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EXECUTIVE SUMMARY

This report is a literature review (75 references) which covers physical
and chemical properties, analytical methods, experimental animal studies
and occupational health and safety of diesel fuel and the white smoke
generated from it.

Diesel fuel is a refined, distilled petroleum product made from crude oil.
The chemical composition of diesel fuel varies from batch to batch, but the
fuel is required to have certain other properties which have been specified
by the U.S. Armed Forces. Certain additives may be added to improve engine
performance. The smoke which 18 produced from diesel fuel consists of tiny
0oil droplets suspended in air in a concentration great enough to produce a
dense white cloud.

Inhalation of diesel oil smoke may cause lung damage, although further
studies are needed. Irritation of the skin occurs in some individuals who
handle diesel fuel in industry. The skin irritation consists of dryness,
redness and pimples, sometimes severe enough to leave scars. Whether it is
due to an allergy or to carelessness and uncleanliness is uncertain. Swallow-
ing diesel fuel may severely damage the stomach lining. If diesel fuel is
taken into the lungs, severe irritation, coughing, and inability to breathe
may result. The lung condition may clear up or death may occur, especially
in accidents when children drink and choke on diesel fuel. The possible harm-
ful effects to humans during long-term exposure to diesel fuel white smoke
have not been studied.

In studies on experimental animals, diesel fuel white smoke produced
reduced ability to fight infection in rats, as well as loss of coordination,
tiredness, and dry flaking skin. Rats fed diesel fuel developed abnormal
blood, liver damage, and some died. When rat skin was painted with diesel
fuel, pimples, hair loss and peeling of skin occurred. Some diesel fuel
batches caused skin cancer after painting the fuel repeatedly on mouse skin.
No studies are reported for effects of diesel fuel on reproduction in animals.

When taken into the body, some of the aromatic compounds of diesel fuel
are metabolized in the liver. Arene oxides, formed as intermediates in the
metabolism, may be cancer producing or cause mutations. Diesel fuel may be
excreted from the body in the urine, or exhaled from the lungs.

Persons who may be exposed to diesel fuel white smoke should be protected
from breathing the smoke and getting it in eyes, on skin and hair. Medical
examinations should be provided to check for lung problems, skin problems or
other disturbances in persons exposed to the smoke.




ABSTRACT

Literature is reviewed (75 references) covering analysis, physical and
chemical properties, human and animal toxicology, mammalian pharmacokinetics,
industrial standards and occupational hazards of diesel fuel and white smoke
(an aerosol mixture of diesel fuel, additives, diesel engine exhaust and pyro-
lysis products). Diesel fuel is an aliphatic and aromatic hydrocarbon mixture
obtained from the siraight-run distillat%on of petroleum and often blended
with cracked fuels. Composition is controlled only by physical properties
(boiling range, flash point, viscosity, cetane number); additives improve
combustibility, reduce corrosiveness and reduce gum formation. The smoke 1s
generated by feeding diesel fuel into the exhaust manifold of a diesel engine,
creating a vapor which condenses into an opaque mass of microdroplets which
may be useful in screening wilitary equipment and personnel, The health
hazards of exposure to white smoke have not been studied, although pure diesel
fuel aerosols do not appear to be irritating to the respiratory tract or skin
of humans during acute exposures to relatively low concentrations, Dermatitis
following direct contact with diesel fuel is reportedly due to a combination
of poor occupational hygiene and constitutional factors. Ingestion of diesel
fuel results in gastritis and patchy destruction of the gastric mucosa.

Systemic changes in mammals have been noted in studies of blood chemistry and
hematology. Aspiration pneumonitis 1s a greater hazard to the health than
ingestion. There are no long-term studies on diesel fuel in humans or laboratory
animals. Likewise, there are no studies on teratogenicity, mutagenicity or meta-
bolism of diesel fuel. Selected data on the toxicity and pharmacokinetics of ,
somewhat similar hydrocarbon mixtures (kerosene, mineral seal 0il) and concentrates
of aromatic and aliphatic compounds occurring in diesel fuel (alkylbenzenes, hexa-
decane) are presented in an effort to identify possible risks, although the inter-
actions of various hydrocarbons of the diesel fuel mixture in the organism are
unkown. Prevention of exposure of personnel with heart, kidney, lung or liver
disease, hydrocarbon allergy or chronic skin disease, protection against inhalation
of white smoke aerosols and against skin exposure, limiting duration of

exposure, medical surveillance for early detection of adverse effects, and
documentation of all adverse effects of exposure are suggested. Recommen-

dations for further research include chemical analysis as well as toxico-

logical investigations of white smoke inhalation, and skin contact, feeding

and metabolism of diesel fuel with additives,
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FOREWORD

The U.S. Army Medical Research and Development Command has received
the task of assessing occupational health and safety aspects of various
chemicals to which army: personnel may be exposed. In response
to that assigmment, this Problem Definition Study (PDS) has been prepared
under contract number DAMD=17=77-C~7020 in order to provide the published
information relating to occupational health and safety aspects of diesel
fuel. Diesel fuel, which is a mixture of hydrocarbons obtained from
petroleum distillates, is intended to be used to produce screening smoke,
technically a fog, consisting of a suspension in air of minute droplets
of the fuel. The subjects covered in this report include physical and
chemical properties, maethods of analysis, toxicological studies on humans
~ and animals, metabolism, industrial hygiene and safety practices. An
" appendix lists the sources examined to locate relevant information in
the literature. Also included in the appendix is a list of various
organizations contacted to obtain revelant information concerning diesél

fuel,

This Problem Definition Scndy is the, first in a series of eight reports
prepared’ under ‘this contract.”
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T. INTRODUCTION AND STATEMENT OF PROBLEM

- - White smoke is intentionally generated for purposes of screening per-
sonnel.. Where personnel may be exposed the least toxic, noxious, and
otherwise objectionable materials should be used. The "screening" use
exposes personnel in the open, those partially protected in vehicles, op-
erators of free-standing smoke generators, and operator-passengers of
vehicles whose exhaust manifolds have been modified to generate smoke.
Routes of exposure would be inhalation primarily, percutaneous secondarily,

and ingestion.

Since it is anticipated that diesel fuel with its attendant additives
may be used as a replacement for the somewhat different hydrocarbon mix-
ture, fog oil, actually specified for white smoke generators, the toxic
nature of the replacement must be ascertained to provide adequate safe-

guards for the most heavily exposed personnel.




II. TECHNICAL SUMMARY
A. Description of Diesel Fuel (and Additives) and Diesel Fuel Smoke

As purchased by the U.S. Armed Forces diesel fuel is a mixture of hydro-
carbons (aliphatic and aromatic) obtained from the atmospheric distilla-
tion of petroleum, or a blend of the same with hydrocarbons obtained by
breaking down yet higher boiling compounds. The composition is con-
trolled only by the interaction of specifications covering boiling point,
cetane number, viscosity, and flash point, which vary according to
environmental conditions. Additives may also be present in very small
quantities to: dimprove combustibility - alkyl nitrates; reduce corro-
sion of storage vessels — surfactants; reduce gum formation (improve
compatibility of mixed source fuels) - mixed surfactant; antioxidant
(gum retardation) -~ aromatic amines or phenols. The smoke, technically
a fog, consists of a suspension in air of 0.5-1.0 micron droplets of
the oil, individually translucent but opaque en masse.

B., Effects on Humans

Diesel fuel studies in humans have been limited in scope and number,
Aerosols of diesel oil appear to be relatively harmless when exposures are
short (0,33 mg/1, 10 min,), Skin and mucous membrane irritation are unusual,

Inhalation of aerosol droplets into the lungs has not been studied, although
it has been assumed that no pulmonary damage occurs by this route. Longer
exposures to diesel fuel aerosols are not reported in the literature.

One skin effect of diesel fuel is dermatitis, which may occur in sus-
ceptible individuals. The skin reaction is characterized by erythema,
burning, and pruritis in early stages, progressing to papular eruptionms,
folliculitis, scaling and fissures, and possible abscess formation., In
the industrial setting, it 18 unclear what proportion of dermatitis is
due to allergy or constitutional susceptibility, and what proportion is
due to carelessness or poor personal hygiene.

Ingestion of diesel fuel may cause acute gastritis and temporary
damage to the gastric mucosa. Aspiration (direct entry into lungs) results in

respiratory distress and acute chemical pneumonitis which usually resolves,
but large quantities may cause death if pulmonary damage is severe, In cgges

of poisaning in children, toxicity and mortality were due to aspiration of

diesel fuel, not {ingestion. No follow-up was undertaken. No epidemiologic analysis
has been performed on any aspect of diesel fuel effects in humans.

Any effects of white smoke aerosols (containing diesel fuel, exhaust fumes,
pyrolysis products and additives) have not been documented.




C. Animal Toxicity

Toxicological studies on diesel fuel per se are limited. Table 6
(pp. 31-33) summarizes the studies and results. Toxic effects of similar
hydrocarbon compositions have been presented. Although the toxicity of
aromatic hydrocarbons present in diesel fuel has been investigated,
their presence in the diesel fuel does not seem to enhance its toxicity.

Rats exposed to aerosol concentrations of 10 mg/l of either diesel
fuel or kerosene (time of exposure not given) showed no pulmonary sur-
factant reduction. In rabbits exposed to smoke from a mixture of diesel
fuel and motor oil (16.6:1), effects on immunological response included
recuced antibody production to typhoid-paratyphoid vaccine and absence
of secondary response.

Exposure of rats to a saturated atmosphere (up to 0.1 mg/l) of kerosene
vapors (similar hydrocarbon composition to diesel fuelj see section IV) for
8 hours had no significant adverse effects. However, when rats were ex-
posed to aerosol concentrations of 6.9-9.6 mg/l of kerosene for 6 hours
on 4 successive days, loss of coordination, sluggishness, and dryness
and flaking of skin of extremities were observed. No effects were ob-
served in cats upon a single 6-hour exposure to kerosene aerosol at 6.4
mg/1l. Mice exposed to similar aerosol at 6.9 mg/l (duration not given)
showed slight depression of respiratory rate.

Rats exposed to C,~C,, aromatic fractions distilling at the low end of
diesel fuel boiling range at vapor concentrations of 5.2 mg/l for 18 hours
had congested lungs and liver, hemorrhagic kidneys and enlarged spleens;
similar exposure at 3.2 mg/l (18 hours/day) for 101 days caused reduced
weight gain, decreased total white blood cell count, congestion and hemor-
rhage in the lungs, liver, kidneys, spleen and omentum; levels of 1 mg/l
for 8 hours daily, 5 days a week (88 exposures) were ineffective. Monkeys
exposed to vapor concentrations of 1 mg/l for 7 hours/day, 5 days/week
(90 exposures) remained sedated during the exposure and showed significantly
decreased total of white blood cell count, with an increase in numbers of
neutrophils and a decrease in lymphocytes, hair loss, dry skin,and slight
depression of myelocvtic and erythrocytic activity of the bone marrow. No
other gross or microscopic changes were noted. The inhalation LC50°f C9-C10

aromatics in rats was 14.4 mg/l (7 hours) and 3.4 mg/l (3 3/4 hours), respec-
tively. The oral LD., of diesel fuel in rats was 16 mg/kg body weight. Rats
fed 20-25 mg/kg body weight daily showed marked changes in the peripheral

blood picture after 7 days. Elevated serum enzyme levels of malate dehydro-
genase, aspartate aminotransferase and alanine aminotransferase were indicative
of liver damage.

Skin application of diesel fuel in rats produced epidermal splitting
and exfoliation, hair loss, and a papular rash. Diesel fuel did not produce
skin sensitization in guinea pigs. The heavier grade diesel fuels have been
found to be carcinogenic in mice after skin application; for the lighter grades

3




of diesel fuel conforming to military specifications, the carcinogenicity has not
been established to date.

The following organs were adversely affected by administration of
diesel fuel or related hydrocarbons to laboratory animals: blood, lungs,
skin, central nervous system, bone marrow, spleen, liver, kidney, eye
(cataract), gastrointestinal tract and bone.

There are no studies available on mutagenicity, teratogenicity or
fertility for diesel fuel.

D. Pharmacokinetics

It is probable that the organism absorbs, metabolizes, stores or excretes
each of diesel fuel's hydrocarbons as individual chemicals; the influences
of one component upon the others have not been investigated. The absorption
rate of diesel fuel through the skin of rats has been found to be too slow
for large accumulations to occur in the bedy.

Normal aliphatic hydrocarbons such as hexadecane and octadecane are
emulsified and partly absorbed from the mammalian gastrointestinal tract;
some oxidation to fatty acids of the same carbon number occurs in the
intestinal mucosa prior to absorption, while a portion of the alkanes is
absorbed unaltered. Absorption into lymph is greater than directly into
portal blood. After application of hexadecane to the skin of guinea pigs,
about 20X is absorbed. Alkane mixtures with more than 20 carbon atoms

reduced penetration; repeated applications of hexadecane enhanced absorp-
tion,

Aromatic hydrocarbons are absorbed slowly through the skin, gastro-
intestinal tract and respiratory epithelium.

Normal alkanes and fatty acid metabolites are cleared from the blood-
stream by the liver, and some deposits in fatty tissue occur. The Cjg
fatty acid is incorporated into liver lecithin, oleic, palmitic and
stearic acids. Microsomal oxidation of hexadecane and octadecane occurs
in the liver and lungs of mice.

Aromatic hydrocarbons such as alkylbenzenes are bound to red blood
cells; smaller amounts are adsorbed on lipoproteins or dissolved in
chylomicrons in the bloodstream. Because of their lipid solubility,
aromatic hydrocarbons easily cross membranes and distribution and accum-
ulation occur in fat-containing tissues.

Kerosene and naphthalene increase the urinary glucuronic acid and organic
sulfate levels in rabbits, indicating that biotransformation is one metabolic
pathway for these hydrocarbons. Polycyclic aromatic compounds are metabolized
in the mammalian liver to phenols, trans-dihydrodiols, glutathione conjugates and
mercapturic acids via intermediary arene oxides (epoxides). The possible cyto~
toxicity, mutagenicity and carcinogenicity of arene oxides, which bind to intra-
cellular nucleic acids and other macromolecules, are presently being studied.

4
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I11. RECOMMENDATIONS AND HAZARD ANALYSIS
A, Recommendations for Further Research

At the present time, almost no research on white dilesel fuel smoke
has been reported. Specific areas where work is needed include: (1)
determining smoke density or concentration; (2) qualitative and quantita-
tive analyses of white smoke; (3) consideration of the method of genera-
tion of the aerosol, with respect to the temperatures reached in the
exhaust manifold where the diesel fuel is introduced; and (4) the pro-
portion of engine exhaust mixed with the white smoke, Diesel fuel should be
chemically analvzed to formulate a 'standard' for testing purposes.

The biologic effects of white smoke exposure have not been studied.
Observations (if existent) of the effects on military personnel employed
in fogging operations have not been made available. Until the smoke mix-
ture is analyzed, experimental conditions for conducting animal studies
need to be established. Refer to Table 1 for a more detalled description

of recommended toxicological studies.

B. Hazard Analysis

Due to the limlted studies undertaken so far, it is impossible to
assess hazards. Possible dangers exist in inhalation (respiratory tract
irrictation, absorption and systemlc effects), FEffects on skin, mucous
membranes and conjunctivae also need to be studied at the same smoke con-
centrations and over the same duration to which army personnel are exposed.

Since laboratory animals have shown changes in lungs, skin, central
nervous system, blood, bone marrow, spleen, liver, kidney, eye, gastro-
intestinal tract and bone, the effects on humans need evaluation in

terms of organ toxicity.
C, Recommendations for Protective Equipment

Until it can be stated whether or not diesel fuel white smoke is
toxic, protection should be provided to exposed personnel. Face masks
capable of filtering diesel fuel aerosol particles around 0,5 microns
in diameter, as well as exhaust fumes should be worn. Protective cloth-
ing is recommended where skin exposure is expected. Personnel with dry,
eczematous skin may be further protected by using skin softeners and
protective ointments on exposed areas. Cleansing after exponsure, and
removing wet clothing promptly to avold prolonged skin contact are recom-

mended.
In addition, exposure time should be limited as much as practical,

and careful medical surveillance should he provided for early detection
of symptoms or signs of intoxication, dermatitis or other adverse effects,

Pl
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IV, PHYSICAL AND CHEMICAL PROPERTIES

Before examining the effects of diesel fuel on the organism, data are
presented on 1ts physical and chemircal properties. This section will in-
clude Federal Specifications, grades of fuel, hydrocarhon composition, .
distlillation, additives, and the generation of white smoke. Similar hydro- L
carbon mixtures will be discussed in order to acquaint the reader with
the full scope of compounds presented in the toxicity and pharmacodynamics

sections,
A. Specifications for Diesel Fuel

Under consideration in this report are fuels designed for vehicles L
with high-speed diesel engines (tanks, trucks, ete,). For this use three :
grades have been designated in Federal Specification VV-F-800B(1l), and their
property requirements are presented in Table 2., Grade DF-A is for
arctic use, DF-1 for general winter use and DF~2 for warmer climatic con-
ditions. The three grades differ in viscosity and boiling range; further,
the grades designed for cold weather use probahlv have a higher proportion
of volatile components to make engine starting easier (2).

This Specification was designed to ensure proper performance char-
acteristics of the fuel, but does not stipulate the chemical composition
nacessary to pass the required tests; c¢lesel fuels of widely varying com-
position pass the Specifications. Fuels intended for use in marine,
railroad, or slow and medium speed stationary engines have other Specifi-
catlons, which are available, but are not considered here.

B, Origin of Diesel Fuel

Diesel fuel 1s a very complex mixture of hydrocarbons containing
amall quantitles of additives. Some diesel fuel 1s obtained directly from
cre fractional distillation of crude petroleum oil; the fuels under in~
vestigation correspond to that fraction boiling approximately in the range
of 160-371°C., TFuels produced in this manner are terwed "straight
run'" distillates by the petroleum industry. The "straight run' distillate
usually contains a high proportion of normal alkanes relative to branched
chain alkanes and aromatic compounds; it is this high n-alkane content which

makes 1t valuable as a diesgel fuel,

An accepted measure of the quality of a diesel fuel is the "cetane number",
The cetane number (cetane is a synonym for hexadecane) corresponds to the
octane number for gasoline engines. However, in gasoline engines the fuel
is ignited by a spark, whereas in diesel engines the fuel is ignited by the
heat of compression of the piston. Because of the different method of fuel
ignition, fuels with a high normal alkane content yield a valuable diegel

fuel with a high cetane number, whereas fuels with a hiph content of aro-

matic hydrocarbons and branched chain parzffing vield a high octane number,

but give low cetanec number diesel fuels.




Table 2. Property Requirements of Diesel Fuels for High Speed Engines in Federal

- Specification VV-F-800B.

Values
Grade DF-2:
Properties Grade DF=A  Grade DF-1 conus?) oconus?!)
Gravity, °API Report Report Report 32.9 to 41,0
"Flash point, °F(°C) min, 100(37.8) 100(37.8) 125(¢51.7) 133(56) .
Cloud point, °F(°C) max.>2) -60(~51) 4 ) %)
Pour polnt, °F(°C) max., ) Report Report Report 6y
Kinematic viscosity @
100°F, (37.8°C), cSt 1.2 to 2.5 1.4 to 3.0 2.0 to 4.3 1.8 to 9.5
Distillation, °F(°C):
50% evaporated Report Report Report Report
907 evaporated, max. 550(288) 550(288) 640(338) 675(337)
Ernd point, max. 572(300) 626(330) 700(371) 700(371) N
Carbon residue on 107z e
bottoms, % wt., max, /) 0,10 0.15 0.35 0,20 i
: Sulfur, % wt., max, 0.25 0.50 0.50 0.70
Copper strip corrosion,
3 hrs., @ 122°(50°C) i3
max, rating 3 3 3 1 %
Ash, 7 wt., max. 0.01 0.01 0.01 0.02 T
_ Water & Sediment, % max. 0,01 0.01 0.01 0.01 {9
3 Accelerated stability, 3
total insolubles 1
! mg/100 ml. max. °) 1.5 1.5 1.5 1.5 =
j Neutralization number, f%
TAN, max. 0.05 -- -- 0.10 3
Particulate contamination, =
mg/liter, max. 8 8 8 8 4
Cetane number, min, 40 45 45 45
1y - CONUS stands for continental J,8,; OCONUS for outside continental U,S.
2) - cloud point-temperature at which solid substances begin to separate from

the fuel under conditions of ASTM Method D97.
3 - pour point - lowest temperature at which fuel will pour or flow under
conditions of ASTM Metiiod D97.
“) = to tz specified by purchaser.
, 9) ~ DF-2 destined for Europe and S. Korea shall have a maximum limit of 9°F
? (-13°C). Tor other OCONUS areas, the maximum limit must be specified by
i the procuring activity, :
| 6) ~ DF-2 destined for Furope and S. Korea shall have a maximum limit of 0°F
| (-18°C), For other OCONUS areas, the maximum limit must be specified by
3 the procuring activity,
| 7y = The maximum limits do not apply for samples cont {ining cctane im-
i provers. Iln those instances, the test must be perforued vu the Lase
i
|
|
!
1
i
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fuel blend,

8y = This requirement is applicable only for military bulk deliveries intended
for tactical, OCOMUS, or long term storage (greater than six months) appli-
cations (i.e,, Army depots, etc.).

i el L




The demand for high octane gasoline has created the need for raw ma-
terial with a greater proportion of arcmatic hydrocarbons and branched
chain paraffins than is ordinarily present ir crude oil, To provide this
materfal, portions of crude oil distillate and nonvolatile residue are
processed further in a catalvtic cracker (see below). This "cracked” pro-
duct is then fractionally distilled to produce gasoline, other petroleum
fractions, more residue, and a component boiling in the diesel fuel range
which is available for blending with "straight run" distillate. Since the
high content of branched paraffins and aromatic hydrocarbons (which are
desirable for high octane gesoline) yields a diesel fuel of lower quality
(low cetane number), high quality diesel fuels are usually made by blending
"straight run' distillate with "cracked" products, in proportions of 0-100%
of each. A cetane improver, as discussed below, is then added (2).

In the refinery the crude oil is heated continuously and transferred
to a fractionation column, Distillate 1s collected in various fractions
on the column; the more volatile a fraction is, the higher in the column
it will condense. Proceeding up the column, heavy gas oll (for furnaces)
is encountered first, then light gas oil (No. 2 fuel o0il and diesel fuel)
and kerosene, gasoline, naphtha, and finally, gases are at the top. A non-
volatile residue remains at the bottom, The lipht gas o1l is alsc called
middle distillate and generally covers the boiling range 16N-343°C. Kerc~
sene 1s in this range, but is likely to contain more lower boiling material.
The light gas oil may go directly to a hydrogenation unit where sulfur and
nitrogen are removed; olefins and partilaliy seiurated aromatics containing
twoe or three fused rings are converted to saturates and partially hydrogenated
compounds. After blending of any required additives, the material is stored.
Alternatively, the light gas oil may be combined with the heavy gas oil and
residue and transferred to a catalvtic cracker. Here, in contact with the
catalyst, assisted by heat and pressure, larger molecules are broken down
into smaller ones, and rearrangements occur yielding after fractionation:
high octane gasoline, cracked light gas oil, cracked heavy gas oll, and
residue. As with ordinarily derived light gas oil (called straight run
distiilate) the cracked version goes to the hydrogenatjon unit (3). Cracked
and straight run distillate may then be blended.

Since the residue from the ordinary distillation contains many poly-
cyclic aromatic molecules which break apart in the cracker and are later
hydrogenated, the cracked distillate contains more cycloparaffins (naph-
thenes) than does straight run distillate. The raphthenes generally con-
tain one or two 5- or 6-membered rings with side chains,

Several other petroleum products which are also contained in the
same "middle distillate' or "light gas oil" fraction as diesel fuels, and
are therefore likely to have a similar hydrocarbon composition, are pre-
sented below:

kerosene - also known as range oil, coal oil, Grade 1
distillate heating oil, Grade 2 heatinp oil
- a broad term for stralight run material boiling
at 16N=288°C
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fuel o1l No. 1 - characterized by a 10% boiling point of
214°C and a 907% value of 288°C

fuel oil No. 2 - the 90% boiling point must £all at 282-350°C
- both fuerl oils are for home heatinp

C. Composition

Diesel fuel mainly consists of three hydrocarbon types: aliphatic,
olefinic and aromatic. The hydrocarbon composition varies considerably in
different samples, for many reasons. Small quanticties of additives are
also present, the nature and function of which will be discussed in this

section.

1. Hydrocarbons

Because diesel fuel 13 obtained from crude oils of widely varying
hydrocarbon composition, and also because different fuels contain dif-
ferent proportions of 'cracked" material, the hydrocarhon composition will
vary from supplier t) supplier and even batch to batch. TFurther, the
variation of viscos.ty and boiling ranges of the three grades siven in
Table 2 implies that the distribution of molecular weights and/or hydro-
carhon types differs among them., For these three reasons it 1s possible

tc indicate only the normal ranges of hvdrocarbon types in describing =
; the composition of diesel fuel, =
The carbon atom number range for diesel fuels is not ripidly de~ =
fined, and may readily encompass Cq-Cyy (4). Repardless of refinery
process there is a saturated component (normal paraffins, branched par-
affins and cycloparaffing) and an aromatic fraction (5); olefins are

currently considered of negligible occurrence (6), The aromatics gener-
ally include: substituted benzenes - one rine; indenes and naphthalenes -
two fused rings; biphenyls - two non-fused rings; acenaphthylenes, anthra-
cenes, fluorenes, phenanthrenes - three rings; and polycyclic aromatic
hydrocarbons, Partiallvy unsaturated aromatics occur: indanes, dihydro-
naphthalenes, tetrahydronaphthalenes (tetralins), and acenaphthenes,

The cyclic compounds, almost as a rule, have one or more n-paraffinic

slde chains each ranging from C; to about Cjy. This is one reason why
ever a narrow bolling range sample may contain representatives of all

of these hydrocarbon types (7, 8).

it * s Tl ab il JUW!‘.MHMMWM:
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Diesel fuel compositions as available in the 1959-~1976 literature
are summarized in Tables 3 and 4, Analyses of 30 straight run samples
failed to detect any olefins by a method which could detect as little as
1% (9). An effort to determine 3,4~benzpyrene located 2.6 ug/100 ml,
compared with 1-2 ug/100 g of dried leaves (10). !

In the compcsitional analysis of diesel fuel, certain problems arise.
The aliphatic side chains on the aromatics tend to cause tailing in column
chromatographic schemes for separating saturates from aromatics; these side
chains also tend to confound spectrometric methods for indicating saturated
ve aromatic nature as the instruments do not readily differentiate between
free paraffins and side chains. Methods used by the publishers of the data
in Tables 3 and 4 include:

11




-spuaTq 9ae sardues C

-soy3PwOlE UT Juasaid 3Xam SITIAD0193Y SNOUIZOIITU 7G°7
*SOJ3BWOIE UT paIpRTduT

f(1e

‘(1) @ouaiajax woiy Tenjy ul “T}O Tan3 gz °oN 21e ([) pue (8) s9oduaisjoa

azam sauayzydeu ¢(®) 95uUl1s3Jal woiy Tang Ul (18 37 sureay-¢)=L ¢(3aphug-f)=

jo sardwes puodas dYJ
¢ (uaaN~Ty) =4 *(°PIBIDI-(Z.=

yioq ‘sTany v@xumuu aiae 1 pue ‘3‘p sapdwes ‘y a7qel Ul

19 p1ea9dz1Td~6T)=3 <("T® 33 I9TIYI-QT)=2 (°T® 39 p1813323T4-21) =P ¢ (UBTISH-TT) =0 :(°PPNY PpuUE LisTooys-9)=q ¢ (LaTseal

-/T)=2 :2ous12331 PIIEITPUT 3yl WOIF 3WOI UWUNTOD auo up paisI[ sanieA TTV

¢°0 € €60 2T To424T0d
01 8T 8T-01 DTT240113
154 €1 GT-€1 DTT42TP
074 o1 0Z-0T SaUSZUIQTANT®
86 %S 85 0s Sy 86-G% 2TIBWOIY
S 9°9 G*'L . c*l-S OTUIISTO
9 ﬁ oF1o40LT0d
STTILTP
1 STToLd0ucu
1z saupjTe OTT4AD
<t soueyIe paydue1qg
6el 6T . sauelTe TJewaou
AhVNm nmvmm nﬂvo.qm Auvom Avumm Gs-G " Ht ﬁ oTUTIiRaEd
2d43 UuOqaEed01pAH

(z ur) senyea paiioday (7 uyr) °duey

s{ong T3S?Tq ,PHPBAD ut sad{] uoqied0apAH 103 saguey uotrarsodwo) % ITIVL
- A ot To4AoL10d
0T 6-0 S°¢ S 01-0 DTT240113
¢t 7201 o1 6 Zt—6 a11oko1p
U I1-9 L s¢ YA sauazuaqliNTe
LC ce-0¢t SE-0¢ £Z 9t 1% 92 19-0¢ ov-07 19-0¢2 OTIEBWOAY
%0 STUT3IDTO
-1 4 Nﬁﬁ -1 2172404710d
Z1-5 6 2€-9 OITVAOTP
GC-81 V24 1¢ Se~17 srT24v0uol
[4 % Y4 €€ Zy-6T  S€ £€ YA/ S/ sauedTe OTTI42
. %1 ssuey1e payduriq
Ey-LE{ wo={ 26-T9{ 6L{ 71 vz hvz-21 souTyT? TEUIOU
a:vc.wm AwVONIwo AmVONImo Auvnm Aqun Auvmm A0vqn Anvomlmm nwvowloa 08-6¢ dTuUTIIRARG

*Teon3y unx 3y3FeIIS Y3ITA PIPUDI] £1918503=y

—— e ——

(7 ut) soniea paiioday (Z uy) 23ury

sTang T2sS3TQ uny aydteaas ur sadAl u0qaed01pAy 10J sa8uey uoriIsodwo)

3d43 UOQi1BY0IPAH
©o 474Vl

12




do not readily differentiate between free paraffins and side chaine.
Methods used by the publishers of the data in Tatles 3 and 4 include:

1) natural abundance C-13 nuclear mapgnetic resonance spectrometry-
overestimates saturates (6)

2) silica gel column chromatography with a differential refvacto-
meter and an ultraviolet spectrometer to monitor the cuts -
gel particle size and elution solvent important to avoid
tailing (9, 11)

3) high resolution, low voltage mass spectrometry (as opposed
to high voltage methods) - presence of s:lfur compounds ob-
scuresg detection of carcinogenic types of aromatics (11)

4) wultraviolet spectrometry - useful for determining presence of
particular types of aromatics as they tend to have "sipnature"
type absorption frequencies (12)

5) molecular sieve column chromatography - for separating n- from
iso- and cycloparaffins (12)

6) 1infrared spectrometry - useful in identification of individual
isomers of aromatics (13)

7) gas liquid chromatography =~ useful for separation but not type
characterization (14).

2. Additives

Small quantities of additives may be formulated into diesel fuels to
bring them up to specifications. The Federal Specification for Diesel Fuel
accepts cetane improvers, corrosion inhibitors, and antioxidants. Cetane
improvers, which help to control burning velocity (increase cetane number)
in the engine, are effective in very small amounts. In grade DF-A up tc
0.25% by weight 1s allowed, and in grades DF~1l and DF-2 as much as 0.5% may
be added. The actual agents may be isomeric mixtures of primary hexyl or
amyl nitrates.

The corrosion inhibitors function to protect storage contalners;
they are generally surfactants which coat the container surface. A review

of patent literature (15) provides the best indication of the potential
chemical nature of these agents, The MIL Spec. for corroslon inhibito.s
(16) does not require specific chemicals. Six classes seemed especlally
significant:

1. Bis(l,3-alkylamino)-2-propancl and reaction products with
phosphoric anhydride

2. Reaction products of a mixture of sulfur, alkvlene polyamine,
and nitro-nitrito alkane

3. Fatty acid amides~-possibly mixtures of R(CO,H); with various
RNH,(NHR'), &nd fatty amines

e e e b i



4, 2-Hydroxy-5-~cetylbenzene-1,3-dicarboxylic acid

5. Alkyl sulfoxides, R-S(0)=R'; one of the R groups must have an
acid, ester, or alcohol function

R~substituted dimercaptothiadiazoles, where R is aliphatic or
aromatic.

o
.

Class 6 serves to prevent corrosion of copper fittings from su,fur compounds,
The Qualified Products List (QPL) of various manufacturers' prcdv..s under
MIL-I1-25017C (16) specifies maximum amounts of 0.002-0.006% by weight. Per-
missible antloxidants as listed in Federal Spec. VV-F~800B (1) are:

N,N'--diisopropyl-para~phenylenediamine
N,N'~disecondary butyl-para-phenylenediamine
2,6~ditertiary butyl-4~methylphencl
2,4-dimethyl~b6-tertiary butylphenol
2,6~ditertiary butylphenol .
75 percent min. 2,6-ditertiary butylphenol and 25 percent max. =3

tertiary and tritertiary butylphenols -4
3 60 percent min. 2,4-ditertiary butylphenol and 40 percent max.
3 mixed tertiary butylphenols.

They serve to deter the formation of gums, which gometimes occur when fuels
are blended. Maximum concentration is 0.003% of active ingredient.

D. Generation of Smoke

Historically ''smoke" screening of this type for troops, equipment,
and facilities has been created using a stationary generator and a higher
boiling 0il than diesel fuel. Fxperience indicated that only the operator
of the generator might be exposed to unhealthful amounts of hydrocarbons,
and that a standard face mask would provide adequate protection, Now that
diesel fuel is under consideratlion as a substitute oil under conditions
whereby the smoke might be generated by a vehicular diesel engine exhaust
system, a reexamination of che physical and chemical nature of the smoke
is required,

4
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! A private communication from Teledyne Corporation indicated that the
diesel fuel was being fed at about 4 1l/min into tle exhaust manifold of
the engine, at a point where the temperature was 540-620°C. An older
: publication had given diesel exhaust temperatures of 260-427°C (21).

: In theory the fuel is instantly vaporized by the exhaust gases. Emerging
E% into the open air the vaporized fuel rapidly condenses into particles

—f 0.5-1,0 ¢ in diameter which, although individually transparent, apnear
gf opaque en masse., The particles are dispersed by the wind to provide wide
E% area screening (22).

}§ Direct information on concentration in air of these particles is

: lacking. A private communication from FMC Corporation indicated a pos-
sible vapor concentration in the exhaust pipe of about 46 mg/l, Visibil-
ity in the smoke is reduced to a meter or less according to the Naval ?
Systems Sea Command and the U.S. Armv-private communications.




——

Analysis of condensed vapor from a mineral oll smoke showed that very
little cracking occurred; the nid-boiling point of this oil, 416°C, in-
dicates 1t {s likely to be mora heat-stable than a typical diesel fuel.
Pyrolysis was postulated to be possible when the fuel contacted the mani-
fold wall prior to vaporization; presence of alr in the system described
in this patent (23) did not lead to significant combustion. A test
hydrocarbon, n-hexadecane, heated for six hours at 371 or 399°C in a closed
system containing various metal surfaces showed about 4% decomposition at
the lower temperature, somewhat more at the higher one. New compounds
formed ranged irom C)~Cig and higher, plus hydrogen. In an addendum it
was disclosed that naphthenes pyrolyze faster than n-hexadecane at 371°C,
the wealteat bond proving to be the ring-side chain juncture (24). Thus
i1t cseems likely that pyrolysis can occur, but the brief residence time in
the highest temperature zone minimizes it. Highly reactive compounds in-
cluding aldehydes, olefins and others produced in the combustion of fuel
in the engine will mix and may possibly react with the added diesel fuel.

E. Other Hydrocarbons as Models for Diesel Fuel

In the human and animal toxicology and pharmacokinetics sections which
follow, studies are presented in which substances other than diesel fuel
were tested. The similarities of these hydrocarbons to diesel fuel or
its fractions justified their inclusion, in view of the insufficient liter-
ature on diesel fuel,

Deodorized kerosene is a mixture of straight chain, branched and cyelic
aliphatic hydrocarbons, with a very low aromatic content, Kerosene has a
higher aromatic content, Both substances have boilin, ranpes similar to,
although lower than diesel fuel, and a somewhat similar composition.

Alkylnaphthalenes and alkvlbenzenes are found in the aromatic fraction
of diesel fuel. The Cs~C); alkyl aromatics boil at low temperatures within
the diesel fuel distillation range; therefore, the vapors of diescl fuel
would contain relatively greater quantities of Cg9-C), eromatic hydrocarbons
than the liquid or aerosolized forms.

Octadecane and hexadecane, C)g and Cyg straight chain saturated hydro-
carbons, respectively, are found in the paraffinic fraction of diesel fuel.

Othe: mixtures, such as heating oil and Mentor 28, are fairly similar
in composition, boiling range and viscosity to diesel fuel.
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V. HUMAN TOXICITY

Diesel fuel has not been well gtudied, Many of the reports pre-
sented in this discussion can only be considered indicative of possible
effects of the agent, until further investigatinn is undertaken. Because
of this paucity of data, information on several of its components and on
petroleum products, such as kerosene, of somewhat similar composition has
also been included in this discussion (see section IV, ,E).

A. Conditions and Extent of Exposure

Diesel fuel mists and aerosols, in particles ranging from 0.5 to
1.0 micron in diameter can be inhaled directly into the lung. Operators
of smoke-generating equipment and personnel maneuvering under the fog
cover are at risk. In most cases, the exposure is limited to microdrop-
lets of the liquid; however, when the aerosolization eccurs at sufficient
temperatures for pyrolysis, the resulting transformed hydrocarbon products
may be mixed with the fog. Since the fog is to be produced in the ex-~ =

haust manifold of a running diesel engine exposure to exhaust fumes will
occur concomitantly,

Exposure to diesel fuel occurs in individuals hardling or trans-
perting it, as well as in work areas where diesel engines are maintained
or repaired, such as in the railroad industry., In addition to direct
skin contact with the liquid, contanination of clothing worn next to the
skin, breathing of vapors and splashing into the eye must be considered.

Incidentally, children and persons with suicidal intent have been "
known to drink diesel fuel. Although it is a chemical irritant to the - E
gastrointestinal tract, the greater danger is aspiration directly into
the lungs, which can be fatal.

B. Exposure to Aerosols and Vapors

Tnhalation is the major type of exposure to be encountered in screening
smoke operations. The effects of diesel fuel and similar hydrocarbon mix-
tures are iucluded.

1. Diesel fuel

Dicsel 01l aerosol of unspecified content was used as a control at-
mogsphere in the study of the effect of atmospheric pollutants (25). Normal
subjects exposed to dispersions of 0,33 mg/l and 0.17 mg/l reported prac-
tically no eye, nose or throat irritation after 10 minutes of exposure.
Pulmonary effects were not considered.

There is no other literature on diesel fuel aerosol inhaliation in
humans.

Diesel fuel apnalysis reveals that it is composed of paraffins,
cycloparaffins (naphthenes) and aromatic hydrocarbons in varying concen-

trations, depending upon the crude oil source, whether it is a straight
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run distillate or cracked, a2ud other factors. (See section 1V).

An examination of the effects of individual hydrocarbon classes on an organism
will permit some conclusions about toxicity, although the possibility of ad-
ditive or antagonistic behavior of the various aromatic and aliphatic hydvro-
carbons must ultimately be evaluated.

2. Kerosene

The paraffin component of diesel fuel is represented in kerosene,
a hydrocarbon mixture which contains around 80% of Cg-Cjg saturated hydro-
carbons. According to Gerarde (20), "toxicologlcally and pharmacologically
the diesel fuels are similar to kerosene'.

Subjects inhaling deodorizoed kerosene (treated to remove most aroma=-
tics) mean vapor-alr concentrations of 0.14 mg/l (20 ppm) for 15 minutes
reported no eye, nose or throat discomfort or irritation during or fol-
lowing the exposure (26), This concentration was the highest obtainable,
representing saturation at 25°C, Other subjects inhaled a series of
vapor=air concentrations of deodorized kerosene over a period of 2 days,
with l0-gecond exposures to each sample. The odor threshold was determined
to be approximately 0,0006 mg/1 (0.09 ppm) for 83% of the subjects,

With this practically aromatic-free hydrocarben mixture (3.97% aromatics),
there was essentially no irritation or toxicity due to inhalation of vapors.

The effects of the cycloparaffinic components in diesel fuel aero-
suls have not beern extensively investipated (27). Kerosene contains more
cycloparaffins (over 40%) than diesel fuel (approx‘mately 30%). As in-
dicated in the above study, deodorized kerosene did not irritate the eye,
nose or throat in saturated air-vapor concentrations (26), so it is
reasonable to sugzest that the cycloparaffins in diesel fuel are equally
inoffensive.

3. Aromatic hydrocarbons

The aromatic hydrocarbons present in diesel fuel are wmore toxic
than the saturated components, as indicated by the followina studies.
Alkylnaphthalenes, which may constitute 9-20% of diesel fuel, have been
studied with particular reference to l- and 2-methylnaphthalene (20).
Prolonged exposure to aerosols or mists of these substances has resulted
in irritation to the eyes, mucous membranes, skin and respiratory pessages
of laboratory animals, and the possibility of the same effects in humans
must be considered. According to Gerarde, the lcw vapor pressure of
monomethylated naphthalenes makes it improbable that acute intoxication
might result from inhalation of vapors (20),

The alkylbenzenes (found in diesel fuel) are highly irritating when
concentrated., Tetramethylbenzenes such as durene, in mists and vapors,
can be expected to affect the respiratory membranes (20),

Nau et al. (28) studied the effects of aromatic hydrocarbons boiling
in the low end of the diesel fuel range, charactertized by carbon numbers
Cq-Cy5. Vapor concentrations as low as 137.5 mg/l (25 ppm) of Cgq-Cyy
aromatics produced lacrimation and/or irritation of the eyes, skin and
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mucous membranes of experimental subjects, For the C;:-C,, fraction, the
minimum vapor level producing these cffects was 104,35 mg/)1 (19 ppm). Odor
detection thresholds were 11 mg/l (2 ppm) and 2.5 mg/l (0.5 ppm), re-
spectively, for the Cg~Cyp and the Cy,-C;, fractions.

There 13 insufficient information to state that mists or aerosols
of diesel fuel are not harmful to humans. Of the hydrocarbon components,
it is probable that the aromatic fraction is responsible for whatever
upper respiratory tract irritation occurs, whereas the paraffinic and
cycloparaffinic constituents appear to be innocuous. Because of the pres-
ence of additives, exhaust component=s, and possible pyrolysis products
in any fog, further investigatiorn 1is necessary,

C. Skin Contact

Dermatitis and other s!in conditions have been reported after indus-
trial exposure to diesel fuel and related substances, Skin sensitivity
factors have been evaluated,

1. Diesel fuel dermatitis

Diesel fu:l produces acute dermatiiis in some persons, while others
who are exposed for rnonths or years may erperience no adverse effects,
I1'in et al. (29) reported acute dermatitis in six workers., The skin
reacrion occurred ahout 18 honrs following exposure, even though the
area was washed thoroughly, Feelings of coolness were followed by burn-
ing and pruritis. The dermatitis lasted for a few minutes to several
hours.

Repeated contact with diecel fuel leads to constant skin erythema
in sensitive individuals, Tense, painful, dry and cracked skin is char-
acterisitc and especially marked in skin folds. Eruptions usually contain
a purulent exudate (29)., In 15 workers, prolonped skin contact caused a
slight but gradually progressive dermatitis., Chronic dermatitis lead to
pyoderma in another 18 cases. Three of the 18 suffered acute dermatitis,
characterized by transient hyperemia, edema, vesiculation and sweating
of exposed skin, and continued contact caused abscess formation. The
pyoderma was usually locallzed to the face, forearms and back of the hands.
Abscess development was favored by hypothermia in cold weather, fev. r and
excessive persniration. Inadequate personal hyglene was also a contri-
buting factor (29).

A very high percentage of workers in an asvestcos-cement factory
developed skin lesions, which were attributed to the use of diesel oil
(composition unspecified) as a molding medium. The dermatitis was char-
acterized by folliculitis and furuncles. It would worsen in warm weather,
and poor personal hyglene was also a factor in the severity of the condi-
tion. The frequency of dermatitis decreased markedly when a paraffin-
water emulsion was substituted for diesel oil (32).

Diesel engine vapors and exhaust were implicated in a case of a
32-year-old diesel truck driver who developed an intermittent follicular
dermatitis (as well as a nervous condition). The papular eruption was
distributed symmetrically over the inner skin of the arms and legs, skin
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folds of the axilla and trunk. Histologically, subacute infiltrating in-
flammation, dermal sclerosis, intracellular vacuolization and epidermal
hyperplasia were deacribed. The heavy vapors and exhaust of volatile
hydrocarbons and gas 0il contaminated the cabin when ventilation was in-
sufficient, and the skin condition would worsen for example, in cold
weathar, when the windows of the unheated cabin were closed (34).

2. Diesel fuel injury

Yaxley (35) presented a case of a diesel injection injury. 1In the
diesel engine, fuel is forced from small jets at a high pressure
(6,000 1b/1n%) 1in a stream of finely divided particles suitable for com~
bustion. An injection tester accidently had diesel fuel forced into the
pulp of his index finger. The traumatized finger was numb at first, be-
coming swollen and painful, with lymphangitis of the dorsal hand. Although
the finger was incised for drainage, by the eighth day after the injury,
the wound had extended through the terminal phalynx, which became dry and
gangrenous by the 22nd day, necessitating amputation. The occurrence of
necrosis and gangrene following the subcutaneous tissue trauma and contact
" with diesel fuel is supported by the fact that small amounts of the sub-
stance produced sterile abscesses when injected subcutaneously into
rabbit ears, according to the author.

3. Kerosene burn

Prolonged skin contact with kerosene-contaminat:d clothing was respon-
sible for a case of epidermal necrolysis, which occurred on the second
day of a camping trip in a l2-year-old backpacker who was carrying a
fuel container which leaked onto his clothing. The skin eruption involved
extensive erythema and detachment of epidermal tissue overlying a purulent
exudate (31). This acute chemical burn situation may be equivalent to
the industrial setting in which poor personal hygiene practices, such as
wearing contaminated work clothes, occur.

4, Aromatic hydrocarbons

The aromatic hydrocarbons produce skin changes including vasodila-
tation, redness and irritation. Shorter side chains and increased branch-
ing increase the potency. Prolonged skin exposure to liquid aromatics
leads to defatting, drying, scaling and fissuring in some cases. However,
skin cancer has not been reported after prolonged contact with diesel fuel.
Petroleum products containing material boiling above 370°C, obtained from
severe cracking processes, and containing polycyclic aromatic componepts.
afé carcinogenic {n laboratory animals. In products similar :to diesel
fuel, the high-boiling components are inactive carcinogens, unless the
conditions of synthesis or processing have favored the production of highly
condensed aromatic hydrocarbons, according to Gerarde (20).

Aromatic hydrocarbon fractions containing Cg-C)12 constituents may
produce skin lesions severe enough to cause scarring (28), Pure mono-
methylated naphthalenes, which are found in diesel fuel, produce only
negative or slight skin reactions in persons undergoing 24-hour patch
tests, Gerarde believes that repeated overexposure to monomethylated
naphthalenes may result in local irritation of the eyes, mucous membranes
and skin. ProYtonged skin contact with durene, a tetramethylbenzene,
causes dehydration and defatting of the skin, leading to dermatitis.
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5. Constitutional factors in skin sensitivity

Rao (33) noted that industrial dermatitis occurred in some individuals
after a few months, while in others, resistance continued for years.
He investigated the relationship between blood group (ABO system) and
occurrence of dermatitis, Twenty-five workers affected with industrial
dermatitis were compared with 25 workers who were unaffected after
at least 3 years of exposure. The A blood group was evenly distributed
between the 2 groups of workers. Two out of 3 persons with B blood de-
veloped dermatitis, as did 1 out of 3 with blood group O. There were
too few individuals with AB blood to make a similar comparison. Rao con-
cluded that "blood grouping provides a rough screening test for the pro-
spective employees to be engaged in work connected with diesel oil during
pre~placement medical examination", .

Hydrocarbon mixtures boiling in the 177°-316°C range were used in
24~hour skin patch tests. Kerosene caused skin irritation, of varying
degrees, in some subjects. A naphthene-rich kerosene fraction in the
same boiling range gave more positive skin reactions. The strongest
skin irritation response followed patch testing with a highly aromatic
hydrocarbon mixture also in the same boiling range. The lower boiling
fractions were found to be more irritating to normal skin than the
higher boiling, oily fractions. The low boiling fractions, characteristic
of diesel fuel, produced an eczematous reaction, while higher boiling
distillates produced keratosis, acne, melanosis, photosensitivity and
epitheliomas (30).

D. Ingestion and Aspiration

These exposure routes are secondary in comparison with inhalation.
When swallowed, gastritis is reported. The substance may cause coughing,
by which fuel may reach the trachea and lungs. Respiratory distress and
acute pneumonitis may follow 1if a sufficient quantity is aspirated.

1. Gastritis

It has been pointed out that diesel fuel may be an irritant, and
that the aromatic constituents are probably responsible for this ef-
fect. Uncomplicated ingestion (without aspiration) of diesel fuel will
irritate the mucous membranes of the mouth, throat and upper gastro-
intestinal tract. Lejeune et al. (36) reported a case of a worker who
swallowed a quantity of fuel oil (of unspecified composition) during a
siphoning operation. The result was an acute gastritis, with epigastric
pain and slight hematemesis, which became subacute but persisted for 3
weeks. Early x-rays revealed gastric mucosal lesions and gastric hyper-
motility. The lesions were completely resolved by 1 1/2 months after the
episode, i.e. there were no radiologic sequellae. No systemic involvement
was noted, but it appears that if any of the fuel was absorbed, it was
without clinical effect.

It is probable that this is not the only worker who has swallowed
fuel accidentally, but this is the only reported instance of simple in-
gestion.

2. Aspiration preumonitis

The danger of ingesting diesel fuel is that aspiration and the re~
sulting pneumonitis almost always follow. Accidental ingestion of gasoline,
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kerosene and furniture polish was studied by Olsen (37). When swallowed,
these substances csuse intense irritation of the upper gastrointestinal
tract, and vomiting usually occurs immediately. Cough, dyspnea and a
blood-tinged frothy discharge from the mouth or nose indicate that mater-
ial has entered the lungs.

There are two mechanisms proposed for the development of pneumonitis
(37). The more probsble is direct aspiration. The second mechanisa
is based on the observation that some hydrocarbtons which are absorbed
from the digestive tract into the bloodstresm are excreted through the
pulmonary capillaries and exhaled, resulting in the pulmonary irritation.

Szamosi et al. (38) reported 30 cases of diesel fuel ingestion by
children under 6 years old. Signs and sysptoms included: cough in 13;
dyspnea in 3; pneumonia (x-~ray evidence) in 25; clinical poeumonia
in 10; tachycsrdia in 19; somnolence in 13; cardisc dilatation in 10;
vomiting in 20; fever (38°-39°C) in 15; incressed erythrocyte sedimentation
rate in 13; and breath snd vomitus of characteristic odor in 18 of the 30
cases. Aspiration was chiefly responsible for toxicity and mortality.
Pneumonia and fever were frequent in diesel fuel intoxication, in contrast
vith gasoline, which caused pulmonsry edems and death.

Aspiration of diesel fuel (unspecified composition) in s 4é~year-
old man caused initial coughing and emesis, followed by marked dyspnea,
sinus tachycardia and low-grade fever within a few hours. Progressive in-
filtration of the right lung lesd to cardiorespiratory insufficiency and
death after 17 days. Autopsy revealed extensive bilsteral pulmonary ne-
crosis and gangrens. Small depoeits of Sudsn positive (fatty) msterisl
vere found near the necrotic areas. The severity of the condition mey
have been due to the quantity of fuel ingested and/or to hypersensitivity
from repeated occupational exposurs (39).

Liquid aromatic hydrocarbon mixtures cause chemicsl poeumonitis
vith pulmonary edems, hemorrhage and necrosis after direct contsct with
lung tissue in animals (see section VI.B.). Aspiration of a small quan-
tity causes extensive injury decause the low surface tension of the
substance enables it to spread over a large area. Liquid alkylbenszenes,
alkylnaphthalenes, indanes, indenes and commercial hydrocarbon mixtures
containing these substances wili csuse similar damsge, according to
Gerarde (20). It appears that the sromatic components in diesel fuel are
responsible for the severity of the pulmonary injury after aspiration;
the paraffinic constituents tend to produce granulomas, as these substances
are walled off by the lung (37).

E. Long-term Effects and Epidemiology

There is almost no literature on long-term effects of diesel fuel
in humans other than what has been presented in the skin exposure section.
Chronic industrial dermatitis has not received much attentfon. In 1950,
around 1.5% of compensated cases in New York, Illinois and Mimnesota were
industrial dermatitis. According to Plunkett (40) dermatitis was the
"most disabling industrial disease, accounting for 60Z of time lost from
work".
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e There are no reports of effects on humans from exposure to war or
peacetime fogging operations where diesel fuel may have been used.

Laignel-Lavastine et al. (34) reported the development of neurclogi-

~_cal manifestations in a diesel truck driver. Symptoms included vertigo, o
 staggering, nausea, vomiting, tingling paresthesias, dizziness and head- : S
ache, persisting for several minutes to a few hours. The symptoms would -

‘“appear most frequently when the cabin of the truck was poorly ventilated. i :

and engine exhaust, contalning gas oil, volatile hydrocarbonsg and carbon s
monoxide would accumulate, There would be periods of complete freedom
from symptoms. Neurological examination revealed no abnormalities. There
was a concurrent dermatitis in this case, Evidence is insufficient to
implicate diesel fuel as the neurotoxic agent, since the exnaust vapors
contained other substances as well.




VI. ANIMAL TOXICITY

The sectlon preseats results of aerosol inhalation, skin application,
ingestion and intratracheal administration of diesel fuel and related
hydrocarbons, Each route of exposure or administration is subdivided

-according to specles. Table 6 (pp. 31-33) summarizes the effects of
diesel fuel after various routes of administration. -

A. Exposure to Aerosols and Vapors

Diesel fuel studies are limited in scope and number. However, de~
, odorized kerosene and aromatic fractions have been more thoroughly in- i
vegtigated in laboratory animals. =

1. Rats

The effect of diesel fuel on the surfactant layer of the lung was in- :
vestigated in Wistar rats weighing 175 to 300 g. The animals were placed !
in a 12-1 chamber into which diesel fuel, vaporized on a hot plate at '
400°C and then water cooled, was introduced in aerosol concentrations up
to 10 mg/l. Droplet size averaged less than 2 microns in diameter. The
duration of exposure and temperature of the chamber were varied in an un-
gspecified manner. Inhalation did not damage the pulmonary surfactant
layer, as demonstrated by pressure-volume lung deflation curves (hysteresis) i
at low transpulmonary pressures, The diesel fuel contained 72.67% satur- ;
ates, 0.4% olefins and 27.0% aromatics, with a boiling range of 193°-335°C
(41) . When kerosene was subgtituted for diesel fuel, under the same con-
ditions, the pulmonary effects were equally negative.

Deodorized kerosene (bolling range 208°-272°C; 55% paraffinic, 417
naphthenic, 3.9% aromatic) vapor inhalation was investipated by Carpenter
et al, (26). Six male albino rats weighing 90-120 g, were placed in an
atmospheric chamber saturated with kerosene vapors for 8 hours. They
were then observed for 14 days and sacrificed. The rats remained normal
in appearance and weight gain and there were no remarkable autopsy find-
ings. Tests were performed on 6 male albino rats inhaling deodorized
kerosene aerosols with droplet size averaging under 1 micron in diameter.
The rats inhaled kerosene aerosol for 6 hours per day for 4 consecutive days.
On day 1, the concentration was 9.6 mg/l; day 2 - 6.9 mg/l; day 3 - 7.0 mg/l;
and day 4 - 7.4 mg/l. On the first day of exposure, lnss of coordination and
sluggishness occurred, and following the second exposure day, there was redness
of the extremities. After the 4th day of exposure and an additional day of
rest, the skin of the extremities was dry and flaking, and remnalned in this
condition for 4 days following exposure. One of the 6 had slight hair loss.
Body weight remained normal during and up to 14 days following the exposure.

Carpenter et al. also investigated the subacute inhalation toxicity of de-
vdorized kercsene, monitoring body weisht change and blood and urine analyses
in male rats (26). A group of 25 rats was exposed to an aerosol concentralicn
of 0.10 mg/l for 6 hr/day, 5 days/wk, for 13 weeks. There were also 25 unexposed
rats. One rat died of pneumonia after 30 days. No weight ioss had been noted.
Mean urise pH was significantly higher (P < 0.05) and specific gravity lower than
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controls after 8 weeks of exposure but both hau returned to normal values by 13
weeks, One rat which was killed after 8 weseks of exposure had a significantly
elevated serum allialine phosphatase activity, related to the pleural adhesions
and abscess bronchopneumonia noted on autopsy. The other rats developed no ab-
normalities considered to be related to exposure. There were no other statis-
tically significant deviations from the control group in any of the monitored
criteria. Of 25 rats exposed to 0.05 mg/l of deodorized kerosene aerosol in the
same schedule as above, one rat lost 40 g of weight in 7 days and died after 16

“days of exposure, due to bronchopneumonia. In the otner rats, the mean erythrocyte

count was slightly depressed at 8 weeks, although still within normal limits, re-
turning to control levels by 13 weeks. Hiutopathological reports of lesions did
not differ either in type or frequency for exposed compared to control rats.
Sporadic findings of slight tubular regeneration of the kidneys were not consid-
ered to be treatment-related. Carpenter et al. concluded that these subacute
exposures did not produce progressive dosage-related effects which could be con-
sidered adverse effects caused by the treatment.

In contrast to studies with diesel fuel and deodorized kerosene (which
contained <3.9% aromatics), where minimal effects were produced from
aeroscl or vapor inhalation, animals inhaling aromatic hydrocarbon dis-
tillates in the lower end of the diesel fuel boiling range suffered severe
damage, Nau et al. (28) studied the Cg-C;, fractions, containing alkyl-
benzenes, naphthalenes, indanes, cycloparaffins and paraffins (see Table 5)
in rats, using the following criteria to detect changes from normal:
appearance, behavior, weight gain, organ weights, hematological findings,
bone marrow changes and gross and histopathologic changes. Laboratory
rats exposed to 5.2 mg/l Cg-Cyp vapors for 18 hours every day developed
lung and liver congestion, enlarged spleens and hemorrhagic kidneys at
the end of one day of exposure. By the 8th dav, the total white blood
cell count was significantly lowered, with increased neutrophil and de-
creased lymphocyte counts. Expected weight gains did not occur, and
there was Increased transparency and fragility of the femurs. When rats
were expoged’to 3.2 mg/l Cg-C;, vapors, under the same conditions for as
long as 2,424 hours there was significantly lower weight gain and a sig-
nificant (p<0.5) fall in the total white blood cell count. Congestion
and hemorrhages were present in the lungs, liver, kidneys, spleen and
omentum after a few days of exposure. After 54 hours of exposure, there
vere focal inflammatory changes in the lungs and fatty livers. After 400
hours, there were hemorrhages around the nose and mouth. Bilateral cat~
aracts developed in 70% of rats which were set aside for 2 months with no
additional exposure, where none of the controls developed cataracts., Eye
changes included focal accumulations of enlarged epithelial cells with
vacuolated cytoplasm, areas of fibroblastic proliferation but no inflam-
matory cells. There were no significant changes in organ weight. Numbers
of myelocytic precursors in the bone marrow were increased.

Rats exposed to 3.2 mg/l of vapors of C,~C,. alkvl aromatics for
23.5 hr/day for 7 davs developed hemorrhages ui rhe kidneys, omentiur and sub-
cutaneous tissue. Rats exposed continuously to 3. mg/l for 24, 36, 54
or 72 hours showed transitory blood changes only, whereas no changes oc-
curred in rats exposed to 3.2 mg/l for 18 hours per iy, every other day
(total of 3 exposures) and then set aside for ohservation for 9 months.
Lower concentrations (1.0 mg/l, and 0.26 mg/l) produced no changes in
rats after more than 700 hours of exposure for 8 hours a day, 5 davs a
week.,
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15 days. Autopsy findings included small spleen, hemorrhagic lungs and

|

Table 5., Alkyvl Aromatic Composition of Fractions used
Experimentally by Hau et al. (28)

Cg=Cyo Fraction Cy1~Cy2 Fraction
Components BP:155-200°C BP:200-249°C

Paraffins 20 mol % 6 mol %
Cycloparaffins 6 mol % 0 mol 7%
Alkylbenzenes 74 mol % 44 mol 7%
Indans : 0 mol % 27 mol 7
Naphthalenes 0 mol % 23 mol %*
Tricyclics 0 mol % 0 mol %
Alkylbenzenes

Cq 42 mol 7% 7 mol %

Cio 29 mol 7% 10 mol %

Cin 3 mol % 24 mol %

Ciz 0 mol % . 5 mol %

Ci3 0 mol % 1 mol %

*13.5 mol 7 naphthalene; 9.5 mol % 2-methyl naphthalene

i
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I
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Rats inhaling 3.2 mg/l of Cy,-C:, alkyl aromatic vapors, for 18 hours :
every day did poorly; 50% of 37 animals died after omne 18-hour period. :
There was severe weight loss, engorgement of all organs with blood, small
spleen, and liquid and gaseous material filling the intestines. Exposures
for 8 hours every day caused rapid deterioration and weight loss after

Ty

liver and bloody and gaseous intestinal contents. Exposures for 5 hours

a day caused hair coarsening, emaciation and vesicles around the eyes, nose i
and feet, marked decrease in the total white blood cell count, with increased o
neutrnphil and decreased lymphocyte counts, possible CNS depression and low

rates of weight gain.' Femoral softening and 'watery" bone marrow were ob-

served when these rats were exposed for up to 1,583 hours, There were no

cataracts. Good recovery occurred over 4 months following the end of the

experiment,

Rats exposed to 1.28 mg/l of C )~C;pvapors for 8 hours a day, 5 davs a
week (90 exposures) showed a fall %n w% te blood cell count and a slower
weight gain than expected. One of the 17 rats developed a cataract. Bone
marrow revealed an increase in erythrocyte precursors and a delayed decrease
in the proportion of myelocyte precursurs. Rats exposed to 0.32 ng/1 (same
gchedule) showed slight slowing of expected weight gain. and the same bone
marrow changes as rats exposed to 1.28 mg/l.




Acute LCygp values for the alkyl aromatics (28) in 150 g rats were
14,4 mg/l of Cg—Cip for 7 hours, and 4.6 mg/l for C;;-Cy» for 7 hours,
In the latter case, 4 out of 10 rats died witihiin 96 hours following ex-
posure, whereas with the lower-~boiling fraction, 4 out of 10 dled after

7 hours of exposure,

In rats receiving 27 daily one-hour exposures to methylated naphtha-
lene solvent mist (an aromatic hydrocarbon), at a concentration of 2.83
mg/l, median droplet size of 3.15 microns, there were no deaths, no
welight lossaa, and no abnormal hematological findings (20).

2. Rabbits

In groups of rabbits intermittently exposed to diesel fumes, Samal
et al. (42) found alterations in immunoleogic response. Animals were
exposed for 2 hours cach day for 80 days to smoke from a mixture of
diesel and motor oil (100:6). Subcutaneous injections of typhoid-para-
typhold vaccine were given on day 0 (0.5 ml) and on day 50 (1.0 ml), and
antibody titers were estimated by the Widal test (flocculation and pre-
cipitation), before exposure, and then every 10 davs throughout the exper-—
iment. The exposed rabbits generated less antibody to the vaccine than
controls. 1In the controls, immune titers showed an initial rise, levelled
off at day 40 and feli after day 70, while in the experimental animals there
was a steady dfncrcase in immune titer for 70 davs, indicating abseunce of the
secondary response. Other possible effects of I[nhalation of the fumes were

not discussed.,

Rabbits {nhaling methylated naphthalene solvent mist (an aromatic
hydrocarbon) at a concentration of 2.83 mg/l, median droplet size of
3.15 micronsg, for one hour each dav for 27 days developed redness of the
ears after the 4th hour exposure, There were no hematological abnormali-
ties and no deaths. Moderate liver fat deposition and slight epithelial
hyperkeratosis of the ears were the only pathclogical findings (20).

3. Mice

Mouse respiratcry rates were not affected by high kerosene vopor con-
centrations (26). Six mice exposed to 6.9 mg/l of deodorirzed kerosene
aerosol developed a slightly depressed breathing rate. There was no respiratory
tract {rvitation from exposure to saturated vapors at room temperature or from

6.9 mg/1 aerosol (duration not given).

Mice exposed to 2,83 mg/l of methylated naphthalene solvent mist for
one hour daily for 27 days developed dyspnea, restlessness, prostration,
irritation of eyes and redness of ears after the second hour of exposure,
and slight weight loss occurred. Hematolopical studies were normal. Eipht
out of 20 died; the majority of these deaths occurred during the f{irst
three daya of the experiment. Autopsy findings included bronchopneumontia,
parabronchial alveolar sepral thickening, edema and emphyvasema (20},
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Nau et al., (28) determined acute inhalation LC 0 values for C.~C ‘
alkyl aromatic hydrocarbons in 27-gram CTW mice. Tae vapor concen?ra%%ons L e
were 9,7 and 3.4 mg/l for 3 3/4 hours for Cy-Cy5 and Cy,~C,2, respectively.

; 4. Rhesus monkeys

Nau et al, (28) studied the effect of vapors of Cg-C)p alkyl aromatic

: hydrocarbons on Rhesus monkeys. Three monkeys, weighing 1.8 kg, inhaled
1.0 mg/1 for 7 hours a day, 5 days a week for 90 exposures, They ap- TonT
peared groggy or sedated during exposures, Tremor developed during the

tirst week, and then diminished throughout the experiment. Total white blood
~cell counts decreased, with increased neutrophil, and decreased lymphocyte

counts. There was hair loss and dry leathery skin, but no gross or microscopic

changes other than a slight decrease in erythrocytic and myelocytic precursors

in the bone marrow. Monkeys inhaling 0.26 mg/l under the same exposure schedule

for 90 exposures showed no changes except an elevated hematocrit and peripheral

white blood cell changes similar to those in the above-mentioned monkeys.

-

W o -

Four Rhesus monkeys exposed to 1.28 mg/l of vapors of C,,~C alkyl aroma-
tics for 7 hours a day, 5 days a week (90 exposures) developed eye and facial
irritation, diarrhea after 2 days, neutrophilia and lymphocytopenia of peripheral
blood, and increased erythrocytic and decreased myelocytic precursors in the bone
marrow. At vapor concentrations of 0.3 mg/l (same exposurc schedule) monkeys de-
veloped diarrhea by the third day and the same changes as the monkeys exposed to
1.28 mg/1,

5. Dogs

The subacute inhalation toxicity of deodorized kerosene was investi-
gated in male beagles (26). Body weight, blood and urine parameters were
monitored. No adverse effects were noted with the 13-week inhalation of
0.10 mg/l for 6 hours a day, 5 days a week. There was a slight elevation
of polymorphonuclear leukocytes. Beaples exposed to 0.02 mpg/l1 of de-
odorized kerosene aerosol showed a borderline but significant (p<0.5)
mean welght increase after 13 weeks, There were no treatment-related
histopathological findings.

Dogs exposed to 2.83 mg/l mecthylated naphthalene mist for one hour a
day developed marked salivation after the 4th hour of exposure, There
were no abnormal hematological findings and no deaths (20),

6. Cats

Deodorized kervsene acroscl concentrations of 6.4 mg/l, produced no
signs of neurotoxicity during the 6-hour exposure, and no alterations in
veight gain for 14 days following the exposure, in 4 male cats of mixed
breed (26). No treatment~related abnormalities were revealed at the
autopsies perfo.med 14 days after exposure,

7. Guinea pigs

Six male guinea pigs were exposed to methylated naphthalene solvent




mist, in a concentration of 1.83 mg/l, median droplet size 3.15 microms,
for one hour a day for 27 days. Dyspnea occurred following each exposure.
There were no weight losses or hematological abnormalities. One animal
died around the 10th day of exposure, with pulmonary edema evident at
autopsy (20). ) )

It would seem that diesel fuel inhalation toxicity is low. There are
no LCsg values or other experimental data in available literature. The
aromatic content of diesel fuel did not affect its toxicity, as shown by
study comparing it with deodorized kerosens, a mixture with 3.92 aromatic
compounds, When aromatic hydrocarbons found in diesel fuel were inhaled
by animals, "though, they did produce abnormslities in skin, blood, bone marrow
and internal organs. These aromstics are lower boiling snd would be found in
high relative concentration in vapor, but probably not in high concentration
in ssrosols of dissel fusl. Study of diesel fuel seroeol toxicity im animals
is warranted.

B. Ingestion and Aspiration

Diesel fuel ingastion by farm or laboratory animals leads to changes

in blood chemistry, hematologic picture, digestive system involvement, and
pulmonary damage if the material is aspirated.

l. Rats

Diesel fuel was found to have low toxicity in rats, in a study per-
formed by Starek et al. (43). 1In 138 Wistsr rats, weighing 180-340 g,
given diesel oil (unspecified content) by stomsch tube, an oral LDgq of
16.0 ml/kg of dody weight (range of 6.7-38.4 nl/kg) was estadlished. The
peripheral dlood picture in rats fed 20 and 23 ul/kg/day revealed a sig-
nificant drop in hemoglodin after 14 days, signtificant reticulocytosis
after 7 and 14 days, elevations of nestrophilic granulocytes after 7 days
and reduced lymphocytes, throsbocytes and platelets. Erythrocyte counts were
normal. Elevated serum enzsyme levels of salate dehydrogenase, aspartate amino-
transferase and alanine aminotransferase were found, but alkaline phosphatase
levels remained normal. The subacute lethal dose of diesel fuel in rats was
calculated to be 43.2X of the acute LD, 1.e. 6.9 ml/kg of body weight per day,
based on odservations in 5 rats orally tered increasing daily dosages
from 0.06 - 10.8 ml/kg of dody weight over a 32-day period. Three died vhen the

dose reached 3.2 ml/kg on day 18; the other 2 died wvhen the dose reached 10.8 ml/kg
on day 32.

Wistar rats weighing 175-300 g were given 2.0 ml to 3.0 ml of kerosene
by direct instillation into the duodenum. In the 9 experiments, there were
n0 changes in lung stability 18 to 24 hours later as measured by pressure-
volume determinations of deflation under low transpulmonary pressure
(hysteresis) (41). No other parameters were studied. This experiment
showed that ingestion of distillates somewhat similar to diesel fuel
does not damage the lungs if the material is not aspirated.

As discussed in section V.D,, entry of diesel fuel into the lungs
causes pulmonary damage and signs of respiratory distress. Wistar rats
weighing 175-300 g were subjected to instillation of 0.01-0.10 ml of the
substance into the trachea via a cannula. The animals which were killed
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15 minutes later showved significant, dose dependent differences in pul-

monary stability (hysteresis), indicating damage to the surfactant layer.

An intratracheal dose of 0,05 ml of diesel fuel produced 50X mortality.

In snimals remaining alive, lung stability increased and returned to normal
levels after 48 hours. In another group of rats given 0.1 ml/kg body

weight, after 14 days the lungs were macroscopically normal, although micro-
scopically there were small patches of resolving pneumonisa. When kerosene

or mineral seal oil (boiling range 196-292°C; 76.6% paraffinic, 1.4 ole-
finic, 22T aromatic) were instilled into the trachea in the same experimental
setup, the pulmonary effects were indistinguiskable from those-of diese]

" fuel. The ability of diesel fuel and similar ofls to damage the lung lining was
proportional to the quantity which was introduced into the trachea, but was not
influenced by the relstive proportions of aromatic and paraffinic hydrocarbons
in the oils tested (41).

Gerarde (47) studied diesel o1l aspi¥ation in 2 male albino Wistar rats
veighing 300-400 g. The animals were given 0.02 ml (2 mouthful) while
apneic, and the materisl was aspirsted when the snimals regained their
ability to Breaths. This dose was lethal in 24 hours for 2/2 rats. Lung
findings were characteristic of acute chemical poeumonitis: severe pul-
monary edema, hemorrhage, and liver-like appesrance. Clinically, the
animals developed tachypnea, dyspnes, cysnoeis, and a blood-tinged frothy
nasal discharge. In a discussion of relsted hydrocarbon mixtures, Gerarde
(20) reported that rats aspirating 0.2 ml of kerosene also developed acute
chemical pneumonitis. Liquid alkylbenzenes, alkylnaphthalenes, indanes,
indenes and commercial hydrocarbon mixtures containing these substances
aleo damaged the lungs vhen aspirated.

2. Rabdbits

Ten rabbite, weighing around 2.5 kg were fed 1 ml/kg body weight of a
fuel oil having a boiling range batween 150° and 300°C. Blood sugar levels
vere determined after 30 wminutes, 2, 5, 7, 9 and 12 hours. There wvas a
- gradual drop in blood sugar, reaching minimum values (as low as 232 below normal)
between 5 and 7 hours and returning to control lavels by 12 hours. Petroleum
derivatives boiling in slightly lower ranges caused similar changes (46).

After observing a patient with fatal pulmonary gangrene following diesel
fuel aspiration, Haraszti (39) was able to reproduce the pathologic effects
in the laboratory. In rsbbits, 6-8 days following intratracheal admin-
istration of 1 ml of diesel fuel, pulmonary changes of progressive inter-
stirial infiltration (hypermia, capillary endothelial damage, edema, al-
veolar hemorrhage or exudation and bronchiolar necrosis) were noted.

3. Farm animals

Tvo veterinary reports of poisoning, in a cow and an ewe, are pre~
sented. Although the amount of fuel which was ingested could only be

approximated, clinical findings in the blood and gastrointestinal tract,
among others, are indicative of systemic toxicity.
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The ingestion of up to 7 liters of diesel fuel by a cow lead to slight
fever (39.5°C), reduced heart rate, palpitations, reduction in appetite
and slowing of peristalsis in the first stomach. This was followed by
mild diarrhea, then constipation, a constderable decrease in milk produc=-
tion and a stiff and uncertain gait suggestive of muscular weakness. Pain-
ful swelling of the hind fetlocks occurred 5 days after the poisoning. '
The animal slowly recuperated with treatment after the 8th day (&44).

Ranger (45) reported a case of poisoning in an ewe after the consump-

tion of diesel fuel-scaked grass. The animal was depressed, weak, had

lost weight, and had a strong odur of diesel fuel emanating from the

breath, urine and feces. Slight dyspnea, respiratory signs and increased
: rumenal peristalsis were also reported. After 10 davs without improvement,
: the contents of the rumen were removed and replaced. The rumenal wall
contained an area with raised nodular lesions up to 3 cm in diameter,
with ulcerating caseous centers. Following the rumenotomy the animal
recovered, although complete loss of fleece occurred., Hematological
changes included neutrophilic leukocytcsis and moderate normochromic anemia,
but there were no changes in serum concentrations of liver enzymes.

C. Skin Contact

i In this section, experiments are reported in which diesel fuel and
related hydrocarbon mixtures were topically applied, Mechanism of action
and protective effects of topically applied hydrocarbons and the findings
in the literature concerning carcinogenicity are cited.
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T 1. No sensitization
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Sensitization studies with diesel oil, using the Landsteiner and Jacobs
method, produced only negative results on 24 white male 400-g guinea pigs

(48).

2., Mi1d primary irritant

Diesel o1l was classified as a mild primary irritant on the skin and
conjunctiva of the eye, utilizing the Draize et al, method in 10 white
Belgian rabbits, weighing about 3500 g (48).

3. Topical application - rats

In male Wistar rats weighing around 250 g, undiluted diesel oil
(of unspecified composition) was applied to the skin of the tail for 6
hours each day for 10 days. Epidermal splitting and exfoliation, hair
loss, and a papular rash occurred, and generally receded 2-3 weeks after
termination of exposure (48). There was no mortality or significant
welght loss. Blood studies did reveal decreased hemoglobin concentra-~
tions (11% below normals on 17th day of the experiment). The red bloud
cell count was decreased by 13% on day 17, 24 and 31. The elevated
reticulocyte count, mean 58% above normal, was significant (p<0.05) on
day 17. The leukocvte count was up by 61% on the lith and 17th day. '
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-—=transferase and the intermediate lactate dehydrogenase (LDH) isoenzymes, and de-
creased acrivity of heart and liver (muscle) fractions of lactic dehvdrogenase. =

“blood cells and stimulation of reticulocyte formation, necutrophilia and lympho-

Neutrophilic granulocytes increascd by 1757, which was statistically sipnifi-
cant (p<.05) on day 11, 17 and 24, There were no changes in thrombocyte or
lymphocyte cowmrts., Blood serum chemistry revealed increases in aspartate amino-

The authors concluded that absorption of diesel fuel through the skin cansed a
direct effect on blood-forming organs, leading to dgcercased production ¢of red

~cytopenia.  LDH iscenzyme changes may have been secondary to coell damage of

mycardium, erthyrocytes and hepatocytes.

Starek and Cembala (50) iuvestigated the skin effects of Mentor

28, a substance used in the electroerosive industry. This hydrocarbon
mixture distills in the range of 278°=320°C; 1its composition is 77,0%
paraffinic and naphthenic, 19.9% aromatic and 3.17 olefinic. When ap-
rlied to the tail skin of Wistar rats for 6 hours a day for 10 consecutive
days, splitting, exfoliation of epldermis, halr loss and nodular exanthewa
resulted, Cosmetic naphtha (99% paraffinic) and turbine oil (unspecified
content) produced less severe skin changes, leading the authors to con-
clude that the higher aromaticity of Mentor 28 was responsible for 1its
preater activitv. When Starck et al. (48) compared the skin effects of Men-
tor 28 with those of diesel fuel, using fdentical tail paiationp schedules, the
rats' skin reactions were simllar in both experiments, consistiong of epldermal
splitting and exfoliation, hair loss, and nodular exanthema,

4, Topical application - guinea pigs

Skin compatability to diesel fuel (boiling range 180-340°C) was tested
1o 5 albino guinea pigs weighing 270~550 g. The substance was applied to
the shaven skin of the back 5 times a week until a skin reaction appeared.
By the 5th day, there was slight erythema, followed by desquamation, in-
duration, hair loss and rhagades while treatment continued, The experi-
ment was stopped on day 19 due to increasing restlessness of the animals
as well as to advancing skin ulceration and intensified crusting which
had first been noted on the 12th day. Recovery was rapild, with the skin
healing in 10 days and new hair growth in 15 days (49),

U TR T -

Hoekatra and Phi lips (?) studied the effects of various petroleum
fractions on the skia of male albino guinea pigs weighing 300-500 g.
Applications were made every other day fur a total of 4 exposures,
and the animals were observed for 20 davs following the first applicatien.
The oils were characterized as aromaticerich, para€fin-rich and naphthene-
rich fractions, All fractions produced hyperplagia, hyperkeratosis and
hair loss, but the aromatic and fsoparaffinic fractions were more potent
than the paraffinic aud naphthenic fractions, In addition, the higher-~
bolling fractions were less noxfous than lower-boiling ones. The transi-
tion from non-damaging to noxiocus was abrupt, occurring in the range of
350 * 15°C, Allphatic fractions boiling above 350°C (21-21 carbon atoms)
were protective when mixed with the noxious fractions, i.e., the wiature
caused less skin reaction than the low-boiling fraction alone. Fractions



T

with 14-19 carbcn atoms caused the most severe reactions. The aromatic
hydrocarbons were siin dawaging cven ~t the highest boiling poini siudied
(402°C), unlike the aliphatics.

“S. “Topical applicacion - mice

Cg-Cy)2 alkyl aromatic hydrocarbons boiling in the diesel fuel range
were applied to the skin of 20 male C3;H mice, in doses of 0,10-0.15 g, 3
times a week for 150 applications. Skir became thick, dry and scaly,
and there was evidence of hyperkeratosis in 31%, epidermal atrophy in 24%,

“inflammatory reaction in 41%, perikeratosis in 23% and ulceration in 25%

of the group of 79 mice painted with the Cg=C;y fraction. The Cy,-C;;,
fractinn, applied to 85 mice, also resulted in thick, dry and scaly skin,
and hyperkeratosis in 30%, perikeratosis in 16%, epidermal atrophy in 29%,
inflammation in 23% and ulceration in 67 (28),

6. Skin carcinogenicity - mice

In a report by Twort and Twort (51) in which varicas catalytically
cracked olls were topically applied to mice in a search for carcirogens,
they also observed that "lighter grade diesel fuel oils are non-carcinogenic
for the skins of mice, but a heavier grade tested was delinitely carcino-
geric'". When lighter grade oils having very low viscosity and the appear-
ance of colored kerosene were applied daily to the interscapular region
of 100 mice, only dermatitis was obgserved. The heavier grade diesel fuel
oil, an "older-type dirty-looking oily mixture with a kinematic viscosity
of 13,7", induced 18 tumors in 100 mice after daily application; three of
the 18 tumors became malignant, With two applications per week in another
100 mice, only one tumor was observed.

According to Fisher et al, (52) and Gerarde (20), only very high-
boiling petroleum products display appreciable carcinogenicity in mice.
The carcinogenlc constituents occur in distillates boiling over 370°C,
and are assoclated cnly with the aromatic fraction, and especially
with the polynuclear aromatics. Heating oils and related products which
are lower~boiling are not carcinogenic, even when they are partly aromatic.
Many high-boiling products are also inactive, unless the creation of high-
ly condensed aromatic hydrocarbons occurs in their synthesis or process-
ing.

Exhaust manifold temperatures can reach 540°=607°C during diesel fuel
fog generation; polynuclear aromatic compounds may be formed. However,

no qualitative or quantitative investigations have been reported to date.

7. Topical application - rabbits

The aromatic hydrocarbons generally produced vasodilitation, veduess
and irritation of skin. The shorter and fewer the alkyl groups, or the
more branched side chaiuns there were, the more irritating the hydrocarbons
became. In rabbits exposed (o repeated application of mono~-methylated




i o, AOAA

“ = -maphthalene solvent to intact skin, severe irritation and sloughing occurred
with 1.0 ml/kg for 21 days. At doses of 2-4 mi/kg, deaths occurred after
6 to 8 applications (20).

8. Protective &ffect of higher-boiling fractions

The mechanism by which diesel o0il and related hydrocarbons damage the
skin is discussed by Hoekstra and Phillips (8). They feel that changes
such as hyperplasia, hyperkeratosis and depilation are a general re-
sponse to lipid-soluble solvents, and are unrelated to the specific
reactive groups or type of structure. The length of the carbon chains
" 1s important. The skin barrier 1s selectively permeahble to molecules of

a given size; penetration of the hydrocarbon is necessary for the initla-
tion of the tiasue damage., They also stated that the dermatotoxicity of
a given petroleum product 1is unrelated to the crude source, viscosity or
degree of refinement.

The protective effect of higher-boiling fractions was demonstrated in
gulnea pigs (49)., Diesel ofl (which by 1tself caused desquamation, hair
loss, ulceration and crusting) was mixed with mineral oil {n concentrations
of 1~10%. The skin effects were eliminated.

"

T T AL L

9., Dermal implants ~ rats

Tt

: The effect of diesel o1l on formation of granulation tissue in Wistar

: rats, welighing 100~170 g was investipated by Bien and Buntrock (49).

t The diesel oll fraction distilled in the boiling range of 180°-370°C,

: Plastic rings were implanted in the dorsal skin of the rats, the liquid was

: added and left in contact for 10 days, and then the granulation tissue
formed was removed, examined histolopically, and analyzed for hvdroxy-

: proline content and ratio of moist to dry weight, The diesel fuel pro-

£ moted formation of granulation tissue in a dose dependent manner, giving

£ higher dry tissue weight than control substances, but there was no sig-

f nificant difference in amount of hydroxyproline between diesel fucl-

treated and controel tissues,

-
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VIL. PHARMACOKINETICS IN HUMANS AND ANIMALS ' i

~ Although the absorption, distribution, storage, biotransformation, and ex- b
cretion of the diesel fuel hydrocerbon mixture have not been reported in the
literature to date, it 1is llkely thal the pharmacokinerics of the different
_hydrocarben types, e.g. aromatics, paraffins, and olefina would proceed through
_different mechanisms. Further studies are nceded to evaluate this possibility.
Reported data include the skin absorption rate of dicsel fuel, absorption, metabo- R
1ism and distribution of normal paraffins from the digestive tract, discribution S
and metabolism of selected alkyl aromatic compounds, and urinary bilotransforma-
tion products of aromatic hvdrocarborns.

A. Absorption

Although literature 1s scanty on the pharmacokinetics of diesel fuel
in humans, it is likely that the body handles the hyvdrocarbon mixture
according to its components. The general lipid solubility of the fuel
allows it to be absorbed through the regpiratory epithelium, mucous mem—
branes, gastrointestinal tract and epidermis, although actual rates of
¢ sorption have not been investigated, with the exception of one study,
performed by Starek et al. (43). The authors measured the absorption
of diesel oil through the 1intact tail skin of Wistar rats; 1t was 2.57 %
0.52 mg/cm7/hr. The significance of this 1is that no rats died; it was
concluded that the rate of absorption was too slow to allow accumulation
of the substance in the body.

The normal aliphatic portion of diesel fuel can be represented by
octadecane and hexadecane for purposes of studying absorption. It was
originally believed that these paraffins were completely unabsorbed and
metabolically inert. EI1 Mahdi and Channon (53) found that rats fed
n-hexadecane daily for 3 weeks (doses from 0.035 - 0,12 ml) were able to
absorb about 77 of the total dose. Because there was no increase in un~
saponifiable material in the livers of these rats, thev concluded that the
substance was elther metabolized or stored in an orpgan other than the liver.
Hexadecane was isolated from tissue lipids after prolonped feeding of the
substance to rats (34), Stetten, Jr. (54) found that growing rats absorbed
about 80 mg/day of deuterated hexadecane, of which 15% of the 1isotupe was
recovered in fatty aclds, This was evidence that oxidation tock place.

The isotope content of the liver was higher than that of the feces, in-
dicating the site of oxidation was not exclusively the gastrointestinal
tract, There was no accumulation of unoxidized hydrocarben in the liver,

The oxidation of normal aliphatics to fatty acidg, occurring in the
intestinal wall of rats fed deuterated octadecane, hexadecane, tetra-
decane, dodecane and decane, was studied by Bernhard et al, (55).

The reaction proceeds in 2 steps: an intestinal dehydrase removes hydro-
gen from the 1,2-position; oxidation follows.

The producta of the reaction were recovered in lymph., McCarthy (56)
found that oxidation occurred in perfused goat rumen pricr to ahsorption
into the blood. Hexadecane and octadecane underwent w-oxidation to fatty




acids of the same carbon number. A portion of these hvdrocarbons was also

—...absorbed unaltered from the gut and found in liver lipids after 6 hours,

as determined from experimental feeding of radiocactive octadecane and
hexadecane to rats.

Oxidation of radicactive hexadecane occurs in subcellular fractions
of guinea pig intestinal mucosa (57), The highest activity was found in
the microsomal fraction, although the high-speed supernatant was also
active. Microbial enzymes from the flora of the small intestine did not
contribute to oxidation, Maximal conversion of hexadecane to hexadecanol
and palmitic acid required NAD!, NADP? and glucose-6-phosphate, and the
reaction was inhibited by carbon monoxide, indicating involvement of

-cytochrome P,5p in oxidation,

The major site of absorption of normal alkanes was found to be the
small intestine in rats. There were no differences in uptake among duo-
denum, jejunum and ileum. Duodenal sections of Lntestine released radio-
active hexadecaune and its metabolic products more rapidly than sectilons
of ileum. The primary vroute of absorption was into the lymph, as de-
termined by cannulation of the intestinal lymph duct. Paraffins with
more than 29 carbon atoms were not sipnificantly absorbed, and there
vere nn significant differences between retention of branched, cvelic
and unsaturated hydrocarbons and saturated aliphatics with the same
carbon number. (Retention was calculated as 1007 minus the pcrcentage
excreted Iin feces). 1In rats injected intraduodenally with radioactive
hexadecane in an emulsion of synthetic rat bile, the lymph and blood
levels of !“C increased almost linearly over 7 hours. Portal blood was
slightly more radioactive than heart blood, suggesating the possibility
of direct absorption of the hydrocarbon or metaholites into the portal
circulation. The authors postulated that absorption of aliphatic hydro-
carbons involves emulsification in the gastrointestinal tract, some ah-
sorption of intact molecules into the lymph, and some oxidation to fatty
acids of the same carbon number at the time of absorption (58).

The absorption of radioactive hexadecane after topical application
to the skin of male albino guinea pigs for 48 hours was about 20% of the
total applied dose. Mineral oil, docosane and heptane reduced the pen-
etration of the labelled alkanc, while repeated applications of hexadecane
increased its uptake (59), It is proposed that heavy mineral oil and
alkanes over 20 carbons long reduce the dermatotoxic effect of hexadecaine
by interfering with its penetratlon to the site of action, which appears
to be deep in the epidermis. The use of protective pastes on the skin to
reduce dermatitils after exposure to industrial sol-ents and fuels is
based on this observation. The mechanism of the protective effect may be
either one of simple dilution or a more specific interference of penetra-
tion,

'NAD - nicotinamide-adenine dinucleotide
“NADP - nicotinamide-adenine dinucleotide phosphate




- Aromatic hydrocarbons are abaorbed slowly through the skin. Gerarde
(20) feela that systemic intoxication with these compounds following
topical exposure is improbable for this reason. Absorption of alkylben-
zenesd, for example, into the bloodstream may causmse local irritation of

-.the endothelium and permeability chanpes in capillaries, leading to edema,

petechlae or gross hemorrhage. Alkvlbenzenes are absorbed in decreasing

levela from the gastrointestinal tract with increased chain length and
braunching,

lu one report of a 2-year-old boy who drank heating oil (composition
unspecified) and was given mineral ofl therapeuticaily, it waa postulated
.that the mechanism of absorption invelved formation of an emulaion of the
oils in the small intestine, Microdropleta of the hvdrocarbons then were
able to pass into the lymph, and into the bloodstream, An alternate theory
is that the oils may have beoun resorbed by direct passage through the in-
testinal wall without degradation, in a manner similar to persorption of
atarch granules. The mechanism remaina unknown (60).

B. Distribution

Once in the bloodstream, aliphatic hydrocarbona in the form of free
fatty acids are cleared by the liver. McCarthy (56) found that in
goats, radioactive octadecane was rapidly clearaed from the bloodstreum
after 1,v, administration and there was increased radioactivity in liver
phospholipid and fatty acid fractions, indicating that the liver took up
the octadecana before conversion to fatty acids.

Bernhard (61) fed rats deuterated octadecane and found the 1sotope
in oleic, palmitic and stearic acids. In another experiment, rats
fed labelled octadecane and hexadecane developed deposits of these paraf-
fins in the liver and fatty tissues.

The distribucion of octadecane was studied by Popovic (62), After
i.,v. admintstration of a radloactive emulsion of n-octadecane to rats,
the radioactivity was concentrated in the liver (33%), fat (187)
and spleen (8.37), while after p.o. administration, the most radioactivity
was in the liver (1.28%), fat (0.667) and intestine (2.41%). This indi-
cates that only a small portion of octadecane emulsion was ahsorhed from
the gastrointestinal tract. Expired 1I'CO_‘, determined every 30 minutes
after administration, was also much lower when the emulsion was given
orally than intravenously, The octadecane was incorporated inte fatty
acids 1n the liver, especially lecithin.

Goat and rat liver homogenates metabol{zed hexadecane move readily
than carbon chains either louger or shorter than Cyg, according to McCarthy
(56), The microsomal fraction of mouse liver hydroxvlates long-chain
aliphatic hydfocnrhona. Wndiloactive hexadecane was oxidized i{n the prea-
ence ot NADPH® and molecular oxvpen to palmiiate daml a smallor quantity
of hexadecanol, Mouse lung microsomes showed weak hvdroxvlation activity,
and the kiduey microsomal fraction war laactive (63, Py,gp cytochrome
fuvolvement was ghown by {nhibition of the reaction with carbon monoxid..

INADPH = reduced form of NADP
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) After topical application of radioactive hexadecane in guinea pigs,
the dermis contained about 0.1% of the applied dose, and the liver and
kidneys a total of about 0.17%., Measurable amounts of 14¢ were not found
in the blood (59).

Alkylbenzenes and related aromatic hydrocarbons are found in the blood-
stream adsorbed on lipoproteins or dissolved in chylomicrons, after gastro-
intestinal absorption, but the majority is bound to red blood cells, due
to high 1lipid solubility of the hydrocarbons. They accumulate in body
tissues in proportion to their fat content (20). They may be dissolved
in neutral body fat, may enter the nervous system and cerebrospinal
fluld and may cross the placenta into fetal blood, as do other lipid
soluble substances.

C. Excretion

Excretion of diesel fuel in humans has not been studied, but it can be
compared to excretion of heating oil, which 1is briefly discussed in the
report of the 2-year-old boy who drank the subatance., The oil could be
detected spectroscopically in the urine of the child (60).

Tn albino rabbits given, orally, various organic compounds at half the
single lethal dose, urinary inorganic sulfates and glucuronic acid were de-

termined by quantitative spectrophotometry with a modified Tollens test (64).
Kerosene and naphthalene caused a marked increase in glucuronic acld excretion
and a slight or moderate increase in urinary inorganic sulfates, usually on the
second day after dosing. This may be a valuable method for assessing the extent

of absorption of organic compounds in industrially exposed persons.

In comparison with kerosene, diesel fuel is excreted slowlv by rats
fed large doses, and accumulation of the substance occurred. The toxicity
is discussed 1in section VI.B. (43).

Excretlion of aromatic hydrocarbons, such as alkylbenzenes, occurs
either as unchanged hydrocarbons, or as water soiuble urinary biotrans-
formation products, conjugated with glucuronic acid, sulfuric acid or
glycine., Unmetabolized aromatics may also be exhaled from the lungs
(20) . Figure 1 shows the curve of aromatic hydrocarbons in blood following
a 1.25 ml intragastric dose of kerosene. After an initial rise, the blood
concentration fell over the next 12 hours, and by 32 hours, less than S ppm
could be detected.

Urinary bilotransformation products of aromatic hydrocarbons have been
studied and the metabolic pathways described. Hepatlec monooxygenases con-
vert naphthalene to naphthalene-1,2-oxide, which then either spontaneously
isomerizes to l-naphthel, is enzymatically hydrated to a trans-dihvdrodiol,

or conjugates both spountaneously and by eazymatic catalveis with glutathione.

The conversion of polycyclic hydrocarbons to oxides of phenanthrene and
benzanthracene also occurs, Glutathione conjugates are metabolized to pre-
mercapturic acids, by loss of glvcine and glutamic acid residues, followed
by N-acetylation of the substituted cysteine. The premercapturic acids are
dehydrated to mercapturic acids (65).
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Fig. 1. Absorption-climination curve tor momatic
hydrocarbons in kerosene in vats dosed by pastric
intubation (1.25 ml per animal).

Ref: Gerarde (20).
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VIII. CARCINOGENICITY, MUTAGENICITY, TERATOGENICITY

There is no direct information in the literature concerning the tera-
togenic or mutagenic effects of diesel fuel. It is obvious that some in-
vestigations are needed in these two areas. Carcinogenicity of diesel
fuel after chronic topical application is touched upon in one reference.
The metabolism of aromatic compounds via intermediate arene oxides {s re-
viewed, '

A. Skin Carcinogenicity

A discussion of availaoble literature is presented in section VI.C.
(p.30), Until further study is done, it may be tematively concluded that
diesel fuels meeting federal specifications are not carcinogenic after
topical application.

However, certain paraffins, olefins and alkyl derivatives of cyclo-
hexanes, benzene and naphthalene are capabdble of accelerating the induction
of skin cancer in C3H mice. There are probably no liquid hydrocarbons
which retard the rate of induction of tumors by repeated application of
solutions of methylcholanthrene or bdbenzpyrene to C3H mouse skin. Dodecyl-
benzene and dodecane induced tumora at a much higher rate for a given
concentration of carcinogen than other hydrocarbon sclvent solutions such
as sec-amylbénzene and octane, which are of lower molecular weight. By
themselves, these two accelerators are not carcinogenic for mouse skin.
The accelerating hydrocarbons precondition the skin of C3H mice, rendering
it much more raesponsive to subsequent applications of oils containing
carcinogens (76),

B. Intermediary Metabolism of Aromatic Rydrocarbons

Aromatic compounds are metabolized in mammals to phenols, trans-di-
hydrodiols, glutathione conjugates and (pre)mercapturic acids via inter-
mediate arene oxides, aromatic compounds in which a formal double bond
has undergone epoxidation. The rate of formation and metabolism of arene
oxides as wall as spontaneous isomearization to phenols or addition of
glutathione or sulfhydryl groups, determine steady state concentrations
in the liver. Covalent bonding of these intermediates to intracellular
macromolecules provides the molecular dasis for aromatic hydrocarbon
cytotoxicity and carcinogenicity of polycyclic hydrocarbons (65, 66).

In vitro experiments indicate that various arene oxides and phenols
of polycyclic hydrocarbons bind to nucleic acids. The results were ob-
tained by monitoring changes in UV absorption and fluorescence spectra
of poly-guanylic acid after reaction with various arens oxides and
phenols (67). Arene oxides of benzpyrene were mutagenic in strains of
Salmonella tuphimuriwm and in Chinese hamster V79 cells. There was no

relationship between cytotoxicity and mutagenicity. There were large dif-
ferences in response of hanster and bacterial cells to arene oxides in
mutagenicity and cytotoxicity. The value of mutation experiments in
determining carcinogenic activity of the compounds was found to be un-
certain (68).
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IX. INDUSTRIAL HYCIENE PRACTICES AND STANDARDS

The untoward effects of exposure to diesel fuel white smoke are
unknown., Furthermore, the composition of the smoke has not been suf-
ficiently atudied. In order to limit exposure as much as possible,
therefore, certain precautions are suggested. As new experimental data
becomes available, appropridte revisions should be considered.

A. Standards

No standards for diesel fuel fumes, smokes, fogs or liquid have been
established.

B. Protective Equipment

In fogging operations, inhalation of aerosol particles consisting
of diesel fuel, exhsust products, pyrolyzed substances and various ad-
ditives, can be controlled by protective field masks, such as MIL-M-
50079B(MU) (69), containing activated charcoal filters.

Control of skin contact with diesel fuel through the use of protec~
tive skin pastes which may prevent absorption of the fuel is recommended
by some authors. One paste, described by Rao (33), contains a silicone
oil ointment. It is effective in controlling dermatitis, and is scothing
and without untoward systemic effects. I1'in et al. (29) recommended the
application of protective skin pastes prior to exposure, and the use of
cleaning pastes after exposure. Acceptable cleansers included: soap and
lanolin; industrial or liquid soap; and lukewarm 0.25~0.5% ammonia solu-
tion. The possible skin protection offered by mineral oil, when mixed
with diesel oil, was discussed in section VII.A.

Skin softeners may control the severity of dermatitis by helping to
prevent abscess formation (29). These authors favored a solution of
equal parts of ethyl alcohol, glycerine, ammonia and water, and 0,5%
chloramine solution.

Other mechanical barriers, such as gloves and aprons, may be useful
if they do not interfere with performance. Some maintain that the use of
gloves contributes to sloppy personal hygiene, and that only scrupulous
cleanliness and prophylactic measures can effectively control diesel fuel
exposure (32, 33). Others highly recommend protective clothing where
practical (28, 40).

C. Medical Surveillance

Constitutional factors play an important role in individual sus-
ceptibility to irritation of the skin or mucous membranes. Dry, senile
skin is sensitive to agents which may cause dermatitis, The skin of
Caucasians is more sensitive to chemical irritants than the skin of Blacks
(30). Some individuals may be occupationally exposed for years before
developing dermatitis to diesel fuel.
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Screening of all individuals prior to assignment to tasks in which
they will be exposed to diesel fuel or smoke is necessary in order to
exclude persons with the following conditions: organic disease of the
heart, lungs, kidneys or liver; history of allergy to hydrocarbons;
chronic skin disease; hematologic abnormalities; and possibly a history
of benzene intoxication., Gerarde (20) states that exposure to aromatic
hydrocarbons or mixtures containing them must be avoided ty these in=-
dividuals.

Periodical medical examinations are essential for the early detec-
tion of dermatitis as well as possible inhalation effects of diesel fuel
smokes, Documentation of exposure effects is necessary, in view of the
limited information which now exists in this area,

D, Coutrol Measures

In conditions where it is impossible to prevent expcsure, personnel
must be educated in the use of protective skin creams and clothing, the
use of proper cleansers after exposure and the importance of cleanliness
of work clothes. Early recognition of symp.oms of respiratory, skin
and other untoward reactions 1s essentlial, and requires periodical medi=~
cal surveillance. Enforcement of safety and cleanliness regulations is
equally essential.

Intravehicular exposures can be minimized by the use of activated
charcoal filtering masks, or by filters covering ventilation intake ports,
Precautions to exclude unfiltered air and smoke from the smoke-generating
vehicle cabin, such as keeping windows closed, are necessary.




~%.¢ SAMPLING-AND ANALYTIC TECHNIQUES

No reports ware found dealing specifically with sampling in air, or
analysis in biologic fluid or tissue, for diesel fuel. Therefore, methods
for kerosene or oil mists which appeared to be applicable also to diesel
fuel have been described.

A. Atmospharic Sampling

A Mine Safety Appliances 60~25 Electrostatic Sampler was used, oper-
ating at 18 1l/min for 30 min; before and after the sampling period the
precipitator tube was weighed to determine the weight of material col-
lected (70).

A special grade of paper (S & S 2045 BM) was used to ahsorb the hy-
drocarbon droplets in the air drawn through it (71).

An acidic potassium dichromate solution was used to bathe the sample,
but it was not clear if vapors only, or also aerosols, would be absorbed
(72) . Vapors would interfere with aerosol determination.

Fiberglass filter paper was used to adsorb the droplets from the sam-
ple; portable apparatus, for personal use, was as suitable as larger equip-
ment intended for room averaging. At an expected value of 5 mg/m°, the
air is drawn at 2 l/min for 10 min throu§h a 25 or 37 mm filter for
personal sampling - 190 min for 0.5 mg/m°® (73).

B. Analysis
1, Air (after sampling)

A microscope-photometer arrangement was used to determine increase
in translucence of chromatographic grade paper through which the sample
had been drawm (71).

01'khovskaya (72) measured the change in color of a 0.01% solution
of potassium dichromate in concentrated sulfuric acid (through which
the sample had been drawn); sensitivity was 20 ug/3 ml reagent for kero-
sene when a 1.5-1 air sample was used; wavelength monitored was not given.

The Institute of Petroleum Occupational Hygiene Subcommittee (73)
review of accepted methods only commented on one sampling technique, but
discussed three ways of determining amount collected. A gravimetric
method involved solvent extraction of the filter, evaporation and weigh-
ing; 1its sensitivity was 0.1 mg. A drawback was possible loss of vola-~
tiles during the solvent removal step. Extraction of the filter and
measurement of the UV absorbance at 200-300 nm was useful if a known
was available to prepare a calibration curve; tha sensitivity was 0.1 mg
when the curve had unit slope. Alternatively, the IR absorbance of the
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extract in the 3.4 1 region could be checked against a standard; sensiti-
vity was 0.05 mg.

2. Biologic fluids

A technique for blood kerosene, which should be applicable to diesel
fuel, was found but it is only suitable when an cripinal sample is avail-
able to calibrate the method. Five ml of blood is hemolyzed in dilute
hydrochloric acid, then extracted with carbon tetrachloride. The ex~ B
tract is mixed with a formaldehvde-sulfuric acid reagent - which re-
acts with aromatics = and the color produced measured at 490 nm in a
colorimeter. The method was good to a lower limit of 10 ppm when 147
aromatics were present (20).

3. Bilologic tissue
No methods applicable to diesel fuel were located. ) ;
C. Characterization of Unknown Sample as Diesel Fuel -

A problem exists with complex mixtures of hydrocarbons as to how to -
identify one as a particular product of the petroleum industry. 1In this H
case, boiling range overlap occurs witn kerosene, diesel fuel, fucl oils,
and a product known as mineral seal oil.

A series of gas-liquid chromatograms (GILC) intended to represent i
standards for various gasolines, jet fuels, kerosenes, and diesel fuels
was presented, It is readily seen that d%esel fuels, except for arctic
grade, are distinctively different from kerosene (74). Ancther GLC
for diesel fuel was deplcted (75) with the additional datum that there
are diagnostic peaks adjoining the major peaks for hepta- and octadecane.
The latest publication, also presenting GLC comparisons of jet fuels and
diesel fuels, commented on the usefulness of these "pictures" for estimating
possible deviation from certain specifications (4).




R

o L
p

0,

14,

1Y,

BIBLLOGRAPHY

s

Federal Specification: Fuel 011, Diesel. VV-F-800B, April 2, 1975.

lane, J. C.: Gasoline and other motor fuels. Kitk-Othmer, Encyclopedia : S nm
of Chemlcal Technology; Interscience Publishers, New York, 1966 (Second
Edition), Vol. 10, pp. 463-498,

Shell 011 Co.: Diesel fuels and theilr use. New York, 1962,

Petrovie, Ko, D, Vitorovic: Recognition and qualitative characterization

of commercial petroleum fuels and svnthetic fuels by a gas chromatographic : e
fingerprinting technique. 1. General considerations. J Chromatogr

119 413-422, 1976,

Kearns, 6. L., N, C, Maranowski, G. F. Crable: Apalysis of petrolaum
products in the Cy3 to Cog range. Application of FIA separatory and low
voltoye mass gpectrometric techniques. Anal Chem 31(10): 1646-1651, 1959.

Shoolery, J. N. and W, L. Budde: Natural abundance carbnn-13 nuclear
magnetie resonance sapectrometry for crude oil and petroleum product
analyses.  Anal Chem 48(11): 1458-1461, 1976.

Snyder, L. ®.: Routine determination of aromatic hydrocarbon types in
cata]ytically cracked gas oils by linear elution adsorption chromatography.
Anal Chem 3h6(4): 774-781, 1964,

Hoekatra, W. G.,, P. H., Phillips: Effects of topically applied mineral
ofl fruceions on the skin of guinea pigs. J Invest Dermatol 40: 79-88,
1963,

Fodor, G. E., #. M. Newman: The application of high-performance 1liquid
chromatography to the analysis of petroleum materials. Part 2. Quanti-
tutlve hydroceibon-type analysis, NTIS AD Rep. No. A014995, 1975.

Graf, W. aud C. Winter: 3,4-Benzpyrene in petroleum. Arch Hyg Bakteriol
152¢4):  289~29y3, 1168,

Herlan, A.t Hydrocarbon analysis of diesel fuels. Erdoel Kohle, Eru -us,
Petrochem 29(1)s 32, 1976,

Vityggerald, M, E., J. L. Moirano, H. Morgan, V. A. Cirillo: Characteriza-
tlioen of gas of]l sntocks: An inteprated analysis. Appl Spectrosc 24(1):
106-114, 1970,

Malv, B, J., 1. .J. Mayer: Composition of the dinucleur aromatics, C;
to Gy, In the Hght gas ol) fraction of petroleuni. Anal Chem 36(2):
IN1-362, 1964,

Jones, Jr., W, C.: Separation of hyvdrocarbor mixtures. U.S. Patent
3,074,881, 1963,

Fanvey, Mo W, Fuel additives. Noyes Data Corp,, Park Rlidge, N.J., 1974,




e e e e s S b i

16.

17.

EE

19,

2i.

22.

24.

26.

28.

3.

Miiitary Specification: Inhibitor, Corrosion, Fuel Soluble. MIL-1-25017C,

March 8, 197l;,m"“1

Teasley, Jr., R.: Diesel fuel. Encyclopedia of Energy, D. N. Lapedes-ead.,

_w.raw—ll—ill_ New York, 1976, pp. 184-185.
il
18.

Fiyeodegte®™0 J ., R. E. Farrell, N. M. lngber, I. M. Nawrocka: Analysis of
kerosine and gas oils. Am Soc Testing Mater, Spec Tech Publ., No. 389:
188-213, 1965, .

Fitzgerald, M. E., V. A, Cirillo, F. J. Galbraith: Mass spectrometric
method for analysis of petroleum distillates in the furnace oil-kerosine
boiling range. Anal Chem 34(10): 1276-1280, 1962.

Gerarde, H. W.: Toxicology and Biochemistry of Aromatic Hydrocarbons.
E. Browning-ed., Elsevier, New York, 1960, 329 pp.

Levey, H. A.: Smoke-screen composition. U.S. Patent 2,408,429, 1946.

Departments of the Army and the Air Force: Militarv chemistry and chemical
agents. Technical Manual No. 3-215/Air Force Manual No. 35%5-7, Dec. 6,
1903, p. 49.

Kell, R. M., A. R. Thomas: Aeroseol generator. U.S. Patent 2,686,160,
1954,

Klaus, E. E., J. M. Perez: Thermal stability characteristics of some
mineral oil and hydrocarbon hydraulic fluids and lubricants. ASLE
Trans 10(1): 38-47, 1967.

Dautrebande, L., R. Capps: Studies on aerosols. IX. Enhancement of
irritating effects of various substances on the eve, nose and throat by
particulate matter and liquid aerosols in connection with pollution of
the atmosphere. Arch Int Pharmacodvn Ther 82(4): 505-528, 1950,

Carpenter, C. P., D. L. Geary, Jr., R. C. Myers, D. J. Nachreiner, L. J.

Sullivan, J. M. King: Tetrcleum hydrocarbon toxicity studies. XI1. Ani-
mal and human response Lo vapors of deodorized kerosenc. Texicel Appl :
Pharmacol 36: 443-456, 1976. :

Sax, N. I.: Dangerous Properties of Industrial Materials. Fourth Edition,
Vaun Nostrand Reinhold, New York, Litton Educational Publishing, Inc., 1975,
p. 407,

Nau, C. A., J. Neal, M. Thornton: C3-Cis fractions obtained from petroleum
distillates. An evaluation of their potential toxicity. Arch Environ
Health 12: 382-393, 1966.

11'in, B. 1., L. I. Kogan, N. V. Buzulutskii: [Suppurative discases in
persons working with fucls and subricants.] Voen Med 7Zh 9: 69, 1969
(Russian).

Klauder, .. V., F. A. Brill: Correlation of bolling ranges of some petraleun
solvents with irritant action on skin., Arch Dermatol Svphilel 5H6: 197-215,
1947,

48




31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

43,

45,

a6,

Barnes, R. L., D. $. Wilkinson: Epidermal necrolysis from clothing
impregnated with paralfin. Br Med J 4(5890): 466-467, 1973,

Fngebrigtsen, J. K.: [Dermatoses caused by diesel oil among workers in an
asbestos-cement factory.] Nord Hyg Tidskr 9: 250-255, 1951 (Swedish).

Rao, M. V.: Industrial dermatlitis due to diesel o1l - a study of 25
cases, Indian J Dermatol Veunereol 38(4): 146-149, 1972,

Laignel-Lavastine, M., A. F. Liber: [Toxic disturbances of skin and
nervous svstem in a diesel truck driver.] Presse Med 42: 1578-1580,
1934 (French).

Yaxley, R. P.: Medical memoranda. Diesel-oil injection injuries. Br
Med J 5200:  714-715, Sept. 3, 1960. :

Lejeune, E., G. Moulin, L. Cotte: [Symptomatology of dyspepsias from
absorption of caustic agents. Apropos of a case of gastritis following
fuel o1l ingestion.] Arch Mal Prof Med Trav Secur Soc 22(3): 167, 1961
(French).

Olsen, A. M.: The spectrum of aspiration pneumonitis. Ann Otol Rhinol
Laryngol 79(5): 875-888, 1970,

Scamosi, J., M. Hornyak, M. Rurkovitrs: [Gasoline. kerosene and diesel
fuel poisoning in children in clinical practice.] Orv Hetil 116(21):
1209-1212, 1975 (Hungarian).

Haraszti, A., M. Sovarl: [Fatal pulmonary gangrene caused by inhalacion
of fuel o0il.] Orv Hetil, 109(16): 851-854, 1968 (Hungarian),

Plunkett, R.: Diesel engine dermatitis control. Minn Med 37(5): 336-
338, 1954.

Keen, T. E.: The effect of petroleum distillates on lung surfactant.
Aust Paediatr T 4(4): 229-235, 1968.

Samal, U, C., R. Saran, R. K. Sanyal: Eftects of {nhaled fumecs on {m-
munological vesponse of rabbits. Indian J Physiol Pharmacol 19(2):
103-104, 1975,

Stavek, A., L. Fiema, D. Cembala, W, Leplarz: [Comparing toxicity of
certain o1l products used as dielectrics in electrocrosive working. 1.
Acute and subacute toxlcitv.] Med Pr 26(3): 219-230, 1975 (Volisa).

Messerli, W.:  [Polsoning by dlesel oil in a hevd of cattle.] Schweiz
Avch Tlerhellkd 111 (11):  642-644, 1969  (Cerman).

Ranger, S. F.: A case of diesel oil polsoning in a ewe., Vet Ree
99(25-2) 5 508 509, 1976,

Tanl, K. [The effect of various petroleum fractions on the blood sugar
in the rabbit.] Okavama Tgakkal Zassl 5 84-90, 1939 (Japanese).




47.

48.

49,

50.

53.
54.

55.

56.

57.

58.

59.

A0,

Gerarde, H. W.: Toxicological studles ou hydrocarbons. 1IX. The aspiration
hazard and toxicity cf hydrocarbons and hydrocarbon mixtures. Arch Environ
Health 6: 329-341, 1963.

Starek, A., W. Lepiarz, B. Oginska: [Comparatlive studies on the toxicity
of certain dielectrics derived from petroleum and used in electroerosive
working. 1II, Topical acute and subacute toxicity.] Med Pr 27(2): 77-89,
1976 (Polish).

Bien, E., P. Buntrock: [Action of various petroleum fractions vn experi-
mental wound granulation.] Pharmazie 24(10): 629-632, 1969 (German).

Starek, A., D. Cembala: ([Toxicity of petrochemical dielectrics used in
electroerosive treatment of metals on cutaneous application to rats.] Med
Pr 25(2): 187-192, 1974 (Polish).

Twort, C. C., J. M. Twort: Induction of cancer by cracked mineral oils.
Lancet Il: 1226-1228, 1935.

Fischer, H. G. M., W. Priestley Jr., L. T. Eby, G. (. Wanless, J. Rechner
Jr.: Properties of high-boiling petroleum products. Physical and chemical
properties as related to carcinogenic activity. Arch Ind Hyg Occup Med

4:  315-324, 1951.

El Mahdi, M. A. H., H. J. Channon: The absorption of n-hexadecane from
the alimentary tract of the rat. Biochem J 27: 1487-1494, 1933.

Stetten, Jr., D.: Metabolism of a paraffin. J Biol Chem 147: 327-332,
1943,

Bernhard, K., U. Gloor, E. Scheitlin: Dehvdrogenatious which precede

the biological degradation of the carbon chain. Dehydrogenations of hydro-
carbons and fatty acids in the intestinal wall. Hoppe~Sevler's Z Physiol
Chem 299: 235-239, 1955 (German).

McCarthy, R. D.: Mammalian metabolism of straight-chain saturated hydro-
carbons. Blochim Biophys Acta 843 74-79, 1964,

Mitchell, M. P., G. Hubscher: Oxldation of n-hexadecane by subcellular
preparations of gulnea pilg small intestine. Eur J Blochem 7(1): 90-95,
1968.

Albro, P. W., L. Fishbein: Absorption of aliphatic hydrocarbons by rats.
Biochiim Biophvs Acta 219: 437-446, 19870.

Rossmiller, J. D.. W. G, lloekstra: Hexadecane-inducred hyperkeratinization
of guinea pig skin, TIT. Cutaneouvs penetration of teplecally applied
nexadecane-1-1"¢, 1 lavest Dermatol 47(1): 39-43, 1966.

Widhalm, K, J. Deutsch, &. Welrsenbacher:  [Proceedings:  Renal eXerot fon
of mineral oll constituents in fuel oil ivtoxication.] Munct Med wWoolien-
schr 116(32-33): 1452, 1974 (German).

Bernhard, K.: Absorption of aliphatic hydrocarbons, carotene, and vitamin
A by the rat. Fette Selfen 55 160-166, 1952 (German).

2
|
i3
=

L3
i

§

3

b=

M

JiZ a1l

Tl




62.

63,

-64.

65.
66.

67.

68.

69.

70.

71.

72.

73.

Popovic, M.: The metabolism of paraffins in rats. FEBS Lett 12(1):
49-50, 1970.

Kusonose, M., K. Ichihara, E. Kusunose: Oxidation of n-hexadecane by
mouse liver microsomal fraction. Bilochim Biophys Acta 176: 679-681,
1969.

Deichmann, W., G. Thomas: Glucuronic acid in the urine as a measure of
the absorption of certain organic compounds. J Ind Hyg Toxicol 25: e
286-292, 1943. ) T

&

i ke N ey

Daly, J. W., D. M. Jerina, B. Witkop: Arene oxides and the NIH shift.
Experientia (Basel) 28(10): 1129-1149, 1972.

S

Sulind

Jerina, D. M., J. W. Daly: Arene oxides: A new aspect of drug metabolism,
Science 185(4151): 573-582, 1974,

uwawﬂ‘mwmm \

Blobstein, S. H., 1. B. Weinstein, P. M. Dansette, H. Yagi, D. M. Jerina:
Binding of K- and non-K-region arene oxides and phenols of polycyclic
hydrocarbons to polyguanylic acid. Cancer Res 36(4): 1293-1298, 1976.

Wislocki, P. G., A. W. WVood, R. L. Chang, W. Levin, H. Yagi, O.

Hernandez, P. M. Danse.te, D. M. Jerina, A. H. Conney: Mutagenicity and
cytotoxicity of benzo(a)pyrene arene oxides, phenols, quinones, and
dihydrodiols in bacterial and mammalian cells. Cancer Res 36: 3350-3357,
1976.

Military Specification: Mask, Protective, Field., ABC-M17 MIL-M-
00S0079E(MU), 1968.

Wagner, W. D., P. G. Wright, H. E. Stokinger: 1Inhalation toxicology of
0il mists. 1. Chronic effects of white nineral oil. Med Bull Stand 0il Co
24(2). 135-152, 1964.

Berner, A.: Measuring deposition of diocty]l phthalate and paraffin oil
aerosols in the Geetz aerosol spectrometer. Staub-Reinhalt Luft 26(7):
366-308, 1966.

0l'khovskaya, Z. K.: Colorimetric determination of hydrocarbons, gasoline,
kerosine, and white spirit in the air of industrial installations.
Gig Tr Prof Zabol 15(11): 57-58, 1971.

[T S

Institute of Petroleum Occupational Hygiene Subcommittee: Methods for the
determination of the atmospheric concentration of oil mist. Ann Occup
Hyg 18(4): 293-297, 1975,

Le Pera, M. E.: 1Identification and characterization of petrolecum fuels
using temperature-programmed gas-liquid chromatography. AD Rep. No.
646382, 1966.

51




Lloyd, J. B. F., K. Hadley: Some applicatious of a caplllary column gas
chromatography system in forensic science. Scan 3:  13-15, 1973,

Horton, A. W., 1. T. Deumaun, R. P. Trosset: Carcinogenesis of the skin.

I-I.

The accelevating properties of aliphatic and related hydrocarbouns,

Cancer Res 17(8): 758-766, 1957,

et
g e ¢

[ -




APPENDIX
INFORMATION SOURCES EXAMINED

Computer Searchable Data Bases

1,

2,
3.
4,
3.
6.
7.
8.

9.

Rational Technical Information Services - covering 1964 to present
(searched on 4/4/77)

TOXLINE/TOXBACK (searched on 3/29/77)

Chemical Condensates - covering 1972 to present (searched on 4/1/77)
BIOSIS Previews -~ covering 1972 to present (searched on 4/8/77)

ISI SCISBARCH - covering 1974 to present (searched on 4/8/77)
CANCERLINE (searched on 5/5/77)

NIOSH Technical Information Center file - (received on May 15, 77)
American Petroleum Institute file -~ (received on May 15, 77)

Defense Documentation Center - (received on May 15, 77)

Hardbound Secondary References

1.
2.

3.

4o

5.

Chemical Abstracts - V.1 (1907) - V.83 (1975).

Index Medicus - V.1 (1927) - V.18 (No. 4), 1977,

Excerpta Medica - sections entitled Toxtoology and Pharmacology,
Oooupational Health and Industrial Medictne, Cancer, Emvirovmental
Health and Pollution Control (covering Vol, 1 through last volume
available in 1976) were examined.

Engineering Index - (covering 1940 through 1977, issue #3).

Biological Abstracta - [covering Vol. 1 (1927) through Vol. 61
1976) 1.

Other References Examined

1.

2,

Gleaaon’ M' N" R. E. GOIBQlin. Ho C. Ms.’ R' P. Smith' Clinical TOXi'*
cology of Commercial Products, Williams & Wilkins, Baltimore, 1969, 3rd Ed.

Browning, E., Toxicity & Metabolism of Industrial Sclvents, Elsevier
Publishing Company, New York, 1965.

53




3.

10.

]

11.
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12,

13,

14,
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15,

<y gt

17,

18.

API Toxicological Reviews, American Petroleum Institute, New York,
N. Yl ‘

Goodman, L. S., A, Gilman, The Pharmacological Basis of Therapeutics,
The Macmillan Company, New York, 1970 (Fourth Editiom).

Code of Federal Regulations, July 1, 1976.

AIHA Hygiene Guide, Cincinnati, American Industrial Hygiene Associa-
tiOn-

Parke, D. V., Biochemistry of Foreign Compounds, Pergamon Press,
Oxford, 1968,

Shepard, T, H., Catalog of Teratogenic Agents, The Johus Hopkins
University Press, Baltimore, 1973,

Fishbein, L., Chromatography of Environmental Hazards, Vol. 2,
Elsevier Publishing Company, New York, 1973,

Thienese, C. L., T. J. Haley, Clinical Toxicology, Lea and Febiger,
Philadelphia, 1972 (Fifth Edition).

Sax, N. 1., Dangerous Properties of Industrial Materials, van
Nostrand Reinhold Co., New York, 1975,

American Conference of Governmental Industrial Hygienists, Documen-
tation of the Threshold Limit Values for Substances in Workroom
Air, 1971 (Third Edition).

International Labour Office, Encyclopedia of Occupational Health
and Safety, McGraw-Hill Book Co., New York, 1971-1972,

The Chemical Socilety, TForeigu Compounds Hetabolism in Mammals,
Vol, 1 & 2, The Chemical Society, London, 1970 and 1972.

Committee on the Handbook of Biological Data, National Academy of
Sciences, National Research Council, Washington, D. C., Handbook

of Toxicology, Vol. 1-5, W. B, Saunders Co,, Philadelphia, 1959.
World Health Organization, IARC Monographs on the Evaluation of
Carcinogenic Risk of Chemicals to Man, Vol, 1-12, WHO, International

Agency for Research on Cancer, Lyon.

Patty, F. A. (Ed.), Industrial Hygiene and Toxicolopy, Interscience
Publishers, New York, 1963, second revised edition, Vol. 2.

kamilton, A., H. L. Hardy, Industrial Toxicclogy, Publighing Sciences
Group, Inc., Acton, Mass., 1974 (Third Edition),
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19,
20,
21,

22,
23,

24,

Kirk-Othmer, Encyclopedia of Chemical Technology, Interscience
Publishers, New York, 1972 (Second Edition).

Stecher, P, G,, Merck Index, Merck & Co.,, Rahway, N, J., 1968
(Eighth Edition).

Arena, J. M., Poisoning-Toxicology-Symptoms=Treatments, Charles C,
Thomas Publisher, Springfield, Illinois, 1974 (Third Edition)

National Institute for Occupational Safety and Health, Registry of
Toxic Effects of Chemical Substances, Government Printing Office,
Washington, D. C., 1975,

National Cancer Institute, Survey of Compounds which have been
tested for Carcinogenic Activity, DHEW Publication No. (NIH) 73-453,
Rockville, Md., 1973 (all volumes through 1972-73 volume).

The International Technical Information Institute, Toxic and Hazard-
ous Industrial Chemicals Safety Manual for Handling and Disposal
with Toxicity and Hazard Data, International Technical Information
Institute, Tokyo, 1975,

Organizations Contacted

1,

2,

7.

8.

10,

American Petroleum Institute, Washington, D. C,

National Institute of Occupational Safety and Health, Cincinnati,
Ohio.

U.S. Army Environmental Hygiene Agency, Edgewood Arsenal, Md.

U.5. Army Mobility Equipment R&D Center, Fuels & Lubricants,
Petroleum & Materiel Dept., Ft. Belvoir, Va.

U.S, Army Fuels & Lubricants Research Laboratory, Southwest Research
Institute, San Antornio, Texas.

Naval Environmental Hyglene Center, Cincinnati, Ohio.

U.S. Navy Medical R&D Command, National Naval Medical Center,
Bethesda’ Md.

Advisory Center for Toxicology, National Academy of Sciences,
Washington, D.C.

FMC Corporation, Ordnance Engineering Division, San Jose, Calif,

Teledyne Continental Motors, General Products Division, Muskegon,
Michigan.
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Persons Contacted

1.

2,

3.

S5

Baker, Lt. Charles,
Bureau of Medicine & Surgery
Dept. of the Navy
Washington, D, C. 20372
(202)-254=-4384

Baumel, Dr.
NIOSH
Rockville, Maryland
(301)-443-5290

Carpentexr, Dr. C. P.
Carnegie-Mellon Institute of Research
Carnegle-Mellen University
Pictsburgh, Pa. 15213
(412)=-327-1020

Crawl, Mr. James
U.S. Naval Environmental Hygiene Center
Cincinnati, Ohio

Doptis, Lt. Commander Leigh
Naval Medical R&D Command
National Naval Medical Center
Bethesda, Maryland 20014
(301)-295-1131 or (301)~-295-1028

Hathaway, Lt. Col, James
U.S., Army Environmental Hygiene Agency
. Aberdeen Proving Ground, -Maryland 21010
(301)-671-2304

Holdsworth, Dr, Charles, Toxicologist
Health Affairs
American Petroleum Institute
Washington, D, C.
(202)-457-7182

Johnston, Mr. Allan

U.S. Army Fuels & Lubricants Research labs,

Southwest Research Institute
San Antonio, Texas
(512)~684-5111

Le Pera, Mr.
Fuels & Lubricants
Petroleum & Materiel Department
U.S. Army Mobility Equipment R&D Center
Ft, Belvoir, VA
(703)~664-3413
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11.

12,

13.

14,

15,

16.

17,

18.

Martinez, Miss Clara
American Petroleum Institute
275 Madison Avenue, 9th Floor
New York, N. Y. 10016
(212)-685-1349

Miller, Mr. Lester
" Chemical Systems Laboratory
Research Division; Toxicology Branch
Aberdeen Proving Ground, Md. 21010
(301)-671-3557 ' '

Orrel, Mr, John
FMC Corporation
Ordnance Engineering Division
1105 Coleman Ave.
San Jose, Calif. 95108
(408)-239-0111

Owens, Mr. LEd
Chemical Systems Laboratory
Research Divisiony Toxicology Branch
Environmental Toxicology Section
Aberdeen Proving Ground, Md. 21010
(301)-671-2129

Richardson, Lt,
Ft, Sheridan, Illinois
(312)-926-2258

Stokinger, Dr. Herbert
Chief Toxicologist
NIOSH
Cincinnati, Ohioc 45202
(513)-684-8392

Taft, Mr. Richard
NIOSH
DTS, COSHI, IRAS, C~19
4676 Columbia Parkway
Cincinnati, Ohlo 45226

Wilson, Mr. Richard
Teledyne Continental Motors,
General Products Division
76 Getty Street,
Muskegon, Michigan 49442
(blb) - 734-2867

Winstead, Dr. Jack
Advisory Center for Toxicology
National Academy of Scilences
Washington, D. C.
(202)-393-8100
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