislation was thefederal Insecticide, Fungicide, and Rodenticide Act was com-
government's first attempt to protect consumers from pleted; this revision, entitled the Federal Environ-
foods that had been contaminated with pesticides, mental Pesticide Control Act, prohibited the use of

In 1954,Public Law5l8, commonlycalled theMiller any pesticide that was inconsistent with the warnings
Amendment, amended the 1938 Federal Food, Drug, and directionsonthelabel. Inotherwordsthebdus
and Cosmetic Act. This amendment established pesti- the kw. Another provision oftbe 1972 revisim regu-
cide toke•c (allowable residues on a raw agricul- lated pesticides within states, notonly thoseinvolved
tural commodity). The Miller Amendment stated that in interstate commemre this was au ifmportant devel-
a commodity could be considered adulterated if (a) it opment in the regulation of pesticide on a national
contained a pesticide residue that had not been cleared leveL
for safety or (b) it exeeded the allowable tolerance. The Federal Envionmmt Pesticide Control Act

The Food Adaitives Ameindment, enacted in 1958, also required thiat pesticides be categorized as Geivra
further amended the Federal Food, Drug, and Cos- Use Ptstwdme anid ROriced Use P&ests. General Use
metic Act in 1958; it regulated the use of food addi- Pesticides are those pesticides that the public uses.
tives and established pesticide tolerances in prooessed Restricted UsePesticides must beapplied by or under
foods. An extremely it"otant part of this amend- the direct sup on of, trained and cerdfied perso
ment was the Delney Clause, which prohibited the nel. A certification progrm was mundated within
use of a pesticide or a food additive that had been ehstatetotrainandcerifythepem whocould
shown to cause malignant tumrs in laboratory anm- apply the pesticides included in the Restricted Use
reals at any dose. category.
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"The Environmenta! Protection Ages" (FR) and documents revisions to the published re-
quirement or interim supplementation with new re-

In 1969, the National Envuinental Policy Act quirements. When the annual copy of the CFR is
becamea law and established the EPA. The legislation published, the new edition automatically incorporates
transferred the authority for pesticide regulation and all i changespublished in the periodkIFRsupple-
registration from dhe US. Department of Agriculture ments. In addition to providing regulatory require-
totheEPA. At the same time, the authority to esmablish ments, the CFR also documents the current, mandated
pesticide tolerances was transferred from the Food PELs. InsomecasesspecdficmedKalrequrementsare
and Drug Administration to the EPA. However, the identified.
authority for enforcement of tolerances remains with DoD Directive 1000.3 (29 March 1979, with Change
the Food and Drug Administration. 1, 17 April 1979) established military policy and pro-

vided implementation guidap'- for occupational
Occupaional Safety and Health Regulation safety and health. Health specitic requirements for

the Department of the Army (DA) are identified in
In 1970, the Wiliams-Steiger Occupational Safety Army Regulation (A)40-5, PrrvmtiireMedicin, Headth

and Health Act was enacted into law. OSHA was and Eiwnrmmemt.
established as the regulatory authority to implement For occupational health professionals to proide
theact and establish policyunder theUS Department appropriate care for military employees and soidiers,
of Labor. The National Institute for Occupational they mustbeawareof thelegal and regulatoryrequire-
Safety and Health (NIOSH) was established, as an mentsthatdir ctthe provisions for care. Federal legal
integral requirement of the act, to provide scientific equirements mandatethatoccupational illnesses and
guidance and recommendations for the regulatory injuries are to be reported on the OSHA log. Army
authority. Executive Order 121%, dated 26 Febuary regulatory requirements specify that workers diag-
1900, required federal agencies to comply with OSHA nosed with occupational illnesses, such as symptom-
requirements. OSHApromulptesregulatory require- atic pesticide-exposeýl workers, are to be identified in
ments and documents the currentannual requirement military occupational and safety health repotts. State
in the most recent volume of T'tle 29, Code of Federal legal requirements are variable. Maryland and Cali-
Regulations (CFR), part 1910, Occupt.io Sety nd fornia are ex.mples of states that require physicians
Hadth Stendamis. OSHA publishes periodic updates who are licensed by the state to report all illnesses of
and revisi of 29 CFR 1910 in the Federal Register occupational etiology.

THE U.S. ARMY PESTICIDE OCCUPATIONAL HEALTH PROGRAM

Any organization, installation, or activity that uses sent to the command headquarters. Confirmed or
or stores pestcides must havean Occupational Health suspected health-related problems associated with oc-
Program to monitor pesticide use and to impment cupational exposure to pesticides must also be re-
procedures to protect the health of worker 7T.e pro- ported- The purposes of the report are to (a) provide
grapn addresses (a) health reports, records and forms, essential inforrmtion about the diumstances associ-
(b) protkcve equipwet (c) emergency medical treat- ated with the probleknb) identifyadditionl resocm
ment, (d) pesticide handling and applications, (e) pest- that are necessary to solve the problem and (c) provide
"ccatrol equipment and facilities, )) field occupational information concerning problem resolution.
health, (g) medical surveillance, and (h) action levls Extensive occupational health records, personnel
for medical removal and return-to-work policim records, andexpumcnitongcorsaremqred

to provide and document the healthcare provided to
Health Reports, Records, and Forms all workers who handle pestides (see Chapter3, U.S.

Army Health Program and Services). The personmel
Commiad headquarters (eg, Health Services Corn- office should work closely with the pesticide program

mand IHSCI or Army Materiel Command IAMCD) managementtoassurethatalljobdescniptionsclearly
must be informed--through mandatory commard ddineate the worksite requirements and the medical
health reports-ofeenvironmental releases and health- conditions that cannot be accommodated in the pesti-
related problemsinvolvingpesticides. Environm tal cdde-workshopenvironment
accidentsresultingfromtheuse, storageordisposalof After employment, preplacement examinations
pesticides should be identified on any health report must be provided for pesticide applcatorsm Thee
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document the patient's baseline health status and en- area. The results ofcontinuingmedicalsurveillanceor
sure that PPE can safely be used (eg, respirator fit and exposure-related medicalexaminatiomordinicallabo-
heat tolerance). Careful administrative management ratory analyses mustbecarefully reviewed, compared
procedures must be provided to ensure that there is with the pmeexisting information, and documented.
appropriate coordinationbetween all health and safety Special careshould be exercised to properly docmnent
personnel who are required to generate ormaintain (or and report workplace accidents, injuries, and illnesses
both) records related to employmenL in the medical records. Healthcare providers must

Comprehensive recrds and forms should be main- ensure that Department of Labor forms for reporting
tained for all pest-control or pesticide-handling work- illness or injury and compensation are completed in a
ers. To ensure that working conditions are in compli- timely fashion.
ance with OSHA requirements appropriate industrial
hygiene site-visits, pesticide-applicator monitoring Eumeency Medical Treatment
data, and safety-surveillance records are vitally im-
portanL Accurate sampling, analysis, recording, and All employees who store, handle, and apply pesti-
interpretation are necessary in work areas where po- cides should be trained and able to practiceemergency
tential pesticide exposures may occur (eg, in pest- measuresthatensureboththesaferemoval ofexposed
contolshopsandpes ideoamgewarehouses). These individuals from the contaminating source and their
results should ahobe prominently posted in the work careful decontamination. All employees should me-
area to notify employees and thdr supervisors. ceive some basic life-support training. Employees

An important method used to idetify the need to should demonstrate the appropriate use of PPE to
mitigate exposure or to modify work practices is to predudeself-contamintionandbeabletoimpement
obtain workplace data concerning pesticide concert- the necessary procedures to assure that the spread of
trations associated with storageoruse. Asnoted prey- contamination will be limited.
iously, the concentrations and durations of potential Because pesticide antidotes are prescription medi-
exposu1e to a pesticide are critical variables in this cations, such antidotes should not be provided for
hazard evaluation. Exposure data should be carefully employees to use unless the individual employees are
obtainedbyindustrialh, -enists whencircumstances properly trained and granted dinical privileges to
indicate that unacceptable expoures could occur in the provide emergenc-response medical care. In certain
workplace. The industrial hygienist should (a) collect circumstances where extremely toxic chemicals are
data and keep a documented record, (b) formally no- involved-such as military nerve agents--employees
tify the employee, area supervisor, and occupational maybeallowedtocarrytheantidote~adminsterbuddy
healthcare provider, Wc) identify corrective actions, aid, and inject themselves. Nonmedical personnel
and (d) ensure their implementation to reduce poten- who are expected to use prescription antidotes and
tial exposures, if monitoring data reveal concentrations perform emergency care must learn to recognize the
of pesticides above the action leve. Documented expo-
sures above the action level and all pertinent informa- a events that precipitate use,
ton must be provid to theoccupational health dinicin 9 quantity and frequency of administration and
order to allow appropriate planning for medical care. * adverse effects associated with such use.

Individuals who are required to perforn poten-
tially hazardous operations (using engineering con- Unless access to first-aid kits can be carefully con-
tols or PPE to mitigate or prevent their exposures) trolled, they a.-e used only by trained individuals, or
should also be afforded appropriate medical surveil- the work is being performed at a remote site, first-aid
lance examinations to document that their health is kits should not be available or used at the workplace,
maintained. The absence of adverse health effects If managers decide that first-aid kits should be placed
among these workers may be useful to demonstrate in work areas, medical personnel must approve the
the efficacy of engineering controls and PPE. kits' contents; and pesticide workers must receive

The health history obtained from employees prior approved first-aid ftainin Pteures for safe first-
to, periodically, and at the termination of employment aid kit use, kit resupply, accident reporting, and ap-
must becarefully documented and retained fora mini- prop.temedkAlfolow-upevaluaticnshouldbecare-
mum of 30 yearsafter the termination ofempnoyment? fully documented.
In addition, results from any atmospheric sampling The healthcare facilities that provide occupational
should be included and retained in the military or health or genetrl medical services must maintain a
civilian worke'smedical records. These resultsshould pharmaceutical inventory with necessaryquantitlesof
be identical to those that have been posted in the work specific and appropriate antidotes, reversal agents,
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and anticonvulsants. In addition, the facility must uled, periodic pesticide treatments should be prohib-
incorporate sufficient emergency-support equipment ited unless a pest-control professional specifically ap-
to manage an emergency situation, and healthcare proves, and these preventive treatments should be
providers must be properly trained and medically done only if surveillance has indicated past or current
credentialed. Emergency-support agreements with problems with pests. Furthermore, at least two pest
nearby evacuation services and hospitals should bee controllers should perform pesticide operations such
implemented and continuously revised to assure that as fumigation that are particularly hazardous.
timely support is available. Food-handling areasand MT1srequirespecial con-

siderations for pest management; noncnemical pest-
Pest-Control Equipment and Facilities control methods should beattempted before chemical

measures are considered. In food-preparation areas,
Industrial hygiene, safety, and occupational health pesticide treatments should be conducted only (a)

personnel should ensure that (a) pest-control equip- when the food-prepartion area is not in operation and
ment is compatible with the pesticide formulation that (b) according to the pesticide labers instuctions. Pes-
is being applied, (b) the equipment is available and ticides should not be applied routinely in MIFs, but
calibtrated property, and (c) the pesticides are trins- only when the pest infestation warrants the use of a
ported properly. Engineering controsand PPE should pesticdeand then only administrativeorstorageaeas
be certified as operational. The appropriate care and should be treated. Pesticides should not beapplied in
use of the equipment should be documented. The patient-sensitive areas such as intensive care wards,
following factors must also be considered in the trans- emegency rooms,orinfant nurseries. Itisparticularly
portation of pesticides: important that pesticides not be applied in neonatal

wards- infants have low blood cho-inesterase duo-
"- Vehicles used to transport pesticides, particu- linters it pesticdesused i neonatal wards

lary pest-control vehides,should be equipped could cause serious health problems.
with lockable storage areas and separate cabs A pest-management coordinator should be ap-
for passengers. pointed in each MTF. All pest sightings should be

"* Transporting pesticides in the cabs should be reported to the coordinator and any actions taken to
prohibited. control pests in the facility, including the use of pesti-

"" Vehicles assigned to the pest-control shop cides, should be documented and maintained by the
should be used only for pest-control activities. coordinator. Specific guidance for pest management

" "Pesticide spill kits should be placed on each operations in medical treatment facilities is provided
vehicle, in Armed Forces Pest Management Board Technical

"* A portable eyewash should be available on Information Memorandum 20.V
vehicles that are located at remote pesticide-
application sites. Medical Surveillance

"* Emergency telephone numbers should be
posted on pest-control vehicles. Comprehensivemedical survefllanceisanessential

element of a functional occupational health program.
Pesticide storage and mixing facilities must con- As a program element, the term medik sunvOance is

form to not only federal workplace safety and health a misnomer Thesurveiance element is composed of
requirements, but also to state and local fire codes.- (a) general medical and specficoccupationalexposure
Pesticide labels, Material Safety Data Sheets, safety historyreview,(b)target-organ-systet-focusedmedi-
data prepared by the manufacturer, and a current cal examination, (c) selected clinical laboratory analy-
pesticide inventory for the pesticides that are stored ses, and (d) medical intervention, depending on ex-
and in use should be available for the employees! aminationfindings. Incontrast to its useas a program
is- v. Plans to adequately contain a pesticide fire at elementingeneral preventivemedicimthetermmedi-
% lity should be prepared and updated annually. cal surveillance is a separate, descriptive tern. In that
U.es should be provided to the local fire depart. context, medic surveillance is a type of secondary
metntpolcedepartmen, hospitals,and sa&ty offices." preventionirected toward identification ofexposure

effects at the time of organ-system injury, prior to the
Pesticide Applications onset of permanent damage (impairment). For com-

parison, the term biological exposure index (BEI) is
Only personnel whoare trained and certified should used as an element of primary prevention to identify

apply pesticides orsupervise theirapplication. Sched- and measure the specific chemical, or its metabolites,
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in biological fluids. Measurement ofthechemicalorits posure profile of that employee. Specific medical
metabolite may not prove to be medically useful ex- surveillance tests or appropriate biological exposure
cept to define whether a possible exposure has oc- indices should be identified for the employee on a
curred. For the BEt to have maximal utility, a dose- case-by-casebasis. ifageneralizedexposurepotential
response relationship for humans must have been to numerous chemicals exists, an extensive surveil-
determined for the chemical or metabolite that has lance examination is usually required. The healthcare
been measured. providershould coordinatewithindustrial hygienists,

The toxicities of the chemical materials, the poten- safety professionals, and supervisors to design spe-
tial for cumulative effect, and the potentially serious cificexaminations focused to the individual employee.
medical consequences of long-term, low-dose expo- Although coordination among these individuals fos-
sures make a medical surveillance program essential ters a better medical understanding of the workplace,
for pesticide workers. The interdependent industrial the healthcare provider must remember to maintain
hygiene, safety, and medical factors that exert impor- the confidentiality of medical information.
tant influences on the type and extent of medical Medical surveillance examinations of pesticide
surveillance programs, include workers are provided for all employees who have the

potential ,or exposure to pesticides in excess of either
"* the number, amount, and toxicity of the pesti- the statutory (29 CFR 1910) or the recommended expo-

cides being handled; sure levels. The ACGIH annually publishes the cur-
"- the potential hazards associated with the for- rent, revised set of reammended exposure limits and

mulations; action levels. Both OSHA and ACGIH limits identify
"* the potential hazards associated with the ap- levels that should be safe for the traditional worker

plications that are being performed; exposure (40 h/wk for the duration of employment).
"• the presence or absence of a well-ventilated, This examination is provided for any employee who

properly designed and constructed pest-con- has the potential to become exposed at or above the
trot shop or warehouse; leal regulatory, or advisory exposure levels despite

"* the degree of compliance with procedures that the presence or use ofengineering controls and PPE or
are intended to minimize pesticide health haz- if administrative work practices fail.
ards; and

"* theextent ofindustrialhygienesurveysrelated Pr'ephlamt Ermbination
to personnel exposures and the results that are
obtained with a workplaceenvironmental sur- Preplacement examinations are performed before
vey program, an empioyee is assigned totheworksite. Asa result of

the Americans with Disabilities Act (ADA, which be-
As a tool to tailor medical surveillance for the indi- came effective in 1992. and by 1994 will cover compa-

vidual pesticide worker, a health and safety hazard nies with more than 15 employees), the characterand
evaluationis necessary to fuIyanalyze thecumulative type of examination performed prior to employment
importance of the factors. For example, potential ex- or job assignment has changed dramatically.* In
posures of pesticide workers are, as a rule, n. re- short, before the statutory requirement was imple-
stricted to one particular substance. Usually a number mented, individuals presurmed to beat increased risk
of pesticides, formulation components, solvents, and fromexposurecould beexcluded from employmnentor
cleaning agents with very different modes of action and particular positions. Since the ADA became effective,
degrees of toxicity are used intermittently and simul- however, it is illegal to refuse employment or place-
taneously. The comprehensive set of emnployee-spe- ment for the individual who may be ill-suited to per-
cific exposure possibilities represents the individual's form the job unless specific concitions of employment
exposure pMf0k. A comprehensive medical surveil- are published in the job description. If a potentially
lance program is optimally developed to identify the susceptible employee is hired in theabsenceof specific
empklyee who has had a gradual decrement in cho- exclusions (conditions of employment), the work site
linesterase as a result of ongoing organophosphate must be reconfigured to accommodate the employee.
exposure before the worker experiences symptoms The preplacement examination for potential pesti-
from the application of a carbamate insecticide. cide workers, performed by a physician or properly

Medical surveilianceezamina tions--pmplaceent privileged and supervised healthcarepro.idershould
periodic, and termination-should be specifically de- include
signed for each employe the contents of the medical
evaluation should be determined by the potential ex- * a comprehensive medical and work history
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" a physical examination with particular atten- immediate medical evaluation and then be removed
tion to the cardlovascularand respiratory sys- from further exposure to cholinesterase inhibitors.
tern to evaluate the employee's ability to use Individuals can be cleared to return to work when the
respiratory protective equipment; enzyme levels reach 80% of the patient's baseline.

"* an examination of the hepatic and renal sys- Plasma cholinesterase (sometimes called pseudo-
tems to ensure that employees will not be cholinesterase or butyrykholinsterase) may be sig-
unusually susceptible to ill effects from pesti- nificantly changed with short-tern, relatively high-
cides.formulationproducts, solvents, ordean- dose exposures to cholinesterase inhibitors. The
ing materials; reactivation and replacement kinetics of the plasma-

"• examinations of the m e and ner- associated enzyme do not permit their being used in
vous systems to identify preexisting neuro- routine surveillance, although the plasma measre-
logical disorders, incluting ment can be used to confirm a very recent pesticide
Sevaluations of PNS and CNS functions, and exposure.

o mental status and limited neuropsychiatric
evaluations; Periodic Ereaiuations

"" a chest X ray;
"* spiromefty, including Aphyskianorprilegedheslthcarprovklershould

o forced vital capacity (TVO and performaperiodic examiationbased onthe worker's
o forcedexpiratoryvolumeatlsecond(FEV1 ); potential for exposure to pesticide levels above the

"- a complete blood count; action levels identified by OSHA or the ACCI.L Th
"* liver functim tests (such as SGOT and LDH); examination should be focused within thescope of the
"* renal function tests (such as creatinine and preplacement eamination and should be dependent

BUN). on the potential exposure hazard. The frequency of
this exatriation is arbitrary, it can range from annu-

The preplacement examination may include a vari- ally to a frequency that depends on the worker's age
ety of other elements if indicated by the potential and health. For example, an age-related examination
exposure profile. For example, for individuals who could be performed on individuals with a minimal
will be required to work with the organophosplate potential for pesicide exposu workers younger
insecticides, one component of the examination is the than 40years of age would be examined every 4years;
determination of the baseline erythroyte cholinester- workers 40 to49yearsofage would be examined every
aselevel. Subsequentanalyses during periodic exam- 2 years; and workes 50 years and older would be
nationsorafter suspected exposures will be evaluated examined annually.
by comparing with the baseline level. Periodic examinations mustbeperfomwd on work-

"The erythxocyte Chon btraseba e determina ers who require PPE to verify that the level of protec-
tion is defined as the average value of three separate tionis adequate. Thexamining healthcareprovlder is
eryhocy•-associated cholinesterase rresponsIle for coordinating with the personnel who
obtained during a 9- to 14-day period. Cholinesterase charmterize and document exposure profiles so that
measurement methods must be subjected to judicious appropriateand timely periodic examinationsare pro-
qualitycontrolpocedures, bcthlnsideand outsidethe vided to all appropriate workers.
laboratory. Quality control is esential to assure con- The need for more extensive surveillance increases
sstently eproducileand reliablresults. LAboratory in situations when
consistency is critical because "normar levels vary
widely among individuals, but change very little over * more toxic or hazardous pesticides are used,
time in the same individual. Several methods have * medical examinations indicate that more fre-
been developed for the analysis of cholinesterase 1ev- quent monitoring is necessary, or
el's Extreme care must be taken to ensure that all * a health- or safety-hazard evaluation reveals
subsequent samples are analyzed by the same, care- that potential pesticide•exsures ould affect
fully controlled, technique. Results of each test must workers health.
be reviewed by an individual who has been granted
clinical privileges to provide this type of care. If the medical surveillance program is extended

Teerythebcytechlneserasebaselineaindall sub- because of potential-or actuat-ufavorble work-
sequent test results should bedocumented graphically ing conditions, the extension should be considered as
(Figure'14-8). ndividuaswhoseerythrocytecholines- an interim measure until more•ffective controls are
terae is depressed more than 25% should receive an installed.
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Regardless of the worker's age, a brief, focused Deteminationsoferythrocytecholinesteraseevels
interim review of history should be documented. A should be performed more frequently when workers
carefully elicited history of a general pesticide worker are required to handle, store, mix, or use organophos-
who has a wide potential for exposure, should, at a phate insecticides. For example, if frequent applica-
minimum, evaluate the organ systems mentioned in tions arerequired during thesummer, monthly deter-
Table 14-11. Liver- and kidney-function tests and a minations of the enzyme level should be documented
complete blood count should be performed annually. asa prudent medical practice. In winter, if no potential
If other occupational exposures exist (such as high existsforexpornodeterminationofcholinesterase
noise levels from the vehicles or aircraft used for levels would be required.
sprayingpes ces), appropriate medical surveillance Theresultsofperiodicexaminationsshouldbenega-
of the effects from these other occupational exposures tive. If deviations from the normal baseline occur for
should also be provided, occupationally related reasons, more frequent or more

The frequency of periodic determinations of eryth- extensive examinations may be indicated. At the same
rocytechron er velsshouldbecarefullyplanned time, an investigation should be initiated into the
for each individual, focusing on the potential for sig- cause of the deviation, with specific attention directed
nificant exposure to oranophosphate insecticides or toward engineering controlsPPE, and work practices.
similar, militarily uniquesubstmnces. Ifanemergency
ora worker's breach of protection has caused anexpo- nrtermitatiox Exantiof
sure, the results of the cholinesterase analysis should
be charted immediately on the clinical graph a:d For employees who have been associated with pes-
compared to the individual's baseline. In addition, a ticide use, pretermination examinations should be
cholinesterase determination and comparison with performed within 30 days of the termination of their
the baseline are required when a symptomatic mdi- employment And as was previously discussed, the
vidual is evaluated. employees total employmenthealthhistory-oftained

TABLE 14-11

HISTORY AND PHYSICAL EXAMINATION FOR PESTICIDE WORKERS

Enhtiac.Cego"s ArmomeEmph

General History Appetite, unexplained weight change. fatigue, work-site exposure potential

Visual Acuity, need for prescription inserts, dimness and blurring of vision, unilatera or bilateral
miioss, pressure, chemosis, allergic conjnctivitis

Respiratory Rhinonhea, breathing difficulty, cough, tightness of chest, bronchoconsriction. increased
bronchial secretih , wheezing asthma, recurrcnt respiratory allergies respirator wear (use
test), cdaustrohobia, pumonary-function testing, if needed

Cardiovascular History of cardiovascular difficulty, atrial or ventricular arhythmia. fainting, evidence of

cardiac susceptibility, blood ptessur history, family hatory
Gastrointestinal Hstory of ulcer or chronic bowel disease, neurological assessment for sphincter tone, history

of incontinence or oiling
Cutaneous Sweating disorders, heat tokeranz metabolic or genetic disorders, beard pattern, eczema.

exfoliation, contaw dermatiis, hematoma, easy bruising. petecha
Genitourinary Frequency. incontinence, history of renal disease
Musculskektal Localized or generalized fasciculation. respiratory insufficiency (paralysis), weakness, cramps,

twching strengt symmety, family history
Nervous Anxiety, giddiness, restlessnss, depression. eaotional lability, excessive dreaming. trmor,

nihtmares, confusim headach, ataxba.pnea. convulions, paresthea mentat status exam,
general neurological evalution, affect, mood, memory, Judgment

Henratological Eythi e cholinesterase. basine (for organophosphates)
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from preplacement, periodic, illness or injuy, and the worker is found to have depressed levels of eryth-
pretermination examinations-must be retained fora rocyte cholinesterase, which is fully reversible over
minimum of 30 years? All normal findings, together time if no additional exposure occurs, the following
with any details of exposure and abnormal findings policies should be adopted:
that could be ascribed to pesticide exposure, must be
evaluated and documented before the employee's * The worker must beremoved from workwhen
record is further disposed or retired. the erythocyte cholinesterase activity is de-

pressed to 75% or less of its baseline value.
Action Levels for Removal and Return-to-Work * The worker should be permitted to return to
Policies work when the erythrocyte cholinesterase ac-

tivity has returned to 80% ormoreofits normal
In general, any abnormal finding that could be value, provided that this level is confirmed by

related to pesticide exposure should cause the em- a second test. In addition, the worker must be
ployee to be removed from further exposure until a asymptomatic and have had no exposure to
complete evaluationis made with respec to the extent, cholinesterase inhilbts for at least 1 week.
cause, and signi:mcite of thefinding. Theemployee's • The erythrocyte cholinesterase levels should
return to work should not be recommended if pesti- not routinely be evaluated more frequently
ode exposure could further harm the workers health, than once per week because the nomal recov-
evm ifpesticid expcmire did not cue the abnorniwty. If ery rate is appoxinmately 1% per day.

SUMMARY

Pesticides are used to prevent, destroy, or mitigate application are minimized by using PPEand appropri-
pests. To be effective, however, they must be applied ate engineering controls.
into the pest's environment--the same envirmunent The pharmacolMo of pesticides is not militarily
shared by other animals, plants, and humans. To unique. However, medicalofficers needtobefamiliar
minimize adverse effects of pestcdes to the environ- with the mechanisms of toxicity, theirsigns and symp-
mentorhumanhealth,therisksofapplyinga pesticide toms of intoxication, and the recommended medical
must be weighed against the benefits of its use. The management practices, occupational exposure sur-
inability to fully identify the risks assoeated with vellance end-points, and long-term effects. Medical
introducing pesticides into the environment is a con- officers also need to be familiar with the numerous
tinuing problem. pesticide-related federal, state, local, and DoD regu-

Although in some instances theacute effects maybe lations.
known, there is a paucity of information on chronic The inherent hazards to humans, during and after
effects that result from long-term exposures to pesti- pesticide application, dictate that a comprehensive
cide residues-not only to those who apply pesticides occupational medicine program be implemented.
butalsotobystndem. For this reason, the safe appli- This indudes monitoring the workplace for pesticide
cation of pesticides requires that precautionsbe taken use and dispositiom In addition, the program pro-
to protect against acute or chronic exposmes to the vides mechanisms to investigate alleged incidents of
restdues. Human exposures to pesticides during their pesticide exposure.
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INTRODUCTION

The electromagnetic (EM) radiation spectrum has biological systems may be cumulative and can be
been divided into somewhat arbitrary frequency re- detrimental or even fatal
gions (Figure 15-1). The spectral divisions are usually Another obvious division occurs at wavelengths of
based on the radiations originating process and the approximatelyl mmbetweentheopticalandRFradia-
manner in which this radiation interacts with matter. tionregions. These can be furtherdivided into narowe
The most useful divisions are between ionizing radia- bands ad infinitum. The radiation produced in this por-
tion(X raygamma raysandcosmicrays)andnonion- tion of the spectrum, however, does not possess en-
izingradiation(ultravioletlUVlradiation, visiblelight ergy sufficient to ionize matter. This nonionizing
radiation, infrared IIRI radiation, and radio-frequency radiation excites atoms by raising theirouterelectxos to
[RF] waves). Thedivisionbetweeniizingandnonion- higher orbitals, a process that may store energy, pro-
izing radiation is generally accepted to be at wave- duceheat orcausedcemicalreactions(piotemsby).
lengths (X) around 1 run, in the far-UV region. The biological effects of nonionizing EM radiation are

Ionization of matter occurs when an electron that is caused by thermal stress (the accumulation of heat).
orbiting a stable atom is expelled. Atoms of all ele- When heat isdissipated, theeffedtsdonot persist (they
ments can become ionized, but only gamma rays, X are not cumulative). Whenthethenwastes is extreme,
rays, alpha particles, and beta particles have enough howerpersting hries such as eyt catracts,
energy to acate ions. Because ions are charged par- orburnscanoccur. Thesearenotmitnorinjuries: forRF
tides, they are chemically more active than their eec- radiation, thebum can be internal and life threatening;
trically neutral forms. Chemical changes that occur in for lase systems, the injuries occur to the eye.

CHARACTERISTICS OF ELECTROMAGNETIC RADIATION

Two complementary concepts have been used to easier to conceptualize with the particle model The
describe EM radiation: the wave model and the par- wave model charactenizesEMradiationasthepropaga-
tide model' Certain EM phenomena are easier to tion of enrgy thmr tm oerse clathons ofth dectrk
conceptualize with the wave model, and others are ad magnetic fidds. These EM waves are measured by

SPECTRUM

F& 1S-1. Th divisions of the ektromnetic spectrum ae arbitrary, overapping regions on a contu=u The gneraHy
ated divisions ar cosmic rays X 0<35O gamma rays XO.0054-.4 A, X rays) 0,-100D Aultravilet WV X*-W R=
visibe ]liht V L 400-400 n= hnfrared (U) A7W0 nm-I non; mkrowave (W ).I mam-1 m radio-frequency (RF) L >1 m.
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four parameters frequency, wavelength, polariza- Physical Properties
tion, and amplitude (field strength). Thefrequencyofa
wave is its number of oscillations per second as mea- All types of EM radiaton-ionizing and nonioniz-
sured in hertz; the uwfength is the distance between ing-share the properties of (a) divergence, (b) inter-
successive waves, or the distance between the peaks. ference, (c) coherence, and (d) polarization, and aside
Polarization is the relative orientation of the EM radia- from having differing amounts rf energy, they do not
tion orizontal, vertical, or circular). Amplitude is the differ in their physical properties.
absolute strength of the EM radiation as measured in
volts per meter or amperes per vaeter. Frequency and Divergce
wavelength are related to each cther through wave
reloity such that The term divergence is used to describe how -he

C -.k f radiation emitted from a source spreads out Itcanbecalculated using the formula
where c represents the wave velocity, .represents the b

wavelength,andfrepresents the frequency. Thespeed D= b-a

will change with different media but will neverexceed T

the speed of light in a vacuum (3.0 * 108 m5s).' where D represents divergence, b represents the di-
The particle model proposes that EM rdiation con- ameter of thebeamat the point ,easureda represents

sists of entities called photons, which can possess only the diameter of the beam at the point of emio and r
disteamountsofenergy (quonta). Phetonscanonly represents the lengthof therayinquest r(FgureIS-2).
exist in motion, which, for them, can only mean mov- Divergence is related to the diffraction limit, which
ing at the speed of j;ght. Photons can interact with is the degree to which noniownzing radiation interacts
other particles, exchanging energy and momntum with matter. It is impossibl tor divergence to be less
through elastic and inelastic collisions. than the dififr on limit 2 (With lasers, thedivergence

Higher-frequency EM radiation has higher energy. is almost equal to the diffraction limit) Other factors
Plancks co-tant (6.62 * 0I"J/sec) relates theactual that contribute to divergence include the size of the
energy value of a quantum to frequency in the equation source the means of radiatiKM productim the geom-

E=h-f etry of the emitter's apertur, and the medium of
propagation.

where E represents the actual energy value, h repre- Issotrpic and collimated radiation emitters exem-
sentsPlancksconstant,andfrepreserntthefrequency. plify two contrasting concepts. By definition, radia-

The particle model is useful in conceptualizing cer- tion from an isotropic emitterspreads out uniformly in
tain phenomena such as scatter, and is abo used 'o all directions surrounding the source. The intensityof
describe the pheno non of stimulated emissin (a theradiationdecreaseswiththesquareofthedistance
quantum mechanical phenormeon that results in the from the sourcr, at triple the distance from the source,
emission of two photons in the samedirection with the the intensity of the radiation decreases by a factor of 9
S.arne enery and spatial coherence).' This is the es- (Figure 15-3).
sence of the lar (Fight amplification by stimulated Collimated radiation, however, has an asymmetri-
emission of radiation), which is a technology, not a cal or directional spatial pattern. The intensity of the
type of radiation. However, current usage employs radiation does not decrease with the square of the
the term laser to refer both to the technology and tothe distancebut gradually decreaseswith disance. Lasers
highly collimated beam of ronizing radiation that are highly collimated sources of radiation. The light
it produces. from automobile headlights is somewhat collimated;

The terms enerW and powxr are not synonyms. En- it has a larger divergence than that from a laser but
ergy refers to the ability to do work, whereas power is a smaller divergence than that of an isotopic emitter
the ability to do work per unit time. (such as a tungsten light bulb).

The characteristics of EM radiation can be catego-
rized as shared properties and distinctive interactions !n terferexce
with matter. All types of EM radiation share certain
properties that make them alike. However, when EM The principle of superpositionmg maintains that
radiation interactm with nwtter, the differences become amplitudes of inteisecting waves combipe to produce
evident. For example, visible light can beabscrbed by a resultant wave (igure 15-4). Therefore, the net effect
a thin sheet of black paper, but RF radiation passes of interference for two waves of the same frequency
through the paper essentially uninhibited. will be either cmstructie (theamplitude will increase)

sit



Omcuwikivna Health2 T77 Soltdl•w the InJustrial Be

r
II

Fig. 15-2. Divergenc can be measred as the chang in tle diameter of the beam di~1ded by the distancte of propagation.
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Fig. 1S-t Co bucivwandestzucdtlvcinerference (a) Two wave thatarein plhasein which peaks mtch with peak %can
becombuied top ducaw ~tea deft ofwhkicihesumofthepesks.(b)Twow fpbsataecanmwcr~adlly
eachwoher. Notethat tbese waves are preciselyin or out otphawe. Waves only slghtly out of phase wil resul in Othe tpe
Of W2res.

ordestnrcizte(the amplitude wfildecreae). Consbtnac- radiation coherencetuaybeeidsprtaLdorteuipor4
dwirderlnkrerxxc occurs when two waves of equal the two differ greatly (fture 15-5). A Otem Irlly
amplihadear inphase (theircrsl overlap),)the reslti coherent radiatlon source is nionevivoiatic and re-
sa sir~gewave with twice theamplitudie. Destructive quires equal amnounts of timne for the phase pehikof the
interenm occuars when two wave ame out of phase tadiation rays to pass A spatialy coherent radiaton
(A peak over!~ps a trough) and thewr energies nul~fy sourceeusm wwthlikephasesalpLamwga pointat
each other. 7he inerferece, phencvnenon can be the same time The term rxlvrei-a uswdlly refers to
ilustrate by illum&natin two diffraction. slt with spata cofeenei
"sptallywcherent logt. Thie irtersection of the two
diffrationt pa terns prod uces altemnatin constructive Pohatieaw
and destructive interference bards'

Tbewffa1 mof fferkwftcaid magnetic fieds tie,
COW""uc tdir pomariaton) affect the radiations inirktion

withiateer. Mwz~tursowvesoEMradiatiodouiot
The coherence of EIAradiation impliesorganization efchibkapreterre orientaon ardlare therefote wipo-

and mnewis literals'siy ing togthe with respect to larized. However, EM radfation can gain a pteferre
phase. A3 the amplitude of the EM field varies cydli- dhwetho ofoadHation by reflection ceby transmnission
cahy,blwseso does the wave phase. In addition EM througha matrial. poom swlax~ r-
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a ~Tnorma C*WgWM

H&IS.& WS a Tempmwatly cA pber1n waves hare identIMa waveleg*hs but they aWe W* neceOSariy iM -h (Algned). Wb
Spatialy coherent waves tot only have the same wavelength they walsho Al in pb..e

kinterspieventgm byblockighwizontaflypo- repects lik a Fpa, tie an I M n some rep mt ie a
WumdatdreflegtfsrsuchacshO wd& wave. Mhe paitideile behaviors Inclue scattering.

Polrized rad&iatioIs clasified a co~rtg to its reflection and abrptWon Tw wavelike behaviors
onactupe. Lbva polarization boe horizonta and Inehve reflectlion, refradiov. transnarlon,, diffrac-
vat"cL. occum when the electri and manet*& field fionand absorption W(*eotevi edCnanmd aborp-
osc&i~itn a constan piane. Jin compa-rison , dlioic fmo are dAuaadeistica 'J'aed by both partpics aid
polariztio (whuich acidkds circula polarizaton waves) Mhe resaleing effect of the radiationnatr
occus when the plane of oncaflaion roIt-es about the depends cu nmeros fad=or includi the wave-
axi of the direetion of prpoagaion Polariatio cam lenth compcmafs of the radiaton the smalin me-
be modulated and thus can be ined to tranmi t ifr- dunereelvi gmediunih polar~izalmampo-
mam.i Eiptica polarizton is cmmno*l emu- ntsof the radlation and the awee of bdcdence
te'd inRFradiationwor ad isalsoimporan Imln the
&ildofvopics Rhfkcei.., Rfvstfi eu~, min Scaftte

Jalermcdl"wiAhMatte Refletion depends on the vmoothnm of the
material's surface relative to the waveiugth of the

When Em rdiatio cnamcts matte, it Inmtert radiation AwucosuwfacewiI~affecboththerelalive
with the atomas in the medium and behaves in onte diretion and the phas cohemxny of the reflected
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wave. Thus, this charateristic determines both the Refraction is the property that enables a lek to form
amount of radiation that is reflected back to the first images by bme g lig' When parallel rays of EM
medium and the purity of the information that is radiation fromanobjecconvereafterpassingthough
preserved in the reflected wave (Figure 15-6). A re- a lens, an image of the object is formed at the focal
flected wavc that maintains thegeometncrial orgniza- pot Prescription eyeglasses utlize thhs pindple to
tion of the incident radiation and produces a mirror aid the eye in focusing on an imageat theretina rather
image of the wave is Called a specular reflection) than in front of or behind it.

ThespeedofEMradiationinanymediumdepends However, if the reflection process fails, then the
on (a) its wavekcngth and (b) the medium's physical reflecting medium does not preserve the information
properties, although it alwas will be slower than its to produce an image but scatters the radiation in all
speed in a vacuum (3.0 x Irm/sec). The medium's directions and destroys the image. When radiation
index of refraction determines the speed of EM radia passes through themediumit loses coherencebecause
lion through a specific materiaL If more than ce mate- of scattering. Areflectingmediumthat failstoproduce
rial is involved in the passage of EM radiation, the an imageisdescnrbedasdque-amediumthatlosesan
popagation direction is sbject to bending, which imageduringtansmissionisdescribedastranhsucmnt.
is called refraction. This is exemplified when light The scattering mechanisms depend on the size of
passes from a sustanoe with one index of refraction the particles composing the medium and the wave-
(such as water) into another substance (such as air). length of the incident radiatio. The radian eal'b-

,n1W EM . Rfstcd EM
oMon Iaieo

TwRsAmod EM

Ma~aa
Msium2 C

*

p 0

Tratnwkead EM

o mo

S-& 154 When dectrovmagneic radiation encountersan interface betoween media (eg. betwe a and• ss) the ncident
beam solits into reflected and transmitted beanms. The angle of reflection (0) is equal to the angle of incidence (6) of the
incident beam. The direction of th transmitted beam diffmes from th"t of the incident beam, a phenomenon known as
refracet. TLThe angle of refraction (a) of the thranmtted beam depends on the physical properties of both media at her
interface. Likewise, the eneigy transmited through Medium 2. or reflected back fron Medium 1, eed on both the
physical properties rf the media at ther interface and the angle at which the iniddenz beam strikes Medium I.
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its Rayinigh scattering, which is nondirectional when can be absorbed, transrng the energy of the radi.
thesize of the particdesis on the orderof the radiation's tio to the medium. Fora partie, this ractionis an
wavelength. ThediffusiLon by larger partides is called inelastic collision. For a wave, the wave energy is
Miescatterg, which is not as wavelengtJdependent transferred from ED wave energy into energy modes
asiRayleighscattert Thisnttenngprofileisdepen- in the absorbing medium. The absorption process is
dent on particle size and can produce forward and divided into categories that correspond to modes of
backward scattering, molecular energy storage and include thermal, vibra-

tional, rotational, and electronic modes (Figure 15-7).
Traszissiox How energy is absorbed depends on the frequency of

the radiation, the intensity of the beam, and the dura-
The wavelength of the radiation greatly influences tion of expoisur

transmission and absorption because a given material Thermal mcdes ofenergy storage constof transla-
can be transmissive at one wavelength and absorptive ional movement modes, in which atoms move hoi-
atanot. FDrexample, red glass trnmits light with zontanly and vertically about thei lattim poits in a
wavelengths near 650 nm; it absorb the complemn!- medium, and which is commonlyrefer to as heat.
tary color green which has wavelengths near550 •Oi. Thermal absorption is commo in the IR and other
Transmission of radiation occurs when material lack longer-wavelength spectrum&. Vibrational energy
the properties necessary for absorption. modes consist of Intramolecular vibratioas between

component atoms. Rotational energy modes conist
Absou of inertial energy tored in the orientation of spin-

nin polarized molecules in local electrical fieds that
Absorption is both particlelike and wavelike be- arefound within somematerialsandcan bestimulated

havior. When EM radiation interacts with matter, it byRFradiation Electrmnicmodesc11is1ofthediffer-

a b

VV
v -* J v

C d

0-mo--

Fig. 1S-7. Radiation interacts with uatter and its energy is abswoed in several modes in this drawing v ver the
inident radiaton (a In the thermd mocde, theradiation is ab=sor• byan atomwhih w thebeghistom abo Its loc
within the mleculn latte of the medim. (b) In the vibraonal m• ode,, rdiation is abobed and resulft in vatiom
between neighbori atoms withdn a mokcuke () In the rottiotal mode, enery is ab•oed by polar mleule wfh

erient dh eves relative to "oa electrk fields within the mem stIng energy. (D In the elcroýnic Mode,
omageic radiaion is absot-ed by eletrn, rai s them to higher oerita, s"toing enry t can be reradlaged

when hew electtm return to their orighil energy state.

546



Nonix~in Radkition

et orbital energy states to which e.ectrons can be intensity of the beam, the more energy is available to
excited, and these modes can produce new radiation be transferred. The duration of exposure is another
energies as the excited elections drop back to their factor. The longer the duration of exposure, the more
original orbitals. Both electrmucand vibrational modes energy that will be absorbed.
can be stimulated by visible light and microwave EM
radiation. Diwtwx

The amount of energy that a material will absorb
from nonionizing radiation depends on (a) the fre- AphenomenoncaUeddiffractionallowsEMradia-
quency of the radiation, (b) the intensity of the beam, tion to bead, pass through small apertures, and move
and (c) the duration of exposure. The most important around small partices of matter. The smaller the
of these parameters is frequency. Microwaves, IR apeure or particle, the more the light rays will bend
radiation, and RF radiation can exite translational This bending is quantitatively referred to as the dif-
modes and generate heat. Miwwaves are suspected fraction limit, Because stars are so distart from earth,
to ecite vibrational modes, and RF radiation excites theirlightisalmostpe. ectlycollimated and theangle
rotational modes. of subtenseis infinitesimal. However, what we on

The intensity of the beam is also a factor in deter- earth seeisactuallya star's diffraction patterns, which
mining how much energy is absorbed. The greater the occur when starlight passes through galactic dust.!

RADIO-FREQUENCY RADIATION

In 1864,JamesCerk Maxwel proposed mathemati- attracting support for this application. Marconi'ssug-
cally that energy can be transferred by electric and gestions did stimulatesomeexperimental workat the
magnetic fields traveling together at a finite speed. It Naval Research Laboratocy, which resulted in the first
was not until 1886, however, that Heinrich Hertz ex- radio detection of a wooden ship in 1922, and the first
perimerntally proved Maxcwells theory of electromnag- detectiont of an aircraft in 1930. By 1932Z equipment
neism. To acompush this, Hertz constructed the first operating at 33 MHz was capable of detecting the
oscillator-transmitter. This consisted of two metal presence oan aircraft at distances of50 miles. How-
spheres that were each connected to the end of a rod ever, target-positio information such as range and
that had a spark gap in the center. The receiving bearing could not be readily determine'
antenna consisted ofa loop with a tiny gap cut into it. From Marconi's primitive radar equipment, devei-
With this equipment, Hertz conducted exptm-ents opment efortscontinued during the 1930s and 1940s.
thatdemonstratedthesimilaritybetweenradiowave. The U.S1 Navy tested the first true radar, the XAF,
and light waves, ad the polarization, refraction, and aboard the battleship New York in 1939. This radar
reflection of EM waves. Although Hertz's exper- operated at 200 MHz with a range of 50 miles. By
ments were performed with relatively short wave- Otober of the same year, orders were placed for a
kenth radiation (50 and 450 megahertz [MhD, later manufactured version, the CXAM, and by 1941,19 of
work in radio was performed at longer wavelengths.$ these radars had been installed on major ships of the

fleet. The army also conducted research in radar
Radi Communication and Radar Tcdmology development. During the 1930s, the US. Army SQgna

Corps began eftsto deveop radar, which inensi-
Guglielmo Marconi put the theories and expeli- filedin1936whenitsfirstradarwastested. In1938,the

ments of Maxwell, Hertz, and others to practical use. army introduced thefrat operational radarforaiming
In 1901, Marconi succeeded In establishing coherent antiaircraft f, the SCR-26&. This radar was used in
wirelessconumicatlns (using short-wavelength ra- conjunction with searchlights because its angular ac-
diation) acros the Atlantic Ocean. By 1907, regular curacy was poor, although its range accuracy was
commercial wireless service had been established be- superi toany optical metds inuseat hat time. The
tween North America and Europe. Marconi not only SCR-268wasthestandarýdfircorolradaruntilealy
predicted and suuccesmuly demonstrated radio corn- 1944, when the SCR-584 microwave radar replaced it.
munication between confinaft he also recognized "heSCR-584wasdevelopedthroughworkconlucted
the potentialities of short-wavelength radiation for attheRadiationLaxI toryoftheMassachusettslnsti-
radar (radio detecting mid raning), the radio detec- tute ofTechnoogy. In 1939, theU-S.Army developed
lion of objects. However, he was u onuccesful in the SCR-270, along-rang, euty-warning radar. This
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radar detected the first signs of the attack on Pearl air-warningradarandscoredthreehitsontheBismarck
Harbor in 1941, but these were ignored until after the after the Hod had been sunk." Germany had devel-
bombing began!** oped a naval radar in 1939.= 0.8 mn), but it was used

primarily for target search and had only limited use for
Microwave Radar fire control s-ice it could not provide target courseand

speed for accurate fire-control plot. Therefore (and
The first efforts to develop radar that could operate indicativeof the primitivestateof radardevelopment),

at microwave frequencies were initiated in 1936, when the Bismardc did
two papers were published that discussed replacing
conventional transmission lines with waveguide- ... rot ute her radar for rangefinding; it was the
metal tubing-to operate radar systems at microwave na-freqences? Secnda sccesfulcavty ngneron sure accurately great distances in conditions of ad-

fr~uci-s" Seonda sucessul cvitymagntron equate visliltyl, that had allowed the quick destruc-
was developed inGreat Britain in 1940,and for thefirst equ of vth th tq d
time it was possible to generate substantial amounts of
power at microwave frequencies. During that year, Although the radar used in the Battle of Britain
prototypes of the cavity magnetron were transported operated at VHF, it still provided accurate range and
to the United States, and the Radiation Laboratory at trackingdata, and theability to f,-iotin spite of fog,
the Massachusetts Institute of Technology began re- clouds, and darkness reduced the threat from Hitler's
search and development eff inthemicrowave field. bombers. The introduction of microwave techniques
Much of this early work was directed toward the notonlysharpenedtheseabilitiesbut the reduced size
design of airbor"ne microwave radar equipment be- and weight of the equipment and the extended appli-
cause the microwave frequencies permit relativvly cationsofradarmadeimprovedradaradecisivefactor
small antenna structures. The term radar was first in winning the war.
applied toaspecifictypeofmicrowaveequipmentthat Until 194Z allied airborne antisubmarine radar,
was used to "see" electronically by means of a trans- operating at a frequency of approximately 200 MHz,
mitted radio wave that reflected from the object that had neutralized the effectiveness of German subma-
was "seen" (ie, a receiver detected the reflection and rinesin theNorth Atlantic. At thttime, manyGerman
tranlatedittoindicateanobjectsrange, azimuth, and submarines were equipped with listening receivers
elevation). Microwave radar equipment revolution- operating at the radar frequency. A German subma-
ized the existing very high frequency (VHF) equip- rine with a directional antenna could now determine
menL By using the shorter-wavelength microwave the direction of allied antisubmarine aircraft and esti-
spectrum, the newer radar devices not only could be mate their range from the strength of the signal re-
made smaller but also could have greater range and ceived. The effectiveness of allied antisubmarine air-
versatility! craft decreased greatly because German submarines,

warned of impending attack, dived before the aircaft
Radar During World War n were positioned to drop depth charges. However,

allied aircraft cunmtered the effect of the submarines'
The valueof radar was not recognized in thecivilian listening receivers by using an attenuator inserted

sector during the early years of World War l because between the radar transmitter and the transmitting
its development was a successfully guarded secret of antenna. During the final phase of attack, the radar
war preparation. Radar equipment was installed on operator would adjust the attenuator to reduce the
battleships, submarines, and in airplanes-often radiated signal level. The operator of the listening
against the wishes of the commanding officers. One of receiver in the submarine would then note a decrease
the firstandbest-knownusesof radarin naval warfare in the signal strength and conclude that the aircraft
occurred off the coast of Greenland in May 1941, in was moving away, when in fact the aircraft was ap-
an engagement fought by the German battleship Bas- poaching for attack.

nrck and the cruiser Prim Eugen against the British When the allied for e introduced microwave ra-
battlecruiserHoadand thebattles ipPrincerof aks. The dar, the German form mistakenly believed that some
commanding officer of the Hood prefrred an optical sort of IR equipment operating on heat from the sub-
rangefinder's readings to that of his newly installed marine had replaced the VHF radar. Because the
radar (X = 05 m) because the radar was unable to Gerrman military made no attempt to develop micro-
measure distances with the accuracy requireC for the wave listening receivers, allied antisubmarine opera-
main caliber guns to score hits. Nevertheless, the tions increased in effectiveness. By 1943, microwave
Hood's companion ship, the Princec1f %kkes, did use an equipmentoperatingatawaveengthoapFmxiromately
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10 cn replaced most of the VHF airborne radar. Even if the induced current from RF conduction is
Germany's Grand Admiral Karl Dinitz said, Mlhe notsufficienttocreateathermalinjury,itcanstimulate
enemy has rendered the U-boat war ineffective ... the nervous system and cause a response similar to
throughhissuperiority.. inthemodernbattleweapon- that invoked by an electrical shock. The individual
detection (radar)."7  may jerk involuntarily or reflexively, and the resulting

During the next 2 years, new types of radar were movement could cause an injury to the victim or to
developed including airborne-targeting radar and someone nearby."
ground-ontoMlled approach (GCA) radar equipment. The exposure limits (ELs) to control RF shocks and
The airborne-targeting radar allowed airborne bomb- burns are intended to limit induced RF-current flow
ers to accurately locate targets on the ground in over- through the body for frequencies less than 100 MH.Z"
cast conditions. GCA equipment permitted ground From 100 kHz to 100 MHz, the standard limits the RF
operators to direct an aircraft to a safe landing under current through each foot, and at the contact point to
zero visibility conditions. Neither of these two tech- 100 m The current through both feet islimited to 200
nologies had been practicable before the aidvent of mA. This limit is conservative, so even if this current
microwave radar: the required antenna directivity enters the body through the smallest area of tissue,
was not possible using small VHF antennas- such as a fingertip, it would not be great enough to

Since World War IU, microwave equipment has produce RF shock or burn. The RF current limits
beenusedforvarioustypesofcommunicationsystems change with frequency below 100 kHz (ie, they de-
sech as microwave relay installations that handle tek- crease from 100 mA at 100 kHz to a lower limit of < 3
graph, telephone, or television signals. The wide mAat3kHz). Thisdecreased current limit isprimarily
microwave band affords significant data-handling due to the increased depth that RF current penetrates
capacity, offers great antenna directivity, and requires the body. At frequencies lower than approximately 3
relatively low-power transmitting equipment" kHz, the penetration is sufficient to interact with the

CNS and other electrically sensitive organs such as the
ycal FPametem Tha Determine Emne head. At these frequencies, the biological effects asso-

Transfer dated with RF current flow in the body are dearly
discernible and the physiological effects are well un-

RFenergyistypkallytranserredtothebodythrough derstood. They include (in addition to shock and
conduction, coupling, and absorption mechanisms, thermal injury) electronarcosis, ventricular fibrilla-
which are dependent on both the length of the RF tion, and involuntary movement. However, allega-
waveengthand thebody'sdistuncefromtheradiating tions of low-evel effects have been made regarding
source. Distances from the source in wavelengths and the frequency region lowerthan3 kHz, with the largest
their corresponding mechanisms are cluster of questions presently centered at the 60 Hz

power-line frequency.11r"
S0 ). = conduction (contact),

* 0-02 X = cuing (direct transfer of a charge), Coupling
and

* > 02 ) = a•brpin (conversion to internal beat An individual can be exposed to the stored energy
at frequencies > 1,000 MHz). fields--at frequencies lower than 1,000 MHz-that are

present dose to element antennas or transmission
Conductio" lines. The body will absorb this energy through ca-

pacitive or inductive couping, which is the direct
Conduction occurs when the body makes contact transfer of a charge from one conductor (an antenna)

with an RFsource (eg, when an individual touches an to another (the body). Physical contact with the
antenna elementoran exposed transmssion line). The source need not occur, but inductive coupling can
detrimental effects usually associated with conducted occur only if the second conductor is within 0.1 to
energy are electrical shock and bum. At frequencies 0.2).of the antenna or transmission line. At distances
above 100 kilhtz Hz), most of the energy deliv- greater than 0.1 to 0.2 ) from the source, the radiation
ered through contact with an RF source will be ab- fields dominate. The actual exposure klvels and
sorbed within a few millimeters of the RF current's SARs for coupled fields are difficult to predict and
travel through the tissue. In this case, the specific measure. Tlwrefore, mostcesofsuspected RFradia-
absorption rates (SARs)involved maybesignificant if tion overexposure due to coupling must be investi-
a small volume of tissue absorbs a large amount of gated using dosimetric measurements on tissue-
energy. equivalent models."

549



Occupatkmd Heat: T7ew Soldier and the Industrial Base

The type of energy-transfer mechanism involved in increased cross-sectional area. As body size decreases,
a suspected overvepsuredoes not affect the resulting the frequency for resonance increases (Figure 15-8).
biological effects. Likewise, the exposure standards The permissible exposure level (MEL) in the reso-
designed to prevent tmal insult will remain costant nant frequency region for humans (30-300 MHz) is
throughout the low-frequency region, with this excep- reduced 10% from the PEL in the nonresonant region.
tion: when a conducting object, such as the human The SAR still remains 0.4 W/kg and the effects are still
body, is placed in an RF radiation field, the object will thermally induced. Only the PELt, which is derived
absorb 3- to S-fold more RF energy due to coupling if from the SAR, changes.r

the field is at the object's resownt frequency. Reso-
nance occurs when an object's dicmensions approxi- Absorption
mate one-half the wavelength of the incident energy.
The human body standing in a vertically polarized ThebodywillabsorbRFradiationwhenitislocated
field is resonant in the frequency band between 30 to morethan02VXawayfromntheradiationsur Absorp-
100 MHL For exampte, a person 175 cm in height tion is the principal mechanism of enery transfer for
would be resonant at 85 MHz, where 175 cm is 0. 1. frequenciesgreaterthan 1,000MHz. Atlowerfrequen-
This resonance exists because the body attracts the RF cies, RF energy transfer occur through a combination
current byacting as an antenna that appears tohavean of radiation conduction, coupling, and absorption.
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Fig& 15-U. The pawnrabeorption rate is related to the compiex absorbing and scatering properties of the organism. 7he rate
of absorption for mice, rats, and humans is am d with the length and mas of te animal such tut the maxmum
absorption rat occursat different frtqendes T liabsorption rate is Idependent of the intensity of the Incident field and

Scrita paramenter forestablishi gexpmr elimotslnamas. For humanso the maximum absorption r ate oCcus aro
70 MHz. Reprinted with permission from DeL.rge 10. Disnuptionof behaviorin mamals of tWee dierent sie eT d
to microwaves: Extrapolation to larger mammnals.litStuchly Sed. Syxymown EktdrroragnetiFid~ inBksgka1Syisw.
Edmonton, Cana International Microwave Power Institute 1979: 215-228.
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The PEL at frequencies greater than 1,000 MHz is and tissues with high water content such as skin and
based on a whole-body SAR of 0.4 W/kg. This SAR muscle are affected more severely than tissues with low
corresponds to absorbing 100% of the RF radiation water content such as faL Therefore, microwave-in-
energyincident on thebodyandequatestoameasured duced burns tend to damage skin and muscle preeren-
powerdensity of 10 mW/cm2. For energy absorption tially, and (relatively) spare the subcutaneous fat layer
at frequencies greater than 1,000 MHz, the biological that separates these two structures. Inaddition, tissue
effects are induced thiermally. interfaces such as organ capsules and fascial planes

The SAR threshold for thermal damage, even to the tend to be more susceptible to microwave damage.
lens of the eye, is considered to be much greater than Burns induced by nonionizing radiation also differ
4.0W/kg. ThisSARcorresponds toabsorbing 100% of from electrical burns. For example, charring is mini-
the RE radiation energy incident on the body and mal with electrical burns and is usuali, localized only
equates to a power density of 100 mW/cm2. to the site of entry. Nuclear streaming (the cellular

nuclei align along the direction of current flow) is
Direct Biological Effects characteristic of electrical burns, but is not a charac-

teristic of radiation burns.
The absorption of energy is the key mechanism by which The lens of the eye is recognized as the most sesi-

EM nrdiation affects lining cells. Energy is transformed tive site for thermal damage. Studies on rabbits show
from electric and magnetic fields of radiation into one that cataracts can be induced after repeated exposure
or more types of energy modes in the target material. to RF radiation in the FM frequency band (Figure 15-
When translational modes areexcited, theambient cell 9 ).23 However, the cataract-producing phenomewn
temperature rises due to the heat generated by these could not be rep ,duced in a primate model; it may be
modes. If the temperature rise is sufficient, proteins a species-specific phenomenon. The nonionizing ra-
denature and a burn results. In the case of lasers, the diation absorption characteristics of thehuman eyeare
energy beam may be so intense that extreme heating shown in Figure 15-10. (Although whether cataracts
canoccuralmostinstantaneously, resulting in a super- are induced in humans by chronic exposure to RF
heated ionized gas (plasma). A secondary, mechani- radiation remains an issue of debate, near-instanta-
cal effect of this ionized gas is a shock wave that is neous cataract formation can be induced thermally by
created as the W expands. This shock wave and auteexposuretoUVlaserswithA=365nm. UVIasers
associated cavitation has been used surgically to dis- can also induce cataracts by e photochemical process,
rupt certain fragile tissues such as the posterior cap- but this can take as long as 24 houns after exposure.2
sule in the lens. User injuries are discussed later in this chapter.)

Depositing RF radiation energy into the body in- EM radiation exciting electronic energy modes can
creasesits overallthermal load. The termoregulatory cause significant biological effects by making photo-
system responds to the increased thermal load by chemical reactions occur. Atoms do not need to be
transfer of energy to the surrounding environment ionized to react chemically. Covalent chemical bonds
through convection, evaporation of body water, and can form when outer-shell electrons are excited to
radiation (primarilylR). When the RWradiation causes higher-energy states. For example, UV radiation cre-
localized heating of certain organs, such as the eyes, ates thiamine dimers in skin tissue, a process that is
prolonged exposure to this themral stress can directly associated with solar keratosis, premature aging, and
damage that organ. However, short duration expo- skin cancer. Because sunlight contains UV radiation,
sure to RF-induced thermal load will usually not cause sun exposure is a risk factor for skin cancer.
damage and the heat will be dissipated. For this
reason, RF radiation exposure is not cumulative, un- Low-Level Effects of Electromagnetic Radiation
like ionizing radiation exposure. The biological effects
of RF radiation are thoroughly treated in textbooks Controversy surrounds the possibility that AM ra-
such as CRCHandbhok of BiologicalEffects of Elect rmag- diation at frequencies between 300 kHz and 300 giga-
netic Fidds?.' hertz (GHz) may cause hirmful biological changes in

Burns caused by exposure to nonionizing radiation the absence of demonstrable thermal effecKs. Ther-
exposure are different from conventional and electri- mal effectscan affectall body tissueand areinduced by
calburns in that contiguous tissues are not necessarily measurable temperature increases in the affected tis-
affected: which tissue will be affected depends on the sue. These thermal effects occur at levels at least 10-
frequency of the incident EM radiation. For example, fold greater than the officially mandated PELs. RF
microwaves excite thermal modes in water molecles, environments in the U.S. Army are relatively safe, but
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medial officers must realize that theeffects can .rale rent PELL. Theseinvestigations k,•ude epidanWiV-
fro nubance, to minordiscomf•r, to serius injury, cal studies, animal studies, and othe researc efforts.
todeath Serious effectssuchas aesebufrnsare No cdsve evidence substantites daims oflow-
obvious, but low-level effects may root be so dlear cut. level RF radiation effects.O

Efcs of low-level RIF radiation, actual or alleged,
Involve temperature increioes that are (a) too small to Inirc Siologkad Ef.fee
measure, Wb traset, or W• are too localized to distin-
guish.•' The significarce, of tl-ese effects on health is a RF radiation inh= poses a threat to health
subje much debated anwng sdnbs public haft through deStomageficnta, rence (EOW with deeo
officials, and varous spedal-interes groups TMe tronk devices by dsun,ther normal opetr , o.
niotcomn alk, tions of low-k, vel effec escoun- EM~affects medicaporelsndby causing •erlemm
teed today involve frequencies Jower than 3 kHz (the with sensitive helhcr devices (such as delecroar-
present lower limit ofU.S. Armyexposurestandards). diograph equipment, operath~roon nonitors, or
Lo,-k, vefect-s ave alo bern aUeged atfreqencws crdiacp eak ),andaff,€•mUfanj myp mby
atove approximiately 3 kHz. This includes low-level camn" electriC weapons plaftrmns (inch as h&E
effects linked to use of video display terminals.' coptrs) to fail. Currently, " U.S. Army Medical

Although thermal effect ame the basis for current Deatet (AMHWO) Is only addressing concerns
RF radiation exposure sbwAdards, sciesfi~c bnveW associated with the interference of we"ia devices,
tions during the 1900s himv focused on P F 'ts of low- specifially from those EMA sore thmt the Depar-
level exposure. Cancer, bat defecs, be.havioral merit of Defense (DoD)) produces and operates. This
dhat . and otherdehm a effects have been in- conce• jus~thestongotngevaluatimof the bioi*~!
vestigated using low-level RF enrg below the cur- cal effect associated with the RF energy that'-these
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a. Miraow ond Gomm* Rays c. Near Ukraviu

b. For Ubrav•olo and For Infrored d. Vssible *ad Now mnka~d

FI&. 15-40. (a) Mkrowve (MW) and gama ray radiation can penesrate the human eye with om abso•ptlin an • a • es.
Wb Far ultraviolet MUV and far Infrared =I)do not penetrate the eye at all. Wc Near UV penetraes into the anteior portion
of the eye, where It can dautage thelens and posterior capsule. (d) Visbe and nea Rtarefocused by the lens onto the retina,
wrere they can cause retinal damage. Adapted with permission from Sliney DL Wobanht ML Sefdy udh Las & O*r
(Jptkim SouMe. NEW York Pkenazm 1960.

systems produce. These evaluations determine sys- when the hears own pamaker fails to do so. The inm-
tern characteristics such as rie finm (the time required planted pecemakermonitorsthebiologiclpacemaker,
for the RF pudse to reach peak intensity), modulation, but the artificial p dmer is sometimes susceptible
duration, and peak amptu e of the RIF radiation, to EML Fotu ately, the devices shielding a d the

Most manufacturers carefuly design sensitive sur uding tissue act to reduce the threat of BE
healthcare devices (that are intended to be used in a During 19o 7 to 1969, a citizens group protested the
fixed setting such as a hospital .to operate satisfacto- ue of an EMP generator that supposedly po ed an
rilyinconyentionaRFenveronments. S• IstArsy EMd tradt to implanted cardiac pacemakersor The
Envirosunent Hygie t Agency (UAE dA) is tasked am dothermihtysevicmuedthigan atorto
to study MU. problems with hathcar devices at testthesewcept.bAlityof electronic weaponsplatformd
army hospital The USAEHA maintains special mey - to the effects of ENIP. A thorough study of the alleged
sEing equipment capable of detecting the very low thr.e, was conducted in response to the p w The

Sthreat lv&es Typical eM thrat levels may be 7 results showed that EMPs can indeed interact with
to 10 orders of magnitude below the PEL asociated modern, mlanted cardiac pacemakers. Individuals
with direct biogical effects. whuw-r kse toheerEMquir e ri toeuwsontei

Implantable lectroncdevices-such as cardiac pace- are at risk a= require radiation protection ontrols
makmmaybeto becttoEMN -elatedfaih incrta•-in however, the EMP levels actualy encountered by the
RW radiation environments, such as near electromag- gmmr public will not produce EMI interactions.
netic puls (MAP) generators Most implanted pace- Presently, alhough the army's RF environtments
makem provide a stimulating pube to the heart only rose no known uncontrolled EMI threats to pacemak-
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mrs or similar medical devices, pacemaker wearers are levels of direct biological threats.
denied access to controlled areas that might pose an Derived equivalent PELs that correspond to expo-
undetermined threat. Such devices and sourcesof MI sures of 0.4 W/kg-which were determined theoreti-
are continually evaluated through the US. Army Ra- cally and experimentally-were also specified in the
diation Protection Control Program3' 1987 standard for power density and levels of electric

and magnetic field strength. They are further divided
Radio-Frequency Radiation Protection into areas restricted and nonrestricted for human

occupancy to correspond to a whole-body SAR of
Every installation or activity commander is respon- 0.4 W/kg. These derived equivalent PELs are valid

sible for ensuring that nonionizing radiation controls only under the conditions for which they were de-
are implemented.. The radiation protection officer signed to be applicable.
(RPO), who is designated by the commander, usually Many RFradiation sources-most radars and some
manages the entire Radiation Protection Program communications systems--can radiate bursts of en-
including nonionizing radiation controls. Each instal- ergy rather than continuous energy. The pul,-' can
lation also maintains a radiation control committee, contain power-density levels far in excess of the PEL
which meets periodically to advise the commander on But the PEL is based on an average exposure over a 6-
radiation hazards and methods for controlling them. minute period. Therefore, it is possible to derive an

equivalent average power density using the formula
Radiation Contro/s Pd = 6 -PEL

The PELs for RF radiation have changed dramati- I
callyover thepast threedecades. Untilthemid-1960s, where Pd represents the power density level unde7
the maximum PEL for both the military and private consideration and t represents the exposure duration
industry was 10 mW/cm 2 regardless of the exposure measured in minutes. It is this derived PEL that is
duration. However, the increasing power output lev- compared to the standard, not the maximum power
els of new radar and other RF radiation sources, as deruity contained in a single pulse.
well as certain tactical requirements of the military, A new ANSI Standard C.95.1 was approved by the
made compliance difficult. Therefore, the military Institute of Electrical and Electronic Engineers (IEEE)
adopted new criteria that permitted higher exposure in 1992. This new standard maintains the use of 0.4 W/
levels for determined lengths of time. Levels of expo- kg SAR for calculating PELs, but adds limits for RF
sure greater than 10 mW/cm2 were permitted if the shockand bum. Thisstandard will likelybeadopted by
average exposure over a 6-minute period did not ex- the DoD in the near future. The DoD hasconsiderable
ceed 10 mW/cm2. In 1974, the US. Army and the C- input to this standard-setting committee and has con-
55.1 Committee of the American National Standards sistently adopted its recommendations. The limits are
Institute (ANSI) adopted new standards that related self-imposed by consensus agreement with the find-
the exposure level to the duration and were more ings of the IEEE in the absence of federal regulations.
frequency specific. ANSI Standard C95.1-1974 recom-
mended a limit of 10 mW/cm2 for frequencies lower Attemiatiox of the Beam
than 10 MHz. Like the previous standard, ANSI
Standard C95.1-1974 permitted exposure above the The direction of maximum radiation of some RF
EL,, provided the average level did not exceed these radiation sources can be changed by physically turn-
limits for longerthan6 minutes. TheU.S.Armyfurther ing the antenna or electronically steering the beam. A
refined the standards in 1981 for frequencies lower person standing near one of these systems would
than lOMHz: a PELof66mW/cm 2averagedovera6- experience the maximum power density for only a
minute period. fraction of the total time the system is transmitting.

The DoD adopted the army's current PELs in April Again, a time-weighting factor can be used to derive
1987, based on the recommendations of ANSI C95.1- the equivalent power-density level for comparison
1982 Standards Committee. These standards encom- with thestandard. Howeverregardlessof theweight-
pass the frequency range 10 kHz to 300 GHz. They ing factor, no individual should be exposed to an
state that personnel should not be exposed to RF averagepowerdensitylevelthatexceedsthePELbys-
radiation fleldsthatwould causea whole-bodySARof fold (as averaged over 6 min). This is calculated by
0.4 W/kg. The threshold for biological effects is 4.0 treating the scanning system as if it were radiating a
W/kg. Thus, these control standards are based on fixed beam.
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Threat A•rsi ur and Evaluatio radiation. Thesegeneratos do not require an ciallat-
ing source or ml .&

Theevaluation of the exposure potential associated
with RF radiation sources generally has several steps. The T wsission Line
First, the USAEHA deteriines if the system is capable
of emitting field-inteity levels that exceed the PEU OncelRFradiatian has been generated and infonna-
Nr4, the USAEHA investigates the enginecing con- tion has been imparted to thesignal through mdula-
trols that have been incorporated into the system to tion stages, the next taskistoguide heeneryfrom the
reduce the potential forexposure. Thn thedegreeof generator to an antenna. This can be accomplishd
threat is determined by measuring the actual field with waveguidecoaxialcable, or wires. Waveguideis
intensitie,-towhich personnelmaybeoepsed. Tothis along, hollowconductor, thedimensionsof whichcan
end, the USAEHA is required to evaluate new RF be designed toaccommodate the transmission of any
radiation sourcesboth toascertaineach system's threat frequency. However, waveguide is impractical at
and torecomuendappmpriateengineergmodifica- frequencies lower than a few hundred MHz and is
tioU or system controls, usually used at frequencies of 3 C-:Iz and higher.

Coaxial cabe, like that used for cable television, will
EmrsI" of Radi-r e Radiatio trani frtquenies up to 3 GHz ore sificant

transmiss ses make it impractica A couine
Minimally, RF radiation emission requires (a) a pairof wiresw:lUusually suffice forRFradiationupto

generator or source, (b) a means to direct or guide the 109 MHz.
radiation, and (c) an antenna. Most practical systems
for transautting and receiving information requitre TheAntenn
additional components that are r&evant to the wave-
form, but this discussion wifl be limited to these three The final phase in transmitting RF radiation from a
components of all RF emitters. system is theantenna,a device used tomakeanefficent

tranltion fromt a gtided to a radiated wave. The
The Generator complex design of an antenna, which has been the

subject of many textbooks, will be lnfkenced by suich
RFradationsorm ,orgermtor,co'vetelectri- requirements as size, weigh f•rquency rang ,power

cal power into RE radiation wing apprpriat ted- outp directivity, propagation technique ch as
nologies such as osciltorsor nu'netrons. The radia- troposcatter, line-of-sight. or ground wave), polariza-
tion requireentsof the Vstem deternine the type of ion, and electrical impedance?
genemtor or RF radiation source used. Sone of the These requirements gxipain the wide variety of
parmeters are the power-out requirements, effi- antenna desigp available for different functios In
cenry, size, bandwidth, frequency, and the modula- many respects, the duiracteristics of the awenna vre
tha requirements. An oscillator ii the most basic RF the most Important ispect of radiation hazard evalua-
radiation sorice and ccnsists of a tuned resonant cir- lion. The antenlia will detemine the directio and
cuit that isusm.Ilyequi"ped with amplification stages range ot the radiation- A parabolic reflector antennm
and poes4eedbackcWifits. ThisbasicRFradiation has th-e advantge of propagating RF radiation over
generator 6. often used as the Input to other high- Io distances, but to adhieve t, 0 . ener is coctn-
poweampli.-sI Theseamplifiers, schastheklys- taied in a limted region. A monopole antenna will
tron and traveling wave tube, inmee the powerofan radite equally in azimuth, but the RF radiatin has a
oscillator's output. Both amnllfim esea dmlrtech- shorter range.
nique--incti a baam of electrons into a vacuum
tube-and use the inpt- fron the oscillatDr to alter- Mili aryApplica
nately accelerate and decelerate the beam at the de-
,wred frequency. The mcating btum of eectons is It should be understood that mary mlitary usesof
extracted via an electrical conductor'," RFradiatfo are not asocated with wapon sysiem.

In cow .uarism, a magnetron is a vacuum tube witii Nr examplo, the mflitary ume RY radiation for corm-
resmona =vitis. Its static mnagretc field bends the munkatboobtatddectlknkimgngekctro~cnmzm-
eiectro b6mfromnthecathodetotheanode. Thebent temeum therapeutic medical diathermy, indus-
electron eanmesthe resonart cavities and hnuces tri heatid g drying ad had" of metaiv; ad
an alternating current at the desired frequency for food pireparation
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Radio communication is used to transmit voices radiationinexcessofthePELbecausetheRFradiation
and data between distant kocations; radar technology can only be experienced for a fraction of the total time.
isusedtodetecttargetsonthegroundorintheair. The it is radiating. In the predsion-operation mode, the
military also uses RF radiation sources offensively, as system uses both anennas to provide accurate azi-
electronic countermeasures to interfere with hostile muth and elevation information during the final ap-
communmkation or detection devices. Although the proach of aircraft attempting to land. In this mode,
military is experimenting with high-power sources as personnel located within 28 m may almost continu-
potential weapos•, thp main applications continue to ously experience the main beam from either antenna.
be information gathering and broadcasting. Much of Therefore, in the precison mode, a 26-m exclusion
the hardware discussed below is known by a descrip- zone is observed immediately in front of the antennas
tive code, from whicdthe user can determine the Low-Power Radio. SINC(ARS-V is a new family
installation, type of equipment, and its purpose- For of VHF-FM (very high frequency-frequency modula-
the most part, these codes will be used to identify the tion) radis for tactical communications designed for
equipment and weapons systems- simple, quick operation using a push-button tuner. It

is capable of voice, frequency shift key, or digital data
XI'ormAttim Gatherig communications. The frequency range is 30 to 88

MHz, with a nominal output power of 5 W and a
Ground-surveillanccradarlower-powerradioand maximum output. power of 50W when equipped with

air-defenseradarare the mostsignificant infoumtion- a power amplifier. The antennas used with these
gatheringusesof RFradiation. Others, not discussed .y'stems are typical low-gain elemet modes such asa
further in this chapter, include onopolewhip,thesametypeused with citizesband

(CW) radios. Physical contad with the antenna when it
"* mine-detection devices; is equipped with a power amplifier may cause an RF
" avionics radios and weather radars (which are radiation shock Without the amplifier, the -ystem is

also used in broadcafting); not subject to control procedures for RF radiation
- ground-mapping radars; protedicton
*navigationalstranspondersandatirmeters; A-Def Radar. The purpose of the Hawk air-
* missile tracking and guidance systems; defesesystenistoacquireandengagehoiergets
Sobject dassification and identmfication; in the air. To this end, the system is equipped with
security systems and motion detectors; several radars. DetaiL of system petformance and

* mortar source location; pare clssified.
Sprojectie tracking; ar-i The pulsed acquisitio radar (PAR) is one of the

"personnel location. Hawk raiars. The PAk provides information on the
rang aind azimuth directiont of acquired objects such

GrowdSmneitnurRadar,. TheAjN/FPN-40isa as airplanes. Range informatio is obtained by tran-
ground-control approach radar system that is used to miting pulses of RF. radiation and umeuring the time
assket aircraft landings when weatdr conditions xnd for one pulse to return or echo back to the PAR. The
visibility are poor. It comprises an antenm group, a azvmuth direction iskown by observing thedirection
receiver-tranmitt group, a control-ndcator group, from which the echo is received.
and a power-nqspy group. The AN/FPN-40 trans- The antennm is mechanically scan:eJ in azimuth
mitte is able to produce avetage power of 180 Win a through 360 degrees. In this scanning mode, the RF
frequency range 9.0 to9.16GHz. ThePELwhich has radiation leves do not exceed the PEL for continuous
the force of law and is established by the Occupationa exposure due to the dxot duration of exposure that
Healhad SafetyAdministration (OSHAforwolies personnel would experience during each rotation.
and dvilian emplowees at this frequency rare-, is 10 Hlowever, the RFradiationkiese finrton oi the system
mW/cm2 for continuous exposure. will exceed the PEL to a range of 7m when the system

Two antennas can be used to obtain both azimuth is operated with the medanical scan disabled for
and elevation information on aircrt potions. This mainternn More imprtantly, soldiers who per-
infonmatm is obtained through the scanning or sur- form these maintenance operations must never place
vedWance operaho mode, or though the precmio theuisdves between the feed horn and the reflector of
operation mode. In the scanning or surveillance op- the antenna; ex•emely high levels of RF radiation are
nation mode. the system uses the azimuth antenna to present at the feed horn.
search the horizon for akra n thIm mnnmode. S ilotro and thyratron amplifier tubes generae
persn el around the syske. wil nc beexposed to F high-power RF radiation. These tubes can produce X
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rays, which must be shielded to preclude exposing complete a Spend Tdqropic Repoqirt of Sde •WCondj-
soldierm who are working in the viciniiy of these tion (Requirement Control Symbol [RCS) MED-16
devices. [R4D, which is to be transmitted to the Office of The

Surge•n General (OS. QPrvntive Medicine Divi
Bromaaft siot. This medical evaluation iniates a tedcnical

evaluation to analyze the folowing RE radiation pa-
In addition to high-power radio and satellite com- rameters and incident data:

munications termia, other broadcasting uses of RF
radiacnnciudeekscdmi€ountarme ,deted * operatin frequency,
energy, avinic radios, and weather radars , antenna gain,

High-Power Radio. The AN/GRC-106 is a high- & average output power of the transmitter,
frequency (W), sine"ideiund (SSB) radio set used transmisAon losses between the transmitter
prinmrily as a mobile link in a communications net- and the aWM.3,
work It may also be used in fixed and semifixed * distancefromtheantennatothelocationofthe
applications. The AN/GRC-106 has an amplitude alleged overexposure, and
modulation (AM) mode to make it compatible with * duration of the exposure.
standard AM radio sets. it is now being used as the
basic radio set with all the newer radio teletype Anotherconideratimthatmayinfluencetheevalu-
(RATI) configuration ation is the calUbation of the measuring instnmen

The RF power (400 W in the frequency range of 2-3 ion. The stateoftheart of measufin technology does
MHz) is fed to an element antennua The RF radiation not permit measurements more acctate tam ± 2%.
levelsfromthissystem willnotexceedthePELbeynd Therefore, it is often necessary to calcult the mea-
15m from theantenna. More importantly, howe-,. . surement tolerance by calibrating t,. instumenma-
an RF shock or burn can be induced if an individua. lion. To maintain conistency, calibrations shos.id be
makes physical contact with the wnmn while it is traceabletoNationllnstitutesofScienceandTedhol-
transmitting, ogy standards.

satdliteo t TsTemfisLs. TheAN/TSC- The initial technical evaluation permits the investi-
93 satellite coamunications (SATCOM) terminal con- gao to determine the maximum possible exposure
tains receiver and transmitter equipment for voice, level the irividual could have encountered. How-
data, and teletypewriter communications via geosyn- ever, an incident is not classified as an overexposure
duch os orbit satelite The system is transportable solely because the exposum level exceeded the PEL.
for field operation with all but the antenna compo- Forexamplecthelpowerdensitymaybeaveragedover
nents contained in a standard military vehicle. The a 6-mmute period to determine if the exposure level
antenna is a transportb, hih i aperture mod exceeds the PELbya factor of 5. A fator 10 for safety
that is set up next to the vehicle. is integrated into the PEL Army regulations do not

The noidnal power output is 500 W in the fire- a&low actual expoures of more than 5-fold greater
quency rangeof 7to 8 GHz, but typically this system is thun the PEL over 6 minute&
operated ata much lower pmveroutput (k IOW). The If the initial technical evaluation indcates that the
maximum power density in the main beam of the person could have been exposed to RF radiation ex-
antenna willexceed the PEL to a range of 110 m from ceedft the PEL by a factor of 5, then (a) medical
the antenna when trarniting at ful power. In nor- p roelwill administera complete medial evahua-
mal operation. the antenna is set up on high ground, tion but the only manifesution of overexwe that
away fronn elevated structures and is directed toward the evaluation will diagnose is thermal injuy, (b) the
the sky to acquire a satellite. This procedure will USAEHA will conduct an investigaLion; and (c) an
preclude overexposing personniel on the ground in the invesbton report, widchdiidudesthefollow"ncorn-
v:.cinity of the system. ponents, wll be pubWied om-siteinterviews, evaln-

ation of the radiation source, wEas'rements at the
Exposure Iaddends incident cite (orat a similar site using the same equip-

mentý,ouskleratfiof otherevikence to establish the
The severity of an alleged personnel overexposure eitt of theogterexposumand recommendations for

to RE radiation determines the extent of the medical tmprvig deficlendes ;n the Radiation Protctio
and techical nvestigaon. When overexmure to Program
RE radiation is suspected. the local medical depart- The Molowing incidents of alleged exposures were
ment activity must examine the person involved and selctedtodaonsatethenesationpcsfrom
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stat to finish. Most exposure investigations do not enrefd a nearty equipame shelle. ch put the HWPIR
proceed beyond the initial phase- determining if an out of sog* (hI making hesoldier %Wl s0). The soldier
overexposure could possibly have occurred. Usually soon bogan tno, lic isWumbunik fddrin W g the betkS
invesligations find that the field intensity was not o f ahms and on his uper beck.

cmsive (5-fokd greater than the PEL) or the duration AMlomu ow soldimes cmmanwg ofce did not•ed/hilmo a mr, O~r , %kyhe laWv d• kheiM&-
of exsue was too shnrt. In the first case study *. hos*to al f aociliy of a* h iui- d arie ind taw
devcrbed below, an ovexposure was detmnined hwospal w for trs ole elVhe was burneroe4 The
not to have occured, but this fact could only be deter- on arw, rel as su e, pnl hums. nce I cTh
mined after full investigation. In the second case on ft arm and 3 an2 on the Luper bec. Th•e was no
study, an overexposure to RF radiation did occur and gen• alized ,wNoma. AN vtaE signs were normal mrd the
was investigated fully by the USAEHA. Interestingly, Solrw was relesd 8fr beki tPId with Sivadine
in the first case, RFr diatia•n VT M wasalleged t o mNetn (a 1% sumpenmion of silver midiazine in a
be responsible for an actual inuny, whereas in the 1*h0 e). TteheoiaPMED -6repadot
second case, no discemible injuy was fuMd. the ocpions nkury becae RF radiation was a po,-

sMle cause. (AR 40-400. Pa *A ilsbsbm requimsSS~y Ittis im o)caw Sta I fldl mecrt d n w hich wo•ld tram told
exacN WW 1s1 signsm werem e not avail-One RF radiation expomse !ncideP ikoolved a SlDe SlW for •ths cmepo Medieal oiceN= mighi as (a) if

worMng nee a hig power Imninator rader (HIPIR) uni fth bums vm first. second, or thid dspe., or (b) if
ht was tracking aircraft (FIgure 15.11). The soldier was locaRied,•.e•r'mgmer•lizederrymmwermepreset
dime- 1na te* t "S to 40 m from the HiPIR when he The use of Silvadine suggestlstf bullm cwachtc of
reporled feeki loc ted hem ing on his beck. As the .e c d Ives bur were preesn. but if•o..Owkick d

ldier tured around to discemn t hem source, he no- Ohtsmm woaMl be most uwma-l.-E*.l
tied ft HUR directed twad him Immeslely. he Imaddontotb" n m , *xmi*ft Om

F*g 15-13L The higch-power illumnathor radar (HU'R is an acquislren radar of the Hiawk alr-dcekwesyAim.
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tuqusie OWatieUSHA canductan hivesigui o;,( the
driumetmiw warounding the kicidert This hwedga-
"Lin whichwas performed~ $*li sVol wee0s ofVi IFI
icidwit include (a) a dftrrarmlm of ft s aWta W
rNO t11n levls lo at" th e soldler may ho" bee ex-

posed. (b) Mie duralin 40 "n W ra"a"o expre, u-4d
(c) te pollebbwleshllcrssinftrorianWi
s cl I mpoevom. The k"ea ovaluaton was condocle

vie 18-ep! M kstftss The pr**iln" fi*Wkg kl&
caW#Wlhttimwdmum R~raiatio levels te Vi moider
ma have sesprianced weie between 110 wid 150 rrW/ lt35m

Howver i te ack*a ~oeuw duration could not be

PEt. by move imi 5fold, toe USAEHA1 Mial -d a Ui
investigtion of mehaimckld h~lin &vlstofthekiclds
leedouob~tisaintwepower~sniynuaswnment2L

7be kweetigdb Imatee h were dlpatzhed I* ti
*casluedfe~dial ~d n~serngperson-

neL TWdwiaaieinlsrviWsklwlhlpe=rs-
mi assoatded wilh Ow operaton of lIe HMI at to Imo AT
of m incideoL Igo soldier afhsop walesd -- mxued by
taorthn vie HWnpRa, meonlhom rworgihk we II& 15-I. Durbig a trini eicercs, fte operatca of thg
me )klatwtoie imaCie icdet.Ld hoqpitalperson- high-powe Mfumbnator radar MWIIR were traddag air-
n~w'sxsmnulhedthescdr. TliesNriee nugePfe craft nerar local aivrpot Thbe air assaul (AA tent was
I* Ort 80 n- ant pkCIx* of to "wersaurromung on klcaedbetwee theaiport ad the HIFR.Afe ~rte Adar
Incidet had atmtempd to reacquire an aircrft tha had descend

in adcon. me then h m arqkws conmAtctd imowur. beow the line of 9W~t it automwAtcaly returned to its
minsl of the scoa RF tadiaio levlsk at 35 to 40 mn from preassined primay target lirc (PM, away hram the tent
ft fmP. soucs Figure 15-12 ft"o ft relaiv peel-
ftos Of Me HIMI and ft Wet The measurd velss
agreed wUi #moe Soe MWil evOAluton predicted. The tons Wkwided i n ecruen cep!hWorn Ot (EMG) ed a
teaw also dlarmkid OWm the KMPI was M a heftn cownpftd bmnogrsjw (CT) scam. Thew. eamw~nat~s
mode at to tIme c4 to kdctsn. Whm a HMPI iow its &beo fund no aimornalkitss. The afttndig kftarie rec-
tsget Ow radar *0mo as(confu hin Ow samn direcbmo oniineode tegular neurolgcal evaluetbis, which also
will the sam veiocIty) in w~attn p W tFo reacquire ft found no abmoraltls
Urget. I fte HMP does not macqie to targe wifth a
low seconds. the radar wE retu lofts rimey tret(iep Cae Sb*d 2
dkirecnionspreetbylhe oer~ao), whihh ntkieoummca
wa away fkm to lort It is Ikely "a me soldier ws Anolia'RF radioion sirposurn iciftr Involved two

ftmiclon. TheywwerM plhni tod det1rMi whythoaromnnsearc-
The hweetofigletint deteniie mt n~ro Asradliat defsdorasolal-toceled kuldeiw tormninill houein-

OWss9~r I had occumed. The M~t in ft frequeny r p s 0 ey0 burned ciL Wit. the radar was btoaumftlg
rengeoflheMw I s 10 mW/cm2 when avragedover6 thetessoldiers removed gie trarwiftnharhusln covermid
mhiee. The dhawiont of lhe eqmoee cami not have vlausly exmie Ie - insids After having zenie lhe

medefd a few seconds. Theefore, the soldier was =o i 'Ad for 10 mntAs.heynoticedfPeta rigid waveguids
eqieedfto RF raiato in axceesottowPEL The bum wes posilcoed kicorrecly They *iA off to radar lo
may tinybeen causedbyanogmerheatsourmsediem rnone to , I -n peddaW heand aasen*. Upon fut
vim. The sersaio of hoat rom On RF enegy may have tarw o n afer remov fngV assenbl.MqkWyb lie
womtA hsed =wik~ers k*my bs did not caus Lt sourcsltm-e tedrpiabamout a**ctiorlflsxli
Nveislmess unwAhiorlzed personne wN not be permt- waveguld utted esýýýs igiighpuwfsr 1W raiatonto e

ledMwithin t~ clad Rm tkso9Wrsul rle WShedforft wsarm had been severed (Fgure1543).
MWPL Wiithi hoursoldiuoovsrkginl th sevre wavegulds, m

A sense of sawioismft induin ter funclio lests. nialls. woi Ohe - patorthed -m bidd I to the RPO. The
bWo4 cwounts pehnoary linclO bow. and oOhtikiml FPO used in AF -uiodon W meelo wn~ t po deterine,

*imkidow ~ ~ ~ ~ ~ ~ A weetnhtd vrh wi~moie e sow poWwereniY level b whichto m sodisers maty
toneseezitiaftm bx4 rno sovmdwas. Laereisrnin hev bown eripsed. The measurd levels swmeded lhe



Occulviional ikrallh: Thr Soldier and Ihe Induitrial Ba,;e

Fi&, 15-13.7Ther is m no iWal indicaio that Rl radiationt5 hnngermtted by se-vered or craxiked wavvLjgwd

100 mW/cm 2 lItwi of the meter. and fthereore the RPO narice personnel should always perform visua inspectiions
requested the service of the USAEHA. around the transmitter housing with the power to the

On the day after the Incident, before the USAEHA tran.ntter turned off.
investigation team arrived. the soldiers received ophthal-
mic examiwnations. The ema-~nmations included tests for 7he ltadio qenc Radiation Pmkection Phgra
visua acuity, a s1'tain evaluation of the crystalm lents,
ophthaknoscopy. arid an intraocular pressure test. The Teisalto ratvt P srsosbe oexaminations revealed no abnoormalites in either of The asuinstalatao omrehctsivit N) is respnsaible fo
soldiers eyes. The soldiers also reported tha the.,ir intiassrnlhtacmrbniv o~nzn aito
nausea ha:d subs5ided Protection Program (NRPP) is imiplemneted in accor-

The USAEH mekjadegfr ~s~to danice with US. Army regulations. ThNRPPforeach
team conduced an investigaton. They mnternewed tem two installation or activity should include the specific sys-
soldiers. fte RPO. and mnedcal personnel at the mstall- tents, environments, and controls involved at the in-
tion In adition, they measured the actua power-denst stalltion or activity. Most programs contain elemnents;
levels in the regions where the soldiers were trouble- in common, including (at) inventories of RE radiation
shooting. The RF radiation levels ranged from 50 mW/cm2 sources. W engineering controls, Wc administrative
to 250 mW/cm 2. Assuming that at least the minol,()iriinmrgrmumdWeerec
exposure level was expenenced for a maximum of 10 cont-urols, No t erainin programctanve r equternt (PE
minutes. thaem is noquestion tht te solk.ers wer pexdrs-N esnlprtcieeuimn F
posed to RF radiation more ftn 5-fold greater tha Ow s Used by DoD for RF radiation.'
PEL (10 mW/cr,9)

The primary recwmmendation of the investipgaton team Inventories of Radio-Fireqiiency Radiation Souimme
was to test the HIPIR to deterinew why fth flexble
waveguide section had broken. (This was apparently not The installatiort RP) and the detvitits that operate
the first time the waveguide had broken in this manner) the RF radiation sourzes must nuintain inventories of
The investigation tearn also -econwriended that Molante- all RF radiation sourc. (with their correspocdmg
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thret clwasfications). From theme inventories, the for recording radiation-safety-rdlated events
RPO can recommend appropriate engineering and (such as rad iaton-zone violations or overrides
adminisrtive controls to curb exposume of warning signs or safety interloKs).

EaSefiiweig Coxtrols Euuqergey Proedmre

Any device or method that modifies the design, Specific individuals-esignated in writfing-will
construction, or operation of the system to prevent be notilld in the event of an emnergency (such as
w~esiredranaimsexusideredtobeanengieering equipmnent malfimctions or alleged overeqxpore)
control. This inclues safety interlocks that are incor- diat involves RE radiation levels ftht possibly exceed
porated into a system to prevent its operation under the PEL A listof thoweto benotified shold be posted
less-than-optimum conditions. Engineeing controls in control areas. The individual so designated will
restrict radiation levels and radiation zones through report the circtimstances of the emergency to the in-
methods such as warning siren, flashdin warning stallatiooractivtyRPOwho willdetemnineif an R
lighits,built-in dunumy loads, azimuth- and elevation radition expsur 5-fold greater than the PET. has
limiting switches, couplers and attenuators. occurred. If the exposuredid exceed thePELbyS-fold,

the OM~ will request that the USAEHA co:duct an
A iisrative Coltrol Msite investigation.

Physical harriers (such as fences, warning sugs, mddaseevaq~vaewknuto
lights, or alaMS) tbat idenif the radbatonconro within 24 hour of the Intcident, and wili develop and
areaat itsperimeters and accessroutesareadministra- transmit an RC%4MED-16 reponiw At a minimum,
bwv controhls They are used to preclude individuals -.his eja nwtzint wMf includ a~n ocular exaniinao,,
from RE radiation exp~osure. Administrative controls which consists of the folkwhW
rely on the individual to ensure his or her own radia-
lion protectorLStandingoperaftngproceduresGMO~) (1) Ocular his"or, with empbasis on previous eye
are developed to inform those who use the, system hnjwy or die and Urdication Vae (especially

at RE ontrol procedures. Warning ei~areplaced any phosensidtirri maikations).
arorrnd thedevice to further remind wesaof the votten- (2) Distanc visua acuity (with correcton in each
tial for exposure. eye. If the coorecte distance visaal acuity is

pooret tha 20/20 in either eye, a refradion wil
Tmisrfisghoso beperformdto obtinthebest corected acuit.

(3) Anslergrddorslsnlmrpotaenwill be used to tes
The personnel who should receive radiation safety mawular function for distortions aid SCotoUMa

training include all those reqpnsbl for operating. (4) A sbtlap exa~minion of the lkm and cn
maintaninm~orrepairirngRFradiation sourcestat are and anod - -- kalacvlexmnination ofthe iun-
capableofemittinglevelsatorexceedingthoPEL This dus, both with a rapidly acdvu&, sot-diration
ubtrann should be conducted when an hidividual is trydriatic (eg. troplcwMnl unles the wse of a
first employed and annually thereafte. The RN) d~lafagetbift~aye bndkal W
should maintain a record contAning a brief outline of tory arid/or pwufewioWw judgeaent. The fo&
the instructions for each training session and a lis of k~in as a mbniumm, ame tobe meorded:
individuals who received the traning Training ses- (a) Presenceaocabt eofp ies mtewdia.
Sions sh~ould inciuse instra-tion concerning Ck) Sharpnres of the outlie of the optic nerv

*exposure potential assocated with spcii Wc Cuptodiskzatio.
pkees of equipmert, (d Rtio of ri size of the nn kWI

"-hological effects associated with overexpo- teiwvh
-Swe1 to power vt kveb exmcedlg th q) hmnc or abowe of a forest eflex

-,iopr use of protective equipm~ent and de- be
%vw su.+h as barriers. 'sigm and bfhts th) A coWo fwtdus photograph (the preferre

MfCMdenl-rpctig Procedures awUdod that includes the optic nerve head
-t1= e radiatio-safety surveys% and and macula nay be used in place of (b)
-4rocedures fo mintkainin an operational log% Wtuh s abvreY
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LASERS

Lasertechnologydeveloped ina sequencethat inte- during the early 1960o. These were developed to
grated the findingsof both theoretical and experimen. provide more realistic training in the use of direct-fire
tal investigators. When he stated his theory of the weapons.
hydrogen atom in 1913, Nids Bohr first proposed his
contentions that atoms could (a) exist in discrete en- Specific ?ier" of Lases
ergy states and (b) radiate light of well-defined fre-
quencies in transitions betweem tee energys ates. In Las aresources of nonimoiing radiation that can
1917, duing the course ofa toretca investitionof operate in the IR, visigb, and UV regions of the EM
blackbody radiation, Albrt Eitnstei showed that a radiation spectrum. Laser technology utilizes thr
third proce, stimulated emission of radiation, was basic component a lasing medium, a pumping sys-
necessary to account for the observed form of the tem. and a resonant optical cavity. Although only
blackbody's radiation spectrum. these threeconentsare necessary forlasingaction,

The field of electronics and the extension of avail- othercoo metssuch as ksesshutte•sand mi
able sources of radiation in the RF region developed can be added to the system to change the output.
sWKdydurnf thefirsthlfofthe2Othcentury. Inthe The fundamental physical process in theasing
visilAe and IR regions, however, no similar extenion mediumn is the stimulated eaisio of photons (dis-
occurred until 1958, when knowledge and technolo- crete budses or partides of energy), which requies
gies began to proiete (Exbit 15-1). that (a) thepartides of the medium be in an eergtic•

Thecurrentinvemoryof fielded lasersystemsinthe state and-capabe of photonic emission, and: (b) the
United State mmy conss pmtary of thretypes ems must be stumuated (a photon interacts with
of lasers: (1) ruby, (2) neodymnum.7ytim aluminum an ato=s triggering an energy-stae collape, which
garnet (Nd:YAG), and () gallium amre (GaAs). allows another photom to be reeased) (Figure 15-14).
Prototypes of military las rangelinders were devel- Stimulated emussion difers from spontaneous eins-
oped during the 196hs: a ruby laer mounted on the sion, which permits the partide to collapse to a lower
M551AI Sheridan vehicle was fielded in the early
1970s, followed sboetly by another type of ruby laser
rangefi-der that was fielded on the M60A2 misile- a
firing tank. During the 19M&, the Nd:YAG laser
rangefinders and target designators were fielded in
infantry, amnr,artllay, ad aviatio uniut Thethird
type of laser systAm-- dhn•-fe smulator, which
uses the luminescust diodes of GaAs--was fielded.*

E3OLFATION CFLASE371OLfOY b

ating a mawr tmaowavea~icaion byv•anua-

region in 19%.Sd"mvk ,mll ~ mmmm• -

In 1960.

Man m.owdte ser a ee.-ef.lrboroce,

On OF~d~n~t CD I.sysem drow 30 a towe- emey state sad emits a photom.
6his proc occuIV byitelh and he depu% phoon ha,.

nopey iuidfectoLeb)See lnmletmiso•o=tr••w occrsfir-
cent diesof Pw7rim e (rOi Gaae Ls)I tcW. with a ph •The two eitted plww lesvein

Se - dyte,,,ine drctiotand with the sameeasg.
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a b
E.. . 0 E 0 0 0 0 0

G - 0 Qpoop0 G 0

F.S-15-(a) Aorma1&ctrcpuabondstrbut where the pvrdstateG is the most p• ous. (b)An ee
population inversion occurs when the erdited state E becomes more populous than the ground state.

energy and emit a phoon, but in a random direction. A mirror at each end of the lasing medium forms a
Lar operation requirs that each of the photons re- resonantoptical cavity, which permits a beam of light
sulting from stimulated emission ampify the radia- to be reflected from one mirror to the other (Figure
tioA by stimulating two other photons, and so forth. 15-16)?* Laseraredesignedsothatasthislightpasses
This amplification depends on the preexistence of a throughthelasng mediummanytimes, thenumberof
condition caLled popultion iMersin (more eectrons, emitted photons (stimulated embsion) is amplified
exist in the excited than in the lowe- gy state) with each passage. One of tmse mi•rors is only par-
(Figure 15-15).* tialy reflective, thusallowing part ofthe beam toleave

When atterabsorbsenergypopulation inv the optical cavity. This is the laser bum.
canbeencouraged by special miquessuchaspump- The requhrments for the constructim of a laserare
ing.4' Several different systems are available. Optw/ fewand the meansofachieving theserequirementsare
pumping uses a " sorur of light, such as a xenon numerous!2 Many materia!s can act as laser media
flashtube or anothwr laser (usually of a shorter wave- provided a proper stimulation system and a means of
length). F lii o~pumping is aocomplished by gain exist The Uasing mnedium can be composed of
passmganelectriccurmet through thelasn medium. organicorinorganic materialsnanyof thefourphases
Chemiw/-ristion pumping is based on the energy re- of matter (gas, liquid, solid, or plscma). It can be
leasethat oc-usduing the fomation and breakdown pumped into high'r energy statesMthrough 0;eCtriCal
of chemical bonds. disdwge, flashlamp discharge, chemical reaction.

0 0i
.@ PIOWWd Pohmn O Prepqxm~

FJ-S1i6. The basic compcms• o"a cu Loew alasiag (orcavuy) wi feum dPiam oIf !@Im-a
tza•s~mk sa o c• a popu n i . Md •nuns to ality b•ar luea.
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electron injection, and RFstimulation. Laser emission seven optical spectral bands that the International
in some systems is fixed at certain wavelengths, while Commiss;ononlumination(Commissionlnternationak
the output from other systems is tunable. de I'Edairage, CIE) has adopted (Figure 15-17). Actinic

UV radiation (WV-C 1100-280 rnn] and UV-B 1280-315

Direct Biological Effects nm], which produce photochemical changes) charac-
teristically produces erythema and photokeratitis

The biological effects associated with exposure to (welder's flash). UV-A can also produce these effects,

the laser-optical region of the EM radiation spectrum but to a far lesser extent Unless the exposed indi-
involve the skin and the retina, lens, cornea, and con- vidual is also being treated with photosensitizers,
junctiva of the eye. The mechanism of injuy for most which make him or her more sensitive to UV-A, expo-
effects is either photochemical or thermal; some au- sure to UV-A (eg% from LV-A black lights such as
thonities believe that these injury mechanisms are not those used in industry) seldom produces an adverse
understood fully" Thermal effects predominate effect The recent identification of the injm ous wave-
from the long-wavelength-end of the visible region, lengths (the action spectrum) associated with UV cata-

toward the microwave end of the spectrum. Photo- racts concluded that only radiation of 295 to 325 nm

chemical effects usually predominate in the UV and was effective in producinga temporary or permanent
short-wavelength-light region, where photon ener- lenticular opacity for acute exposures."
gies are greatest. (See C-apter 8, Conserving Vision, Although lasers exist that can produce thermal
for additional discussion of laser injuries to the eye.) effects onthe skincurrentlyfiddedmilitarylaserarenot

Becausethenatureand degreeofinjuriesvary with powerful enough to produce any thermal effects on skilL

wavelength, it is useful to consider the effects in the Effectsontheeyearethegreatestxnemnwhenmpfm-

CIE BAND UV-C UV-B UV-A VISIBLE IR-A .R-. IR-C

WAVELENGTH (nnd 100 280 315 400 760 1400 3000 10'6

INTERACTION PREDOMINANTLY
MECHANISM PHOTOCHEMICAL

[440TKTIIS REIAL BURN CORNEL BURNSJ

ADVERSE 3-CATARACT CATARACT
EFFECTS

ERYTHE[Z} COLOR VISION
NIGHT VISIONS...... I DEGRAO)ATIOIN

Jig. 15-17. International Comm-isson on Illuminatiro (Commmii lntenkmdeEdair:,gE CE)spectraW bands with their
e ding verseectlcK The direct bWogical effects of opd•c ridlations aref equexy dependent In the visle and

hiftkrod fIR) zegions, the interaction mechanis is primarily thermuL In the ultraviolet (UV) region, the intaction
mwhangtm is prrdonately pOotodemic9, although tlwrl injwuy is also present. The biologtaeffec fo rRation
are coral bumn- and cataracts. The b•logil effec for vible radiation ar retinal burns, cataracts, ad degradation of
colorornightv•l•ou..ThebiklogcaIeffects ftUV radton arephotokeratitis,cataractsand erythema. UV-A anl UV-Daho
cause sin caner.

564



Noniomzing Radiation

ing a hzard analysis. There is an obvious interest in this fact For example, for ultrashort Laser exposures
defining the sites of principal absorption. Another of picoseconds, the biological effect is nonlinear and
consideration is not only how much energyisabsorbed does not appear to be thermal For the body to sustain
in tissue, but also its relative biological effectiveness thermal injury, exposure toa higher-intensity laser /
once absorbed. This is particularly important outsii cm 2) for a duration greater than 100 igsec is required
thesp•tral regionwhere thern effectspredominate, at because the body's blood flow and heat conduction
wavelengths shorter than approximately 400 nm. away from the exposed site tend to provide some

protection. Thus, if thermal injury has not occurred
Mechanisms of lwjuy within a few seconds, it is unlikely to occur because a

minimal critical temperature (perhaps 45*0 would
Distinguishing the category of injury mechanism is not be reached through further exposure.

of paramount importance in proposing ELs or maxi- Laserbe ismaybecapableofformingshockwaves
mumpermissibleexposures(MPEs)forpersonneland within tissue. The shock wave is believed to result
in predicting the potential long-term, delayed, or from the rapid expansion of a plasma, which has been
chronic effects of exposure. One property that aids in caused by the near-instantaneous heating of a tiny
understanding the differences between iniury-mecha- volume of tissue to approximately 0,0000F. Lasersare
nisincategoriesis r crocily(the product ofirradiance, used ithismanm toperformposteriorcaps Wo•ms
orexposurerate, andthetimenecessarytoproducean in the treatment of cataracts, and to pulverize gall-
effect), which is constant over a wide range of expo- stonesduring laparoscopic surgery. Perhaps theclick-
sure durations. Exposure reciprocity is asumied to ing or popping sound anecdotaly reported by hu-
boldforuptoShours(oneworkday)andthereappears mans who have inadvertently gazed into a laser's
to be very little (although messurable) Additivity for beam can be attributed to such a shock wave."
multiple exposures if carried over one day.

Photochemical imuy. UV effects and blue-light Comment on Inuy Noces=
retinal injury are considered to be photochemical in
orgin. Photochemical processes involve breaking or Theentire injury prcessisbetterwvierstood when
forming molecular bonds, or both, and result from the thedisticobetweeninwcate riesisestblWed.
stimulation of efectoni e•My modes. The property Until recently, the thermal-inr*ry mechanism was
of reciprocity is important in understiuding photo- thought to be associated with the retinal injury that is
chemical processes: they obey the reciprocity rule for sustained when individuals view bright light sources
exposure duration from microseconds to hours. For such as the sun. Researchers were puzzled that the
example, 20 mnjfcZ of 'JV radiation produces the calculated retinal temperature rise for an individual
same degree• f eryIhema whether it is delivered as 20 who stares at the sun was only 2r to 3C for a 2-amm
kWlcm2 forl jsecoras20tW/cm2 forl0I0seconds, pupillay diameter. Labotatory studies of thermal
provided the same wavelengths are employed. Expo- retinal injury also showed that a 100to 200C tempera-
suie guidelines such as the American Conference of ture elevation in the 160-jim solar image was required
Governmental Industrial Hygienists' (ACGIH's) toproduceretinal thermal injurywlthinafewseconds.
Threshold Limit Values (TLVs) or MPE for eye or skin At this duration, short-wavelength light proved to be
exposure to UV radiation are therefore expressed as far more damaging than longer wavelengths, and
radant expmre durr*tkms. reciprocity was maintained over a period of hours.

ThermalIn•ny. Reciprocity does not hold for ther- Research cencluded that theactual mechanism of reti-
mal injury; therefor it is always necessary to specify nal injury was photochemical, not thermnaL
the exposure duration when studying a thermal in- The discovery of the blue-light retinal-injuy pro-
jury. For thermal injuryof theskinoreye from a pulsed cess and the they of photochemical injury answered
source, it is L'e duration of the pulse that determines unexplained questions about solar retinitis (ecipse
the threshold irradiance, TLV, or MPE for a given blindness). Researdhershadnotuunderstoodwhyindi-
wavelength and effkct. The rate-process nature of vidualswhogazed aithesunfor2to3minutesduring
thermal injury suggests that for exposure duraions of a ,vlar eclipse at mzdcay deveklped eclipse scotoma,
less than approximatey 10 to 100 ptsec, the rate of but individualswhogaped forseveral minutesat the
delivery of trirmal energy to the tissue plays only a sun while it was low in the sky-and lacking blue
minor tolebe eusheat conduction cannot occur in so light--Iid not even sustain solar retinifis.0

short a time. The exact chronophores and details of the injury
Even the EL% establsed for lasers tend to reflect mrechanisms for UV eyqthetna and keratitib also re-

56



Occupational HeAlth: The Sold ier and the Industrial Base

nuain largely unknown. However, UV erythema and other potential ancillary sources of adverse biological
kertiis,likerfi nuy,areapparentlymultistaged effects such as chemnical burns, loss of hearing, expo-
because themaunifestations of injury are delayed from sure to airborne contaminants, and electric shock"
several hours to 2days. These sources include chemical reactants and

Both UV radiation and blue lightaremctitnea byproductstarget-generated contamiatscryogenic
-noon. The solarspectralfiradianceat 300nm drops 10- fluids, dyes and solvents, ionizing radiation, noise,
fold by 1500 hours (Stndard Thneý,not Dayligbt Say- and high voltage. Consensus standards (such as those
ingTrm*). Fo hsro~nxosdid~slde from the ACGIH, local and state agencies, and the
not receive enough.-LiWIL b deveip phoW~atitis Ocarpational Safety and Health Administration) gov-
when the sun isuemritszeff; butathesau~ the ern nanyof thesesourcesto limnit exposure to contami-
skin is more directly~exposed to solwUV-aind the narAs associated with laser operation (Table 15-1).
individual may sustuiuerythemna solweý Current laser systems used in the military for aim-

ing weapons are not expected to pose any ancillary
Indirect Biological EMkt ha~zards to the operators. However, a potential for

ocpasure to letha voltages or other ha.Mfu radiation
Many laser systtems used in both~reaz and A!- Immds might exist when protective covers are re-

velop, mentand industry contain orareasoci-tw mo~eU forserviceor maintenance. Safety precautions

TABLE 15-1

REM'ESENTATIVE CONTAMUMNA1S WITH LASER OPERATIONS

Cofttwmkzaw ProbW ~eS~ 4QIA Allowable TWA OSHA Ceilin Value

Asbestos Target 1racksp U2TF1cc
Beryfllim Fbrdkarge bXW /zn 3  0.05 mg/rn 3

Cadmiumaidde fune Mew1 targe 0Tzngfzn3  0.3tmg/rn 3 (005 Mg/n' 3)
CArbonmuoxide lasersas F5-PM 200 ppm
Carbon dkioxd Actwelimw 113000ppm 30AWI ppmtý

Guomnimmxetad MeWLte TO mg/n 3 (05 mg/rn 3)-
Cdalta rnetalfuine. aWi daw Muecaluesm am5 mg/rn3,
Capper fute kfietaLg (Eli mg/rn (0.2 mg/rn 3)-
Mmwiiie 1=cbemi,1aaher, X1 ppmn (2 pprn)t
HKesftaqm nder Actyemmiltun 5pprn 6 ppmt (3 ppm)

Of laetr-
bmacde bne metal targets 10 :ng/rn 3 (5 mng/rn 3)
Miaqpzwsefume Metal targl I Mg/rn3 (I mg/r 3) 3mrg/mM"
N-iche1dfwoublecanqxunds Meta targets I Mg/rn (0.05 Mg A 3) mgM

NdzsV=ioxde GDL$ dscharg (3 ppm) I Pprrt (5 ppm)t
OoA Target & Marx 0.1 ppm 0.3ppmt (0.1 ppm)

generato-s
5 wIM ~ssii User exhaust 2 ppm (2 ppm) 5 ppmt (5 ppm)f
'; MhesUzWondi Saturbl absorime 1,00 ppm
'Urniuu (mfd*il/insouble) Target 0.05/0.2 Mg/rn 3 (0.2 mg/rn) 0.6mg/mM (0.6Mg/m3)t
Va7ACUMINhe Target 0.05 Mg/n'3 (u015 ng/rn 3)-

.Zlncadefuse Tarset 5mUg/rn 3 (5 mg/rn 3) 10 mg/mMt (10 mg/zn3)t

Yahsui -P - 4 s denote lere recommended by ACGIH

tsrimezxosw" lin-its
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are provided in the appropriate technical manuals. fluids is the possibility of explosion from ice collecting
Many chemical fuels and exhaust products are asso- on a valve ora connector. Both protective clothing and

dated with the operation of some laser systems (Ex- faceshieldsshould beused whenhandlinglargequan-
hibit 15-2). Forexample, theuseof high-energy hydro- tiies of liquid nitrogen. Those using gas canisters and
gen fluoride or deuterium fluoride chemical lasers can cryogenic Dewar flasks are required to follow numer-
cause atmospheric discharges of helium, oxides of ous safety procedures (which are beyond the scope of
nitrogen and sulfur, and several fluorinated corn- this chapter) to prevent serious accidents.
pounds (including hydrogen fluoride or deuterium Organic dyes and solh'ents are often used as lasing
fluoride, which are corrosive and environmentally media. Solvents usually compose 99% of the dye
toxic). Normal ventilation techniques, such as dilution solution by weight and are commonly flammable and
and local exhaust, and other engineering and adminis- toxic by inhalation or percutaneous absorption. Con-
trative controls for industrial hygiene can reduce the trol measures for dyes and solvents include exhaust
concentrations of chemical reactants and their ventilation and proper storage and handling of flam-
byproducts. mable chemicals.

The target of a laser operation can itself generate lonifingradiatmon-Xrays--aregeneratedfromsome
airborne contaminants during laser material process- high-voltage power tubes and electron-beam lasers.
ing, beam termination, and interactions with metal This ionizing radiation can be controlled through
surfaces (such asarc welding). The ACGIH has recom- proper monitoring and shielding procedures. Manu-
mended limits for welding fumes to provide protec- facturers can successfully shield lasers to prevent X-
tion from arc-welding contaminants. Control of air- radiation leakage, provided that the lasers are oper-
bornecontaminants canalsobe achieved through local ated with the shields in place.
and dilution exhaust ventilation, and other engineer- Noiselevels that exceed thea.eptable standards are
ing and administrative controls. generated by certain high-energy lasers and trans-

Cryogenic fluids such as liquid nitrogen and others vexsely excited atmospheric p essure lasers, although
are utilized to cool some lasers and many high-sensi- most lasers operate silentl). However, these hazard-
tivity photodetectors. When cryogenic fluids evapo- ous noise levels occur only near the laser or its target,
rate, they displace breathable oxygen and thas should where personnel are not permitted. Other safety con-
be used only in areas of good ventilation. Another siderations thus obviate the need for noise-control
safety hazard associated with the use of cryogenic measures.

Lethal voltage levels often are generated inside the
laser-system enclosure. Personnel can be exposed to
these voltages if the system covers are removed or if
the electrical interlocks are defeated. Standard electri-

EXHIBIT 15-2 cal safety precautions can reduce the risk of electro-

LASER FUELS AND EXHAUSTS cution.

Carbon monoxide Military Applications
MethaneSulfur dioxide Using light for long-range, ine-of-sight communi-cation is not new. Paul Revere received a coded
Sulfur hexafluoride; other sulfur compounds message in light before his ride in 1775. Morse code
Nitrogen utilizing light was widely used during World War IL
Helium Current military uses of laser systems (both hand-held

Fluorine and mounted on vehicles or aircraft) include
rangefinding or distance measurement, tactical target

Lithium designation, and simulation of ballistic characteristics
Carbon disulfide for trnin-ig purposes. Lasers ca.- also be used as part

Hydrofluoric acid of fire-control systems and in conjunction with night-
Hydrogen vision and IR-sensing technologies.

Carbon doxide R4a*gefiIUmS
Various fluorides

Nitrogen oxides Rangefinder laser devices emit a single pulse or
I series of pulses toward a target. A counter is activated
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when the pulse is emitted. When the light contacts the particular weapons system. The sensors attached to
target, a diffusereflectorit is scattered in all directions. the target (such as a tank, aircraft, or personnel) receive
Optical sensors receive the light reflected back to the the code of laser pulses and interpret the code as a kill
rangefinder and deactivate the counter. Thus, the oranearmiss. Anearmisswillsignalthetargetasbeing
distance from the rangefinder to the target can be engaged, and a kill will shut down the MILES.
calculated from the time of travel between the laser
and target and the speed of light using the formula New Applications

cot =The military also uses lasers in conjunction with
2 night vision and IR-sensing technology. For example,

where r represent the range in meters, c represents the diode lasers operating in the near-IR region can illumi-
speed of light (3 x 108m/sec), and I represents time in nate a target to enhance its signature, thus making the
seconds for the pulse of light to travel the round trip, target more visible through a night-vision or IR-sens-
which is why it is necessary to divide by 2. ing device. Similarly, low-power gas lasers, usually

The military frequently uses Nd:YAG as a composed of helium and neon (He-Ne) and operating
rangefinding and designating laser medium. The at 632.8 rim, are used in association with small-cahlber
wavelength of this laser is 1,064 nm, in the near-IR arms for sighting targets.
region of the spectrum. Both the hand-held AN/GVS- Other new applications of lasers include relatively
5 rangefinder and the vehicular-mounted AN/WG-3 safe, low-powered lasers that are being developed for
rangefinder on the M1 tank employ a single pulse of guided optical communication systems or fiber optic
Nd:YAG. The AH-IF Cobra helicopter employs a networks, endshort-to-mediumra georline-of-sight
multiple pulse of Nd:YAG in its Laser Augmented communicahtrs.
AirborneTow (LAAT)mngefinding system. Although Likewise, technology is being developed to use the
the Nd:YAG laser is used frequently, it is not used laserasanopticalcountermeasure: ahigh-powerlaser
exdusively in military laser systems. Forexample, the with a rather large beam divergence can be focused on
M6OA3 tankemploystheAN/WG-2,which isa single- a target to overwhelm the target's biological (the eyes)
pulse ruby laser rangefinder that operates in the vis- or electronic optical sensors that are being used in
ible region of the spectrum at 6Q43 nn. conjunction with its fire-controlsystem. Also, with the

development of technology, very high power lasers
Tactical Target Desi~gators will be used in directed energy warfare to engage

targets asa direct-fire weapon. The laser will transfer
Laser systems accomplish tactical target designa- EM energy to a target and cause the target, oroneof its

tion by emitting a series of pulses toward a diffuse critical components, to overheat and malfunction.
reflection target, whichscattersthelight. Programmed Four types of high-energy lasei technologies are
optical sensors respond to the particular code of pulses potentially suitable for weapons applications: the gas
that the designator emits and direct munitions toward dynamic law, the electric-discharge laser, the chemi-
the target Several laser systems for tactical target cal laser, and the free-electron laser. However, each of
designationalsohaverangefindingcapability-(suchas these systems has significant limitations regarding
the G/VLLD [ground/vehide laser locator designa- militaryutility; therefore, nohigh-energylasersystem
tor]), but others are capable only of tactical target has been fielded.
designation (such as the hand-held AN/PAQ-l [por-
table, invisible radiation, special purpose]). Laser Protection Standards

Directed Fire Sn,'ulator Until 1973, when the first ANSI Standard (Z136.1)
pertaining to lasers was published, only general stan-

Lasers are used extensively in military training to dards for the use of lasers existed. This standard laid
simulate ballistic characteristics of live-fire weapons. the groundwork for a multitude of laser standards,
The most frequently used laser training system is the includingstandardspertainingtolase usein industry
Multiple Integrated Laser Engagement System and themilitaryperformancestandardsand environ-
(MILES), which uses laser diode technology. In most mental and international laws. Today, ANSI Standard
cases, the diode used is GaAs, which operates in the Z136.1'"isupdated triennially. Additional ANSIstan-
905-rnm region of the spectrum. The laser diode is dards encompass other laser uses: ANSI Standard
programmed to emit a code of pulses to simulate a Z136.2 for fiber optics systems. and ANSI Standard
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TABLE 15-2

US. ARMY GUIDANCE PERTAINING TO LASER USE

Regulstion Title po"e

AR 40-5 Prervntive Medicime Describes the radiation control program
AR40-46 Control io Health hazards from lasers Establishes US. Army policies, procedures, and standards for

and High Intensity Optical Sources protection of personnel from the hazards of optical radiation

AR385-63 Pohcies and Proedures for Firing Provides procedures for operating la.ers outdoors on a U..
Ammunition for Training, 4rmy range
Taget Pnitice, and Combat

AMC Reg 385-29 laser Sry Defines the use of lase at U.S. Army Materiel Command
installations

TB MED 524 Control of Hazards to Health from Provides exposure limits and guidance, and establishes
Loar Radiation respontsiblities for peron protection from radlation;

applies to active US. Army, US. Army National Guard, US.
Army Reserve, and Corps of Engineers facilities

Z1363S' for medical lasers. ANSI Standard Z136.4 other willife must be considered.
concerning lser measurement is also being devel- Lasers are also a subject of concern on the interna-
oped. Although the US. Navy uses ANSI Standard tional and national scees. The United States is a part
Z136.1 directly, the US. Air Force maintains its own oftheNorthAtlanticTreatyOrganizationwhkhmain-
standard (Air Force Occupational Safety and Health tains a standardization agreement on laser radiation,
[AIOSHI Standard 16 1-10 )" and the US. Army main- Standization Agrwtent (STANAG)36060 NewYork
tains several regulations and technical bulletins per- and Texas have also set state restrictions for laser we.
taining to laser use (Table 15-2). Official standards do not yet address the use of high-

Title 21, Code of Federal Regulations, Part 1040, intensity optical sources other than lasers. Safetyguide-
dictates the performnce standards for all laser de- lines for these sources are provided in the ACGIH
vimes manufactured after 1976, but some exemptions publication. ThresholdLimit Values and Bogical Expo-
have been made for the military.s Soon after this sure Indices.ý' This document provides guidelines for
regulation was promulgated, the DoD obtained an the use of intense visible sources, which can produce
exemption for tactical laser systems, outdoor training retinal thermal injury;, sources of intense blue light,
lasers, and lasers that were classified in the interest of which can produce retinal photodcemical injury;, and
national defense. In addition, alternate design criteria IRradiationwhich can adverselyaffect the lens. These
were developed for the army, navy, and air force, and guidelines will probably provide a basis for future
were pýublished in Military Standard (MIL-STD) army standards regarding these sources.
1425A. M L-STD4882C add.esses safeguards from
other, related potential hazards.ý Expose Limt

Even certain environmental laws affect the use of
lasers and laser facilities. Congress created the Na- PELs are not used in the field of laser tcnology.
tional Envinmental Policy Act of 1969 to establish na- The terms used are Els or MPEs. The ELs for laser
tional policy to protect the environment and to mini- sources, like those for RF radiation sources, are based
mize adverse environmental consequences of federal on thebiological damageleveLi (These values hould
actiors.' Certain provisions of the act are incorpo- be used asguidesinthecontextof exposure. Theyare
rated into other federal regulations including the NW- based on the best available information from experi-
tional Hisoric Presermtion Act of I966W and the Endan- mental studies.) The interior of the eye is trarnsprent,
grird Species Act of 1973." Army Regulation 200-2 to a varying extent, to wavelengths between 400 and
contains US. Army policy pertaining to these mat- A rOnunr Thevia responseoftheeye swavelength
tees Because lasers can be used outdoors on a range, dependent The amount of incoming optical energy
the effect of lasradiationon endangered species and that is first transmitted through the anterior portions
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FiS 15-1& The eye's absorption of nonionizmg radiation depends on the wavelength of the incident radiation. Human
visual response is limited to wavelengths of approximately 400 to 700 nm. but the retinal pigment epithehum (RP1J
absorbs from wavelengths 400 to 1,400 rnm. Although we may not be able tosee the lasertheevestill responds and focbes
the energy.

of the eye and then absorbed by the retinal pigment Threat Analysis and Euluatio
epithelium (RPE) is also wavelength dependent (Fig-
ure 15-18). Separate ELs have been established for all An analysis of the hazards that laser systems pose
wavelengths. The cornea and le" of the eye concen- must (a) verify that the engineering controls that have
trate the energy of a laser beam 100,000-fold greater been incorporated into the system comply with the
than the unfocused energy; therefore, extrenmly small control standards, (b) determine the requirements for
amounts of optical energy can injure the retina, eye protectin. and (c) determine the nominal ocular

Because pulsed lasers operateat pulse widths of less hazAM distances (NOHDs) for both the unaided eye
than one nanosecond to several seconds, the ELs de- and the eye that is aided by magnifying optics. The
pend on the pulse width, repetition, and expected NOHDisthedistancerequired for the beam to expand
duration ofexposure. An individual mightbeexposed to the point where the ELis not exceeded. TheNOHDs
to a visible laser for 0.25 seconds, until the natural for military designator lasers extend 10 to 20 km for
aversion response to light causes the exposed ind i- unaided viewing and 40 to 50 km for optically aided
vidual to turn away. In comparison, exposure to viewing; the NOHD formilitaryrangefindersisgener-
invisible wavelengths can last 10 seconds or longer, ally 5 to 10 km. However, these lsers are known to
before the individual becomes aware that he or she is cause various levels of eye injury at shorter distances.
being exposed. This s because inmvl wavelengths The ruby laser rangefinder exceeds the hemorrhage
do not invoke the natural aversion response to light level within 100 m (Figure 15-19), and can inflict a

Laser-control standards keep exposure levels low retinal lesion within 1,100 m if the victim is standing
ewough to prectude any known risk, even repeated directly in the beam. A laser designator can inflict a
exposures day after da-y. The radiant exposure that retinal lesion within 5 km, but again. the victim must
causes a minimum injury, such as a visible lesion on be standing directly in the beam to sustain this injury,
the retina. cornea, or unprotected skin, is generally 1 - and, in the judgment of USAH's Laser Branch, the
to 50-fold higher than the established ELs. probability that thiswilloccuris very small An optical
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S Fig. 15-19" Th corxcentraton of ruby Las light is plotted asa fditance o r ( ) graph predicts
that a retinal hemronhage would occur at a dsanceless t.an 100 m, a vsible lesin would occrat a d•tance less than 1,100
m, and that the exposure limit would be exceeded at a distance less than 8,0X0 m.

viewing system can extend these distances by magni- cuffed in 1984 at Fort Bragg, North Carolina, involved
fying the power of the system. the ANIPAQ-1 and was similar to these two). (See Fig-

ures8-17and 8-18 in lapter8, C iserving Vision, for
Laser and Optical Radiation Exporm Incidents other laser injuries) The thiud and fourth case studies

describe incidents where the reported ocular effects
Unlike RF radiation exposures, few incidents of were inconsistent with the potential laser exposure.

laser and optical radiation exposures have been re-
ported since 1981, when the USAEHA began investi- Cawe St4y
gating them. Eight imcidents were formally investi-
gated frm 1981 through 1987, although approximately On 3 March 1987 a cMIan enmly at Abedeen
16 were known to have occurred. From 1988 to 1992, Proving Ground, Maryland. was adnting a NdYAG-
one additional laser incident occurred, and in 1988, a pumpx d dye laer when he reported smei a wnle orange
formal procedure was established for the investi- flash. The law wan operating at a wavegth of 620 nm
gation of laser and RF radiation exposure incidents w-th a pulse-repetition frequency of•10 HL The Indivdual
(USAEHA Regulation 40-13).ý' This procedure may was not wearing er eye OPrt6 at the WIS bIneas
involve a formal investigation followed by an official it k his vow, ad vkm*V the bea Is neenti1 for
report, but only when directed by the 01 . peWmi austinents.D:uring the eye examinat•o that cndc su

The following four case studies of laser ad optical t ie h, te rys de l repontOW seeng d a ftera
radiation exposures havebeen selected to illustrate the reddish apm p oxknat 2 feet In ndi in hs right
rangeof incdentsthattheUSAEHA investigates. The eye On os g a larg object 20 feet away. -he
first two o0iern two of the threeserious retinal injuries exwainn •sowe vlsWW acWty of 20/x (not menur"]
that have occurred since 1961 (the third, which oc for the right eye. and 20/20 the left eys. A fumduscopic

571



Occupational Healtkc The Soldier and the Industrial Base

examinationshowed amacularhemorrhageapproximately 20/20 for the left eye. The indrndual reported no visual
1.5 disc diameters wide in the right eye and a normal left disturbances. Six days later, a followup examinabon dem-
eye. Retinal photographs were taken on the day of the onstrated 20(20 visual acuity In both eyes. Neither of the
injury and on followup eye examinations (Figure 15-20). two exa:Mnabons revealed any ophthalmoscopically vis-

The examinations and investigation hold that the indi- ible retinal changes.
vidual probably recerved a total intraocular exposure of Like the eye examination, the USAEHA investigation of
approximately 550 pJ, which is 3.000-fold greater than Me the Incident failed to prove that an overexposure had
occupational exposure limit of 0.19 i'J. The injury was occurred. The Investigation showed that at the time of the
consistent wit the exposure parameters. The indvidual allegedexposure the lndivdual was located approximately
did regain 20/20 vision in the injured eye, but continues to 8.1 m from the transmitter. The laser was rigidly moxnted
experience a slight visual degradation in his visual field and the direct beam's height was too far above the ground
when using the affected eye for monocular vision, to expose the individuars eyes. If the individual had been

exposed to the direct blam at this distance, he would have
Case Study 2 received a comeal Irradiance of 170 pW/cm2 . Approxi-

mately I minute of exposure to 170 pW/cm2 is permitted.
On 18 July 1989 a U.S. Army soldier stationed m the and similarly. 8 hours of exposure is permitted for 17 pW/

Federal Repubikc of Germany reported two laser expo- cm2. The actual exposum was probably approximately 1.7
sures induced by an MX-9838 ANIGVS-5 laser IR obsere- piW/cm2, which Is far below the 8-hour limit. Therefore, the
tion set. The soldier claimed that he was exposed to the individual was not exposed beyond the occupational mruit,
direct beam at 10 to 12 inches from the source. With each and the persistence of the afterimage was not consistent
exposure, the soldier reported seeing a whitish flesh, with the exposre level.
hearing a click, and then immediately seeing a dark spot in
his visual field. Later, he reported seeing what appeared to Case Study 4
be dark jellyfish tendrils in his field of view. which appearew
red in high-level ambient illumination. On 2 July 1986, while inside the turret of an M60A3 tank

Because the GVS-5 is a single-shot laser rangefinder. a at Fort Indiantown Gap, Pennsylvania, an Individual per-
maximum of one injury Is expected per exposure. The formed a self test on a ruby laser rangefinder operating at
retinal examination, however, showed four separate le- 694.3 nm. Within one-half hour after performing the self
sions in and around the macula. The ophthalmologist, who test, the individual complained of an irritation in his left eye.
examined the soldier the day following the injury, discv- Inflammation increased. becoming more intense over the
ered the right eye to demonstrate poor visual acuity (20/ next 4 days. When the Individual returned to work after a
400). and the left eye to demonstrate 20/20 visual acuity holiday, he was sent for an examination. The civilian
(Figure 15-21). Although the ophthalmologist found the left oplhthalmologist's examination proved normal. except for a
eye to be normal, the right eye had sustained mu"tipl preexisting nevus on the fundus of the left eye. and
mac W ianddpeemaarla bumswbhedemasubretra episclentis and keratitis of the left eye. The ophthalmolo-
hemorrhages, rupture of the Internal liitiing membrane. gist did not attribute the nevus to laser exposure, but did
and vitreal hemorrhage. attriue the episeritts and keratitis to accidental laser

The eye examination and the USAEHA investigation exposure because the individual had been working with
concluded that the maximum intraocular exposure for each lasers at the onset of these conditions.
pulse could be 15 mJ at 1,064 fim, if the exposed eye U.S. Army ophthalmologists examined the individuars
collected all the radiant energy emitted. The occupational eyes and disagreed with the findings of the civilian ophthal-
exposure limit for a pulse less than 50 ps at 1,064 rim is 1.9 mologist. The patient was then flown to Walter Reed Army
p.J. The potential exposure was therefore approximately Mediml Center for examination 4 days after the initial eye
8.000-fold greater than this limit- Although the severty of examination. Army ophthalmologists there agreed with the
the injuries was consistent wth the exposure, the numiber dimcal findings of the civilian ophthalmologist, but were
of injuries was not consistent with the incident as reported. more guarded about attributin the other two findings to

laser exposure. Contrary to the civilian ophthalmologist's
Cam Study 3 conclusion, episcletris is a relatively common inflam-

mation of the anterior segment of the eye and its cause
On 4 October 1984 an individual at Jefferson Proving is usually unknown. Similarly, the civilian ophthalmol-

Ground, Inditana, reported being exposed to a helum-neon ogists conclusion that a ruby laser induced the kerattis
laser for I to 2 minutes. The individual reported swing a is inconSistent with scienifkc and clinical evidence that
dark afterimage in a uniform circle, approximately the size suggests that red light at 694.3 nm cannot damage ft
of a goffbalL The after•mge gradually disappeared. and it cornea unless it is of sufficient intensity to cause cata-
had completely disaeard within 1 hour after the alleged strophic injuyto postcomneil ocular tissue. The onset of
exposure. the episc••mtis and keratitis after the aw se"l test was

The individual had two eye examinations after the al- coenciden 1. In additicn, radiornetnc measurments v*6-
legedincident. Anexaminabonperformed6 hoursafterthe fled that no laser radiation was present Inside the turret
incident showed visual acuity of 20M30 for the right eye, and durn the self test.
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Fig. 15-20. (a) The retinal photograph of an acctdent victim's right eye shows macular hemorrhage. (b) The retinal
photograph of the pabent's right eye, taken 3 months after the accident, shows recovery to 20/20 vision.

ab

Fig. 1•-21. (a) This retinal photograph tsf the pat-ent's right eye was taken 3 weeks after the incident. Little change is noted
and vision has not improved beyond 20/400 (b)This retinal photograph of the patient's right eye was taken approximately
1 month after exposure to an AN/GVS-5 laser.
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The Laser Protection Program the skin; others pose hazards from combustion or
diffuse reflection.

The installation or activity commander has control
over the Laser Protection Program elements; theinstal- Engineering Controls
lation or activity RPO is responsible for implementing
the program. A typical Laser Protection Program Title 21, Code of Federal Regulations, Part 1040
includeselementssuchas(a)laserinventoryandtlreat (1988), dictates the type of engineeri.Ix controls re-
dcassification, (b) engineering controls, (c) training, :4) quiredforlaserequipment, basedon, t' ser'sclasse!
administrative controls, and (e) laser eye protection. This standard requires that all lasers (a) contain an

interlocked protective housing and (b) dLislay proper
Inventory and Threat Classification labeling and appropriate user and v ervkie informa-

tion. Inaddition,Classes2, 3,and 4 laU. t rsmistcontain
Complete program files should be maintained by an emission indicator and a beam attn .uaW Classes

the RPO to include the current records of inventory, 3b and 4 lasers are further required lo •jve (a) an
SOPs, and records of related safety instruction. emission indicator that is activated priorto Iater emis-

Lasersandlasersystemsareevaluatedtodetermine sion, (b) a connector that can deactivate the laser re-
the severity of hazard that they are capable of posing. motely, and (c) a key-operatedswitch top.-event unau-
Each laser or laser system is classified in one of four thorized use. Alternate control measumns that do not
basic hazard categories, with Class I being the least interfere with the military mission are contained in
hazardous and Class 4 being the most" Class1 lasers MIt-STD 1425A for military-exempt lasers. Laser
donot poseahazard topersonnel, even ifall the energy laboratories must also maintain engnering controls
emitted can be focused into a person's eye. A few to preclude personnel exposure, including warning
training lasers and laser-diode systems fall into this lights and signs; filtered view ports; and, for Class 4
category, but most open-beiam (unenclosed) lasers are lasers, door interlocks.
too powerfuL In many systems, however, powerful
Class 4 lasers are enclosed inside interlocked cabinets Administrative Controls
within the system. These endosed lasers present no
hazard during normal operation and are therefore SOPs and other administrative controls such as
categorized Class 1. protocols, operators manuals, and good safety prac-

Class 2 lasers, which are visible, only pose a hazard tices are important components of laser-protection
if an idividual overcomes his or her normal aversion control. Every installation or activity that usesClasses
response and stares into the laser for more than 0.25 3or 41ase:s should publish anSOP for proper la.seruse.
seconds. Lasers less than I mW are categorized Class This SOP should specifically address the hazards of
2,and lasers that donot exceed theEL forlO00seconds the lasers in the environment where they are used and
(approximately 16 min) are categorized Class 2a. should prescribe procedures for their safe use.

In general, lasers that exceed the Claass nd Class
2 criteria, but are less than 0.5 W in their average Training Programs
power, are categorized CW4 3. This category issubdi-
vided into Class 3a and Class 3b, with Class 3a posing Laser-safety training is necessary for all who oper-
the leser threat. Class 3a lasers do not pose an imme- ate potentially hazardous optical equipment This
diate hazard to personnel who either view the source training should include instruction concerning the
directly or view a reflection from a specular surface. hazards of the particular pieces of equipment, protec-
However, Class 3a lasers pose an immediate hazard to tion methods, and enmegency procedures. Instructors
personnel who are using magnifying optics. A visible involved inthe training of laser safety and range saiety
laser is categorized Class 3a if the output power is I- to personnel should receive further instruction concern-
5-fold greater than the Class 2 accessible exposure ing basic optics, biological effects of lasers, laser safety
limits (AELs). A UV or nesr-IR laser is classified Class standards, laser-protective clothing (eyewearo gloves,
3a if the output power or enetgy is 1- to 5-fold greater and flame-retardant clothing), and preparation of la-
than the Class 1 limit Class 3 lasers, or laser systems ser range areas.
that do not meet the previous requirement (such as
single-pulsed neodymium rangefinders), are classi- Eye Protertion
fled as Class 3b.

Class 4 lsers have an average output exceeding0.5 The type of laser eye protection that the US. Army
W. Some are capable of producing thermal injuries to uses is rapidly changing due to new technology. The
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army is planning to distribute the Ballistic/Laser Pro-
tective Spectacle (BLPS) to all personnel. BLPS is
designed to provide protection both against moving
objects and against all currently fielded DoD laser

: equipment (Figure 15-22; see also Figure 8-29 in Chap-
"ter 8, Conserving Vision). However, BLPS is not
required in a training environment, due to the admin-
"istrative controls already in place. BLPS is currently
available to a select few (details are classified), but
other types of lasereye protection areavailable through
commercial vendors for most army personnel.

Laser eye protectors are designed for protection
.* against a specific wavelength and have a certain

__ • amount of attenuation known as optical density (OD).
Therefore, the laser's wavelength and the required OD

F 15-22. The Ballistic/Laser Protective Spectacle. e must be known before selecting the proper eye protec-Flg 1522 Th BlhsicLasr Potctie pecace. he tion. Because the U.S. Army frequently uses the
brown spectacle provides ballistic and sun protecmon. The to.BcueteU.Am rqetyue h
dear spectacle provides ballitic protection only. The blue- Nd:YAG laser at 1,064 nm and the ruby laser at 694.3

green frontsert is a laser eye protector that can be worn over mn, eye protection with an OD of 6 or greater at these
either spectacle. Photograph- COurtesy of the US Army wavelengths will provide adequate protection from
Envirnmental Hygieni Ageny. most lasers fielded by the army.

MEDICAL SURVEILLANCE

There is no scientific basis or epideniological mvi- equate protective measures cannot be provided. Re-
dence to suggest thlw m'ciical surveillance for RF gardless of their classification, all individuaLs who
radiation workers i.s izwssa, ard 1the army's pro- begin working with lasers must undergo a preplace-
gram of periodic ocuLar e ii-•.i-ons for them was ment examination to determine their baseline visual
eliminated in February 1992- However, the army has status prior to potential exposure and a termination
a medical surveillance program for laser workers, examination on termination of e"mployment or mili-
which employs Loth screening and diagnostic exami- tary occupational specialty.
naton protocos. If at any tune during employrrient, an individual

The ocular surveillance examinations within the suspects tla be .,r she has been exposed to a laser
program are divided into three categoriez- preplace- beam in ex,. of the ELs, that individual must be
ment, imwoediate, aqd termination. These examina- examinedl wvhin 24 hours of the suspected incident.L
tions are based on whether the individual is clad~ified This acton initiates a preliminary investigation and
as an incidental or a laser worker. Incidental workejt records the incident in a registry nf alleged laser over-
are employees whose work makes it possible, bvi exposure
unlikely, that they will be exposed to laser energ~y Two different protocols-screening and diagnos-
sufficient to damage their eyes. For esams•le, opera- tic-are used for OOcid- surr.illan& e examinations.
tors of fielded equipment are considered incldental The screening protoc -I ý.- tA.4: ! ;r preplacement and
workers. Laser workers are employees who routinely termlnationexaminiut..it,,;ýirdentalandlawerwork-
work in laser environments and have a hiZer riik of ers. The dagr.-sti, ltot :xi "; used for immediate
accidental overeypos-rre; for example. laser-mainte- examinations, ard will be performed by an optom-
nance workers and research, development, te"t, and etrist, ophthalmolos, or rhysician who possesses
evaluation personnel w %, 'n situations where ad- the necessary skills.

SUMMARY

EM radiation may be ionizing or nonionizing. sesses a variety of physical characteristics such as
Nonionizing radiation includes EM radiation with divergence, interference, coherence, and polarization.
wavelengths greater than I nmand is classified as UV These characteristics, together with the media with
radiation, visible light, IRradiation, microwave radia- which it interacts, determines how the radiation is
tion, and RF radiation. Nonionizing radiation pos- scad,absorbed,transmitted,refractedordaffacted.
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When nonionizing EM radiation is absorbed by mat- cations of laser technology consist mainly of lasers for
ter, either translational, vibrational, rotational, orelec- targeting devices; these lase.; do not cause injury to
tronic energy modes of constituent atoms and mol- the skin but can cause permanent retinal injury when
ecules are excited Excitation of translational modes a soldier stares directly into the laser's beam.
generates heat. Excitation of electronic modes gener- Indirect biological effects may follow the use of
ates photochemical reactions. nonionizing radiation sources. EM interference with

Nonionizing EM radiation can interact with tissue electronic devices can disrupt the operation of life-
in a variety of ways, the most medically important support equipment such as pacemakers. Interference
being absorption and excitation of electronic modes. can occur at levels below the PEL for RF exposure of
Therefore, alldirect biological effects from exposure to humans. Ancillary sources of health effects associated
nonienizing radiation are thermally or photochemi- with lasers include caustic chemicals, noise, airborne
cally induced. When radiation energy is absorbed by contaminants, and electricity. Ionizing radiation,
biological tissue, it can be converted to heat. Ifthetotal such as X rays, are also produced by some RF and
energy absorption exceeds the capacity of the tissue, optical sources where high-voltage vacuum tubes are
then a thermal effect may be produced. Optical radia- employed.
tion effects occur to theeyesand the skin. RF radiation The military uses RF radiation for communication,
can affect all organs of the body; however, the eyes target detection, imaging, electronic countermea-
and skin are generally the most sensitive. sures, medical diathermy, industrial heating, and food

The direct biological effects of RF radiation expo- preparation. Ground su.-veillance radar assists air-
sure are dependent on the radiation frequency and craft landing under adverse weather conditions. Ra-
mecha:tism of energy transfer. Conduction of RF dios permit commanders to direct their troops and
energy requires physical contact with an active RF obtain information from their troops. Air-defense
sourceand cancausean RFshockorbum. AnRFbum radars direct weapons to hostile targets and provide
isgenerallydeeperthananordinaryburn. Couplingof early warning of an attack. Satellite communication
RIF energy from an RF source at the resonant fre- terminals provideforlong-range voiceand data trans-
quencyofthebody willincrease the energy 3- to5-fold. missions with greater speed and capacity than radio
Absorption is the only mechanism for energy transfer transmissions.
when the recipient is at least 0.2 X from thesource. The The protection of army personnel from overexpo-
PELs for RF radiation are based on limiting the specific sureto nanionizing radiation isaccomplished through
absorption rate to no more than 0.4 W/kg. The bio- a comprehensive Radiation Protection Program. The
logical effects from RF radiation absorption include implementation of the program is the responsibility of
lenticular cataracts, erytherna, and tissue burns, the installation or activity commander to ensure the

The direct biological effects of optical radiations are safety and health of his or her personnel. To this end,
frequency dependent. In the visible and IR regions, consensus standards for occupational exposure to
theinteraction mechanism is primarily thermal. In the nonionizing radiation have been developed and are
U'V region, the interaction mechanism is predomi- enforced througharmy regulations. Theprimaryregu-
nantly photochemical, although thermal injury is also lation is AR40-5. Procedures havebeen established for
present. The biological effects for mid- to far-IR radia- the investigation of alleged overexposure incidents.
tion are corneal bums and cataracts. The biological The incidence of accidental exposure to nonioniz-
effects for visible and near-IR radiation are retinal ing radiation in excess of established limits has been
burns and degradation of color or niSht vision. The rare, especially considering the numberand variety of
biological effects for UV radiation ate photokeratitis, sources in use today and the types of environments
cataracts, and erythema. where they are used. The best medicine is preventive.

Lasers are a special case of nrnionizing radiation. But in the event of an accidental overexposure, it is
Lasers are highly collimated, monochromatic, and in- the responsibility of the attending physician to deter-
tensesourcesofradiation;thereforetheinjuriescaused mine if an injury has occurred and to prescribe a
by lasers are generally acute, and consist mostly of treatment. Aneyeexaminationshouldbeperformedas
localized bums or retinal injuries. The military appli- a minimum.
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INTRODUCTION

Wilhelm Roentgen could not have envisioned the However, many sources do have the potential to de-
impact that his 1895 discovery of X rays would have. hver significant exposuresand a large numberof mili-
That discovery, MarieCurie'sdLscovery of radium, the tary and civilian employees are routinely exposed to
discovery and development of atomic fission and fu- low-level radiation. Thus, occupational exposure to
sion, and other discoveries described in this chapter ionizingradiationinthemnilitarydemandsrecognition
led to military and civihan applications of ionizing and attention, throughstrictadherencetoallaspectsof
radiation (Exhibit 16-1). With these uses came the need safety requirements. Clearly,exposures froma nuclear
for occupational health programs to control expo- detonationpose thegreatest ionizing radiation hazard
sures. to the soldier. However, because these effects are

Most military occupational exposures are minimal described in Medical Consequences of Nuclear Warfare,
due to the safety procedures and engineering controls Part I, Volume 2 in the Textbook of Military Medicine
in place and the nature of the sources of the radiation. series, they will not be discussed in detail lhere.

PROPERTIES OF IONIZING RADIATION

Radiationiscategorizedaccordingtoitsoriginsand cause biological damage if they remain on exposed
its properties. For radiation to be considered ionizing, skin and if they are deposited internally. The best
it must have sufficient energy to strip electrons from shields against beta particles are plastics, or metals
the outer shell of neutral atoms or molecules. This with low atomic numbers.
strippingofelectrors liberatesfreeelectonsand posi- Neutrons have no charge. They are produced in
tive ions, which can cause a biological effect. Ionizing nuclear reactions or are emitted by certain heavy,
radiation can be characterized as either particulate or artificial radioisotopes and can travel up to 3,000 m
ehtwmagnelic (EM). through air. Because neutrons can penetrate tissue

easily, exposure to external sources can cause biologi-
Particulate Radiation cal damage to deeper tissues. The best substances to

shield against neutrons are hydrogenous materials
Particulateradiation is composed of alpha particles, such as water, paraffin, and concrete.

beta particles, and neutrons. Alpha particles, which
are equivalent to helium nuclei, are heavy and have a Eiectromagnetic Radiation
double positive charge. They are emitted from nuclei
of heavy radioisotopes and can travel up to 10 cm Gamma rays and X rays are types of EM ionizing
through air. and up to 0.1 mm through tissue. Because radiation, but they differ in their origins. the nuclei of
alpha particles are easy to shield against and cannot most radioisotopes emit gamma rays, whereas the
penetrate the outer layers of skin, exposure from exter- orbital shells of virtually all radioisotopes emit X rays.
nal sources cause. little biological damage. However, X rays can also be machine produced. Both gamma
alpha particles that are deposited internally can cause and X rays can travel up to 3000 m through air.
considerable biological damage. Typically, gamma and X rays can penetrate tissue

Beta particles are equivalent to electrons: they easilybuttheirrangethroughtissuedependsontheir
weigh far less than alpha particles and have a single energy. Gamma and X rays can cause biological dam-
negative charge (or, in the case of positrons, a single age from external exposure or Internal deposition of
positive charge). They are emitted from the nuclei of emitting radioisotopes. The best shields against these
radioisotopes, and can travel up to 10 m through air radioisotopes are heavy, dense metals such as lead,
and up to 8 mm through tissue. Beta particles can steel, and depleted uranium.

DISCOVERY AND APPLICATIONS OF X RAYS

Roentgen's discovery of X rayswasa culmination of fluorescing on a table some distance from the cathode
the research of scientists such as Wilhelm Hittorf, ray tube with which he was working."2 This occur-
WllliamCrookes, Heinrich Hertz, and Philipp Lenard. rencestimulated hisinterestand he worked fevierishly
Roentgen's discovery was sparked on 8 November over the next few days to comprehend and document
1895 when he saw the barium platino-cyanide screen the observed phenomenon. By turning the current on
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EXHIBIT 16-1

KEY DEVELOPMENTS IN ATOMIC FISSION

Year Development

1897 J.J Thomson identified the electrion. Ernest Rutherford identifiedalphaand beta rays emanating from uranium
and later correctly identified them as helium nuclei and electrons, respectively.

1898 Villard recognized gamma rays and observed their similarities to the roentgen ray.

1905 Albert Einstein proposed his famous equation, E=nmci, stating the relationship of energy to mass.

1910 F. Soddy suggested an explanation foratoms with slightly different weights, but identical chemical properties,
and called them isotopes.

1911 Rutherford proposed the atomic theory with a distribution of mass and charge that is essentially the one that
we accept today.

1913 Niels Bhr suggested an atomic structure involving a central nucleus with orbital electrons in layers around it.

1919 Rutherford bombarded rutrogen atoms with alpha particles and observed the producton of hydrogen and
oxygen. This milestone was the first controlled experiment in which oneelement was artficaall'y transformed
into another.

1931 Ernest Lawrence invented the cyclotron, a chamber in which it is possible to accelerate particles to ummense
speeds for use as proectiles.

1932 James Chadwick of Cambridge University recognized the neutron.

1934 Enrico Fermi first split an atom of uranium by neutron bombardment. Lise Meitner, a German physicist
explained the process and termed atfiswn; it was quickly realized that large amourts of energy were released
in this process.

1939 Ferniapproached theU.S. Navy Departmenttabout theprospectsforan atomicweaponand expressed his fear
that Gernany would produce and use such a weapon. The importance and power of atomic fission was clear
to many scientists. Some also foresaw and were frightened by the implcations of its use as a weapon. A letter,
drafted by Leo Szilard and signed by Einstein, wa• forwarded to President Franklin D. Roosevelt, and
Roosevelt started the process that would result in the development of the atomic bomb.

1940 D 1Y Ke-st constructed a betatron, in which elftrons were accelerated to energies of 20 million electron volts
(MeV), and later to 300 MeV, by magnetic induction.

1941 The Manhattan Project began. consolidating the fragmwented efforts at atomic weapons developuent. Brigadier
General Leslie Groves (a civil engineer) was appointed as the preject's director, and J. Robert Oppenheimer (a
physics professor at the University of California, Berkeley) was selected as the scientific d,-ector.

1942 On 2 December Fermi successfully initiated the first self-sustaining nuclear chain reaction in a uranium pile at
the University of Chicago.

1943 On 16 July the first atomic bomb (a plutonium-fueled implosion device) was detonated in New Mexico. On 6
August an atornic bomb (z gun-assembly. uranium-fueld device code-named Little Boy) was drcpped on
HiroshimaJapan.On 11 August a second atomic bomb (a plutonium-fueled implosion devicecode-named Fat
Man) was dropped on Nagasaki, Japan.

Soure Dewing SB Mtdmn Rt•lky i. Hom*WI P,,sp'rny. Spnngfleld. Rhk Charles C Thomma 1962.
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and off, Roentgen observed that the fluorescence was Within a year. several examples of the use of X rays for
related to discharge within the tube. Roentgen con- diagnoses were available.
cluded that he had found a new phenomenon, which The army attempted to experiment with X rays
emanated from the tube. within 3 months of Roentgen's discovery when the

In testing this phenomenon's ability to penetrate curator of the Army Medical Museum, Major Walter
various materials, Roentgen was startled to see the Reed, applied to The US Army Surgeon General for
image of thebonesof his own hand ona photographic authority to obtain a roentgen-ray apparatus. Al-
plate. After this discovery, Roentgen observed and though Surgeon General George Steinberg initially
recorded thedifferentialdevelopmentof photographic denied Reed's request, there is evidence that the mu-
plates using materials of various densities. He even seum possessed a roentgen-ray apparatus by June
produced animageof his wife's hand with a 15-minute 1896. Admission records ofGarfield Hospital in Wash-
exposure.2 To document the findings of these experi- ington, D C., show that a 17-year-old female patient
ments, Roentgen wrote a paper describing the rays' was admitted with a penetrating gunshot wound to
means of production and their important properties. the hip, which had been inflicted when her brother
InDecember1895,hesubmittedit, entitledANewKind accidentally discharged a .22-caliber weapon. Dr.
ofRays, to the Wurzburg Physical-Medical Society. On Joseph S. Wall accompanied the patient in a horse-
6January 1896 Roentgen's discovery was announced drawn ambulance to the Army Medical Museum,
to thewo-dd,creating an immediate stir in thescientific where Dr. William Gray could assist in identifying the
community! Others apparently had observed the bullet's exact location with a Roentgen tube (Figure
photographic effects of X rays but had failed to recog- 16-1). The patient was exposed to X rays for I hour
nize the significance of the phenomenon. before a roentgenogram showing the bullet's location

could be obtained. After this examination, the patient
Medical Uses was returned to Garfield Hospital, where the bullet

was successfully removed.'
The medical community in general, and the US. Although the army began experimenting with X

Army in particular, were quick to embrace the new rays soon after their discovery, other countries had
technology that followed the discovery of X rays. actuallyemployed them in treating militarycasualties

Fi& 16-1 A roentgen-ray tubesimilar to theone possessed by the US. Army Medical Museum that was used to locatea bullet
lodged in a patient in 1896. Crude tubes of this type were the first X-ray machines used by the USý Army. Source. Henry RS.
The Armed Forme InstaluteofPasthdo.y, tis First Cintury 1862-1962 Washington, DC: Office ofTheSurgeon General, DA, 1964.
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early roentgenograms may leave much to be desired portable X-ray apparatus and one bedside unit. In
by today'sstandards, theywere, in factremarkable for May 1918 the fast X-ray ambulance was tested and
their clanty and utility (Figure 16-3). found to be successfuL

By the time the United States entered World War!, On 25Novemberof thatsameyear, thearmy refined
radiology was becoming established as a medical dis- its methods for using X rays and published the United
cipline. However, the use of X rays was limited be- Stales Army X-ray Manual under the direction of the
cause the equipment and supplies were unsuited to Division of Roentgenology of the Office of The Sur-
mass use and too few radiologists were available. In geon General.' This manual served as a guide and
fact, in April 1917 the US. Army had onlyoneradiolo- textbook for military roentgenologists. By the end of
gist: Colonel Philip Huntington.4 World War !, the United States had shipped 150 corn-

While no real distinction existed between military plete base hospital X-ray units, 250 bedside X-ray
and civilian medical applications of roentgenology, units,264portableX-rayunits,and 55 X-ray-equipped
the military's differing circumstances required spe- ambulances overseas!
cialized apparatus. Forexample, portableand bedside Radiology as a specialty made tremendous strides
X-ray units, not used in the civilian sector, were tai- during the interval between World War I and World
lored to military needs (Figure 16-4). The army also War II: equipment was improved, radiologists were
recognized that X-ray capabilities were necessary in formally trained, and radiological technologies were
mobile hospitals and surgical units, and therefore developed and clinically apFlied. By the onset of
modified a standard armyambulance tohousea field- World War I1, the use of X-ray technology was well

Fig. 16-3. This famous radiograph of the hand of
Prescott Hall Butler showing multipke, retained
shot was made by Michael I. Pupn in New York
City, probably on 14 February 1896. 1 was the first
roentgen plate to guide a surgical operation in New
Yor&..andl isthe best ofall early roentgen prnts as
far as technical quahty (and bone detail) Lis con-
cerned which is quite unusual when one considers
the fact that thex rays were produced In the glass of
the tube, and were in no way focused. Reprinted
fro Gngg ERN.Thr Trarlofthe nvisbleigkht: From
X.Strahkn to Rado(bio~)loqy. Springfield, Il: Charles
C Thomas, 1965: 312.
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X-ray units, not used in the civilian sector, were tai- during the interval between World War I and World
lored to military needs (Figure 16-4). The army also War IL: equipment was improved, radiologists were
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Prescott Hall Butler showing multiple, retained
shot was made by Michael i. Pupin in New York
City, probably on 14 February 1896. llwas'thefirst
roentgen plate toguidea surgical operation inNew
York..Iandl isthebe-t ofalt early roentgen pnntsas
far as tecnical quahty (and bone detail) s con-
cerned which is quite unusual when one considers
the fact th~at the x rays were produced in the glass of
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Fig. 16-4. The Waite and Bartlett Army bed-ide unit, shown at the base hospital in Grand Blottereaux in 1915, wvas the firs.t
.,tock X-ray equipmenit that used a Coolidge hot-cathode tube. The examiner looked into a crvpo.opr. the hand-held
fluortyscope Source Feldman A A sketchof the technical historyof radiology from I8%.o 1920. RsadiCra1*Yc,ý. 19b9~9(b) 1113-
1128 Photograph Courtesy of Arnold Feldman, Methodist Medical Center, Peoria, Ill

established as a diagnostic and therapeutic tool. Radi- branch, a part of the Surgery Division, later became the
olegy as a recognized medical specialty was an inte- Surgical Consultants Division.4
gral part of every hospital, and radiology teams were Great advances in radiological technology were
part of aUXihdry surgical groups that performed front- rnadebeginning in the 1 950s, partly resulting from the
line surgery. military uses. of radiology during World War 1, Dur-

Providing radiological services was not effortless, ing the Korean and Vietnam Wars, X rays were used
however. Once basic equipment was supplied, radi- extensively in the diagnosis and treatment of casual-
ologists and technicians had to maintain it, often with ties (Figure 16-6).
great difficulty and improvisation. Battlefield needs Also during the 195Nsand 1960s, A.M Cormack, a
sparked further developments in mobile and portable South African, did the original work on projection
X-ray systems such as the U.S. Army Field X-rzy unit, imaging that set the stage for computed tomography
which was widely used both at frort- and rear-echelon (CT). However, the evolution of that technology fromi
military medical facilities (Figure 16-5) " iXspite the experimental curiosity to clinical reality was largely
advarices in radiology and training techniques, radi- due to the efforts of English engineer Godfrey
ologists wcre constantly in short supply during World Hounsfield.*
War il In an effort to meet radiological needs, training CT was introduced-intomedical practice in thecearly
courses were provided for medical officersand techni- I97Ms This technology made cros-,ecional imaging
cians at institutions such as the U.S Army School of with X rays possible, which greatly #enhanced the
Roentgenology!' physician's ability to swe abnormalities in a variety of

The importance of radiology during World War 11 anatomical structures. Vast technological improve-
was also reflected iii the structure of the US Army ments have been made in CT technology sin-c the
Surgeon General's Office. The Raditation Branch, later Flounsfield scanners wer introduced Within only 4
renamed Radiology, was established on 12 July 1942 years, major improvemt-nts (four generations) of the
under the direction of MajorMichael E_ Deukey o This CT scanner decreased minimum scanning times from
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- FiR& 16-S. A portable field X-ray unit in
'~~? ~action inWorddWar11. The uratshown

was developed by the Flicker Corpora-
tion, which becane the sole supplier of

- the U.S. Army Field X-Ray urit during
World War 11. Source-. Krohmer IS. Ra-
diography and fluoroxopy 1920-1989.
RadioGraphicsl9899(6): 1129-1153.Pho-
tograph.~Courtesy of lack S Krohrner,
PhD, Georgetown, Tex.

Fig. I"4 The X-ray sectxhi of a forward surgical hospital durin the Korean War. The advances in X-ray technology and
techniques that had been developed Oince World War 11 pertnitted fiel hospitals to practice quality mainugf in their
treatmn~t of battlefield casualties Soute Howard PA, ed. The battle wound: Clinical experiences. In: Baikf Casualties ill
Kmrev. Studies of the Surgic-al Resea*rc Tomn. Vol 3. Washington DC: Army Medical Service Graduate School. Walter Reed
Army Medical Center, 1955.
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5 minutes to 5 se .As; during the next 2 years, the ranging from malignancies to excess facial hair. This
minimum scanning times were reduced to 2 seconds' experimentation resulted in many disappointing out-
Advances and refinements continue to achieve en- comes as well as radiation injuries However, the
hanced imaging and resolution and to further reduce number of successes was sufficient to maintain the
scan times to milliseconds. Clinical medicine has interest of scientists and physicians in the therapeutic
benefited from cross-sectional imaging, and the field value of X rays, particularly with respect to tumors.
of radiology continues to evolve as medicine advances In the early years, the efficacy of therapeutic X rays
with the computer era Current approaches being was limited by the low kilovoltage that the equipment
explored employ radiation sources at wavelengths not could achieve, which enabled the X-ray beam to pen-
now used for imaging. etrate only shallowly."0 Thus, brachytherapy (ie, the

Parallel to their diagnostic uses, the therapeutic application of an encapsulated radioactive source or
usesofX raysdateback to29January 18%,when Emil sources to deliver a radiation dose at a distance not
H. Grubbe reported that he, in collaboration with Dr. greater than a few centimeters) using radium was
R. Ludlum in Chicago, had treated a carcinoma of the more useful than external-beam therapy (teletherapy)
oreast with 18 X-ray treatments.'0 During the next few until approximately 1921, when higher-energy exter-
years, therapeutic X rays were tried on conditions nal-beam systems became available." In 1937, the

Fig. 16-7. Dr. Ralph Phillips and a patient to
be treated using the 1-million-electron.volt

. (MeV) therapy installation at St. Bar-
t tholomew's Hospital, London. The unit
Screated high-energy, penetrating X rays

that could be used for treating cancers and
"other tumors The immediatebenefit to the
patient of the eradication or reduction of
the tumor generally was thought to out-
weigh the risk of developing future can-
cers from thehigh radiationdosedehivered
by such a therapy device. Source Laughlin
IS. Radiation therapy. RadioGraphics.
19899(6).1232. Photograph: Reprinted with
permission from BnM I Radiology British
Institute of Radiology, London, England.
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earliest type of supervoltage teletherapy unit (Figure The development of the linear accelerator further
16-7) was used on patients." This 1-million-electron- advanced the therapeutic use of X rays. Before and
volt (MeV) unit was used at St Bartholomew's Hospi- during World War 11, oscillator tubes capable of rela-
tal in London, England, under the supervision of Dr. tively high-power output a, microwave frequencies
Ralph Phillips and George Innes. were developed and ?pplied to radar." At the end of

The therapeutic use of X rays progressed when World War I1, the iechnology was refined and applied
high-energy sources became available. In 1940, to theadvancementofthelinearaccelerator, whichhas
Donald W. Kerst of the University of Illinois devel- become the predominant modality for delivering
oped the betatron (Figure 16-8), which functioned as modern radiation teletherapy treatment.
an electron accelerator. This first betatron operated at
2.3 MeV, the second at 20 MeV, and the third at 300 Industrial Uses
MeV. In 1948, Kerst collaborated with Dr. Henry
Quastler at the University of Illinois in the first treat- Industrial radiography sprang from Roentgen's
ment of a tumor using these high-energy rays. Local- mention of the radiograph of a piece of metal in his
ized irradiation from the betatron was administered 1895 paper. Metallurgists seized this concept as a
to a graduate student at the university whose brain nondestructive method of examining metals. Asearly
tumor had been partially excised. The patient eventu- as 1896, the war departments of Germany, Austria,
ally succumbed to cancer, but theautopsy revealed no and the United States were using X rays to examine
viable neoplastic cells in the irradiated region." The cannons. In 1922,a200-kV,5-mA industrial X-rayunit
Allis-Chalmers ManufacturingCompanydeveloped a wasassembled at theUS. Army Arsenal at Watertown,
commercial version of the betatron in 1948 with im- Massachusefts. 2 Duringthe 1940s, betatronswerealso
provements for medical use. used extensively in industrial radiography. New !ech-

Fig. 16.& Professor Donald Kerst with two of his betatrons (1940). A betatron is an electron accelerator. Thesebetatrons were
compact and able to acceleraieelectrons to high energies. Electrons that reach sufficiently high energies areable to penetrate
deeply into tissue, therefore, accelerated electrons can be used therapeutically. Additionally, the betatron-accelerated
electrons were relatively monoenergetbc and their energy was easy to control Source'. Laughlin JS. Radiation therapy.
RadwoGrap/•re 1989,9(6)-1254 Photograph: Courtesy of John S. Laughlin. Medxial Phyvscs D*partment, New York, NY.
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nology and increased and diversified uses of conven- lic goods, but the development of state-of-the-art im-
tional applications, such as radiography, have prolif- age intensifiers pernits inspection of heavier materi-
erated the industrial uses of machine-produced ioniz- als. Continuous automatic inspection uses devices
ing radiation. such as thickness and height-of-fill gauges. Thickness

Dunng World War II, General Electric Company gauges, which automatically control the production
physicist E. Dale Trout was assigned to work with the machinery, are used tocontinuouslymeasurethe thick-
military on industrial radiography. Trout assured the ness of sheet metal,glass, and rubber These measure-
quality of all aircraft templates for the B-17s, B-24s, mentsaremadebypassing the product between an X-
B-29-,s, and B-50s with X rays. He claimed that during ray-emitting tube and the detector. Height-of-fill
his work with the military, every shell of 155 mm or gauges also operate by passing filled containers be-
larger, all aircraft bearings, and all rocket propellant tween the X-ray tube and the detecting element.
grains were X rayed, on continuously operating equip- Containers not filled to the predetermined level permit
ment. Trout and the military also assembled a 1-MeV more X rays to pass through, which activates a device
unit at Hayward, California, to radiograph the out- that automatically removes the underfilled containers
board struts on ships built at Mare Island and at from the conveyor.
Hunter's Point.ii The military and private industry also employ ion-

As part of its production-line quality control, the izing radiation toanalyzematerialsbymeansof X-ray
US. Army inspects materiel by means of radiographic, diffraction and X-ray absorption photometry. Because
fluoroscopic, and continuous automatic inspection, crystals diffract X rays in a specific diffraction pattern,
Radiographic inspection to detect a defective weld X rays permit qualitative and quantitative analyses of
was attempted within I year after the discovery of X crystalline materials. X-ray absorption photometry is
rays However, industrial radiography was used very also an analyzing technique, but this method utilizes
little until 1920 because neither the equipment nor the the differences in absorption of the various elements.
filmavailable weresuited for thatpurpose. Today, the The military, like private industry, uses electron-
army has several industrial radiographic units, which beam generators to deliver massivedoses of radiation.
range in size from the small portable unit used to One device forelectron-beamr processing is the Van de
inspect pipeline welds to the 25 MeV betatron used to Graaff apparatus, which is an electron accelerator.
inspect armor plate and missiles. Another is the 1- or 2-MV resonant transformer X-ray

Fluoroscopy, which produces X-ray images in real apparatus. Some applications of electron-beam pro-
time, lends itself to use on conveyor production lines cessing include sterilizing foods and drugs, extermi-
or assembly lines, and is also used for nondestructive, nating insects in seeds, toughening polyethylene con-
noninvasive inspection of packages and luggage. In tainers (which induces cross-linkage of polyethylene
the past, fluoroscopic inspection on production lines molecules),and activating chemical reactions in petro-
was limited to thin, lightweight metals and nonmetal- leum processing.

DISCOVERY AND USES OF RADIOISOTOPES

In 1896, Henri Becquerel followed Wilhelm Roent- the spontaneous emission of rays.2 The emanations of
gen in exploring the idea that naturally fluorescent uranium were initially named Becquerel rays; how-
minerals might emit rays similar to roentgen rays. On ever, this discovery received surprisingly little atten-
1 March 1896, while studying the influence of light on tion until consequent work was done by Marie and
the fluorescence of uranium salts, Becquerel placed a Pierre Curie. In fact, the Curies coined the term radii-
sample of uranium in direct sunlight to study the aclivily to describe the phenomenon.
degree of development of a shielded photographic Becquerel conducted much work on radioactivity
plate he had placed under the sample. When the sky with the Curies after Marie Curie took an avid interest
became cloudy, Becquerel interrupted the test and set in Becquerel'sreport in 1897. InJulyof 1898, the Curies
the cassette aside. He processed this cassette a few and Becquerel positively identified a new element
days later and found that its emulsion had developed and named it polonium. In December they identified
identically to that from cassettes that had been ex- another and dubbed it radium. Howevre, it was not
posed to bright sunlight. Recognizing the importance until 1902 that they refined a pure sample, which
of his finding, Becquerel announced to the Paris Acad- allowed them to establish the atomic weight of radium
emy of Science in November 1896 that he had detected as 226. In 1910, Marie Curie purified radium metal in
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