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Chapter 5
WATER SUPPLY ASHORE

Bection I. WATER SUPPLIES

Quantities of Water Required__._

Essential Phases of Water Sanitation_ ... .. __ -

Responsibility for Water Supply. -

5-1. The Problem of Pure Water

(1> A hygilenical'y saf» and continuously de-
pendable water supp., 8 one of the vital necessities
of life. Whater, like other natural resources, is pro-
cured as & raw material, manufactured into a com-
modity suitable for use, and distributed to places of
consuraption. In North American cities the design of
waterworks and their sanitary control by public
health agencies have been so deveioped that water
supplies today are pure and abundant. This has
been accomplished only at great expense, and the
safety of these municipal suppiics is ensured by the
erection of multiple barriers against the agencies of
disease and by uninterrupted vigilance against the
development of sanitary hazards. It is the responsi-
bility of the Navy Medical Department to make sure
that barriers to the spread of waterborne disease
in the Department of the Navy are adequate.

€2) Actually, drinking water must be free of dis-
ease-producing organisms, poisonous chemicals, and
objectionable color, odor, or taste. All untreated
water is considered unsate until approved by s
medical officer or his designated representative,

5-2. Bources of Water

(1) Water for naval stations in the United States
is often purchased from a nearby municipality.
8ince this is normally safe water, the water sanfta-
tion measures on the station are directed toward
prevention or discovery of defects in the distribution
system which might lead to contamination of the
product. Where municipal supplies are not avail-
sble or are inadequate, the Department of the Navy
builds and operates the complete system, which in-
cludes collection, purification, and distribution
works. Protection of the source and eontrol of
purificstion then assume an importance equaling
that of preventing recontamination during distri-
bution.

(23) The sources that may be utilised are rain-
water, ground water, surface water, Or sea water.
Oround water is commonly preferred, but is an un-
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reliable source hocause of the great uncertainty ss
to the quantiiy and quality of water that will be con-
tinuously available. Surface water is more generally
abundant and is more susceptible to quantitative
and qualitative study; 80 it 1s used for most large
supplies. Rainwater and sea water are used at ad-
vanced bases when surface and gronnd sources are
inadequate. The type of purification required de-
pends on the quality and uses of the water, and may
vary trom simple chlorination to elaborate treatment
to remove minerals as well as hactcria and other
organisms. The water purification works in perms-
nent stations are similar to munisipal plants.
Equipment for advanced bases, on the other hand, is
especially cosigned for mobllity and stmplicity of
operation. <

5-3. Quantities of Water Required

(1) The per capita consumption on ghove stations
depends on the climate, the standard of living main-
tained, and the extent $0 which water is weed for
industrial operation. On established bases with
adequate bathing and laundry facilities, water con-
sumption for all ordinary uses averages frem 78 %o
150 gallons per eapite dally (god). A figure of 100
gcd may be remambered as typioal. 7o this ameynt
must be added the quantities required for the opera-~

tion of water-consuming industries or for supplying

the fieet. The needa for fire fighting, where supplied
by the potable water system, are filled from shoved
reserves by means of pumping fecilities. Stored
water also compersates for the continual Sustue-
tions in demand, thus making possible the uniform
and economical operation of pumps and treatmait
works. The distribution system is designed t0 pro-
vide for peak quantitiss, which may exosed the
average by several hundred percent, and to supply
large quantitiss of water for fire Agbting where the
potable supply is used for this purpose.

(D) At sdvanced bases, water consumption gener-
ally reflects a oompromise between & desirable
sbundanse and & practical minimum for overseas
operstions. Rainwater and sea water are wsd of

8-1
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5-3 MANUAL OF NAVAL PRIVENTIVE MEDICINE 5-5

are inadequate. Water-treatment equipment is
especially designed for mobility and simplicity of

TLU smeunt of water provided at well-
m’wuuumm
‘89 gullons Sy eate dally. The guantity is-de-
crepsnd as the sWpply dificuities increass. Rforts

" great & preblem, sinee the quantity will vary from

10 galions per horse per day 10 0.5 gallon per vehicle
per day under desert conditions.

S-4. Essential Phases of Water Sanitation

(1) Waler sanitation measures may be divided
into the following categories:

(8) Selection of s raw-water source of good
quality and ons which is subject to reasonable pro-
tection from severe contamination. When water is
readily available in an area and all sources are free

(2) Use existing springs or wells next. The
quAlity of water from these sources is ususlly better
than from surface sources.

(3) If public or ground-water sources are not
readily avatlable, use surface-water sources such as
rivers, streams, lakes, or ponds.

(4) When other sources are niot available, dig
wells to use ground-water sources. Development of
new ground-water sources is not practical for troops
on the move. Por rear-echelon units, s ground-
water source is usually best, especially In areas
where surface-water sources are highly contami-
nated as, for example, in China, the Philippines,
India, Japan, and other parts of Asla.

(5) As & last resort, when no frash water
source can be found, use distiliation to purify ses
water.

(b) Design of supply and distribution works to
exclude contamination by -liminating all oonnec-
tions or openings through which nonpotable water
might be pumped, sucked, diverted, or flooded into
the potable water system.

(¢) Provision of adequate and well-designed
and maintained water purification facilities.

(d) Maintenance of proper obersting and lab-
oratary control of purification processes.

(¢) Proper disinfection of all new pipelines and
equipment and of all lines that have been opened for
repair or alteration.

() Routine analytical checks on the potability
of water to discover sanitary defects, supplemented
by prompt and positive corrective action when
indicated.

(g) Periodic inapections of sources, facilities,
and practices to ensure the effectiveness of water
sanitation. Failure to carry out any of the above
messures properly may permit, sooner or later, the
occurrence of that unfortunate combination of eir-
cumstances that produces waterborne epidemics.

5-5. Responsibility for Water Supply

(1) Where water-supply systems are concerned,
the Bureau of Medicine and Surgery determines
standards of environmental sanitation and other
measures for safeguarding the health of naval per-
sonnel. The Bureau of Yards and Docks, the Marine
Corps., and other cognizant bureaus comply with
requirements of the Bureau of Medicine and Sur-
gery and, so far as practicable, with State and local
health and sanitation laws and ordinances. The
buresu having management control of a shore ac-
tivity where water-supply systems are located spon-
sors all projects in connection therewith. The
Buresu of Yards and Docks is responsible for plan-
ning the structural features and for determining
the character and adequacy of construction mate.
rials used for water-supply systems. In designing
and constructing such a system, the Bureau of Yards
and Docks provides facllities capable of meeting the
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5-8 CHAPTER 5. WATER SUPFLY ASHORS 5-6

water requirements of the management-control
bureau.

(2) The commanding officer is responsible for all
phases o wa.r supply. On continental and over-
seas shore stations, he is assisted by the public works
officer or maintenance officer and medical officer. At
Navy Installstiors the public works officer i3 re-

managed installations the maintenance officer is
responsible for the operation and maintenance of
the waterworks. The medical officer, assisted by
his sanitation officer or environmental sanitation
technicians, has the responsibility of advising when
any phase of water sanitation is unsatisfactory and
of recommending corrective measures. Under nor-
mal conditions, adequate protection of water quality
can be obtained through cooperation of the medical
officer and the public works officer or msintenance
officer. It is wise, however, to confirm recommenda-
tions and actions in written communications to the
officer.

(3) The medical officer's responaibiiity for water
supply in the fleld and on advanced beses varies
greatly with the situation. During the initial phase
of amphibious operations, each unit may either carry
its own water or depend on local suppliss disinfected
in Lyster bags and canteens. The responsibility for
the adegquacy and safety cf the water under these
conditions falls Jargely on the unit medical officer.
He must take part in (nitial plans for operations
and arrangements for supplies and must indoctrinate
all hands in the fundamentals of water sanitation
and water discipline. The unit commander may de-
pend upon the recommendstions of the medical
officer In locating sources of water and supervising
its treatment and distribution. When filtration or
distillation equipment has been brought in by the
Marine engineers or by the construction battalions,
the responaibility for water treatment shifts to these
organizations, thus reducing the need for such close
supervigion by the medical officers or their repre-
sentatives. Later on, when the advanced base has
been well established, the normal division of re-
sponsibility between the public works or engineer
officer and the medical officer develops.

(4) Satisfactory water sanitation in the field rests
almost entirely on thorough planning and prepara-
tion. All unanticipated problems must be solved
on the spot. A report of difficulties or failures may.
however, lead to improvements in preparations for
later operations.

5-8. Chlorine Residuals in Water SBupplies

(1) 8ix major varisbles have been shown to affect
the eficacy of chilorine disinfection:
(a) ‘he types and concentrations of the chlorine
form present,
(b) the equilibrium relationships betwesn oo~

Angust 1968

existent chlorine forms (governed largely by the pH
of the water),

(c) the type and density of organism (virus,
bacteris, protosoe, helminth, ets.) and their species
resistivity to chilorine,

(@) the tizae of contast of the organiem with
the chlorine,

() the temperature of the water, as it deter-
mines both the rate of reaction of chlorine eom-
pounds and the rate of kill of organisms, and

(1) the conocentration of substanoces whose rapid
oxidation by chiorine s manifested as & “chlorine
demand.” .

(2) It is generally accepted that, of the water-
borne dissases, those whose causative organisms are
bacteria are the most readily suscsptible to chlorine
disinfestion. On the other hand, the cysts of
Endamoeds histolytios are the maest resistant.
Therefore, two parallel recommendations for re-
sidual chiorine are made, the lower ane sufficient
for bactericidal purposes and the higher ome suf-
ficient for cysticidal purposes. ‘The former should
be routinely used for all water supplies where only
waterborne bacteria are likely to be pressnt. The
latter should be instituted as the prevailing chleri-

residual should be practioed as widely as possible.

(4) Figure -1 shows a single line Sor bactericidal
chlorine residuals over the temperaiure range 0°—
25° C. The same is true for bastoricidal ohloraraine
residuals. Also shown on figure 5-1 are curvas for
cysticidal residual for free chlorine for the low and
normal temperature ranges. Figures $-3 (2°-3° C.)
and 5-3 (22°-28° C.) are supplementary charts in-
dicating the length of contact time required for
cysticidal kill with stated residuals at stated pH
values. '

(5) It is emphasised that the only true guide to
proper chiorination is the bacteriological quality of
the finished produst. ‘The adoption and mainte-
nance of minimum chlorine residuals should not
minimise and can never repiace becteriologioal
anslysis as the true measure of potabliity. Omuly
during actual or potential outbreaks of waterborne
diseases is the applisation of chlorine residual
throughout the entire water-distridution system
fully justified. During such periods the residual eon-
centration should be maintained at levels higher
than those maintained in routine practice.

5-3
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Figare 5-2.-Minimum contact time required for free chlovine residual
to effect complete kill of Endamoeba histolytica iu uaterally clesr
or filtered waters a 2° - $° C. 3
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Section II. WATER SOUROCES

5-11. Types of Water Sources
(1) A satisfactory water source is one with a nat-

ural supply of water large enough to supply sll needs
of using troops, and of such quality that it can be
readily purified by available equipment. Sources are
clsssified as follows:

() Rainwater: catchment.

(b) Ground water: wells and springs.

(¢) Surface water: streams, ponds, lakes, and
rivers.

(d) Sea water: distillation.

(e) Dew: condensation on cool surfaces.

(1) Vegetation: coconut, wild pineapple, and
Acus.

(g} Bnow and ice: heat.

(2) The types of water sources most frequently

found in various climates are listed beiow:

(a) Humid, iemperste climate: surtace and
ground water.

(b) Arid climate: ground water and minor
sources.

(¢) Tropical climate. surface water, ground
water, and minor sources.

(d) Coral islands: ground and sea water.

(e) Arctic climate: surface water, ice, and snow.

5-12. Bainwater

(1) Becsuse of its freedom from minerals (soft-
ness), rainwater is frequently useful for cooking,
bathing, and for laundry use and bollers. However,
it lacks palatability and may contain dissolved gases
as well as dust particles and bacteria swept from the
air. As a source of fresh water it is important only
on small islands or in isolated places where ground
water is salty and surface water inadoquate. Under
these conditions, where the requirements are small
and precipitation heavy, rain may furnish an ade-
quate supply for all uses. In many places it will
prove valusble In augmenting the supplies from
other sources. Rainwater, however, is subject to the
same quality controls as other sources of drinking
water.

(2) Rainwster is collected from the usual type of
impervious surfaces such as roofs, ooncrete pave-
ments and aprons, and barren rocks or from areas
rendered impervious by suitable paring.
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The volume derived depends on the catchment
area and on the amount of rainfall A rule of
thumb for the volume in gallons that may be recov-
ered from an impervious surfasce equals the horison-
tal area in square feet muitiplied by one half the
reinfall in inches. In order t0 make this amount of
water available, storage must be provided to hold
water for use during the periods between rains.

Rainwater may be stored either above or below
ground in any convenient taik or container. Stcr-
{ng rainwater in underground cisterns reduces evapo-
ration and keeps the water cooler and consequantly
more palatable. Storage receptacles should be pro-
tected from dust and dirt, and from contamination
by polluted surface or ground water. They should
be covered or screened to prevent mosguito breed-
ing or the entrance of vermin.

<3) The surfaces trom which rain is collected are
usually subject to contamination by birds, animals,
and dust, and, if at ground level, by human wastes.
The first rain which falls during & storm flushes
these substances from the surface and consequently
should be diverted to waste. To avold any possi-
bility of unsafe drinking water being provided, rain-
water should always be considered unsafe and should
be treated socordingly--by filtration, if possible,
and always by chlorination 30 that the quality will
conform to the standards established for drinking
water from other sources.

5-13. Ground Water

(1) Water in the interstices of saturated earth
and rock is known as ground water. The water
table is the upper lovel of the sone of saturation or
the level at which water stands in wells. The
ground-water body is fed by infiltaation of rain and
melting snow and is deplsted by flow from springs,
withdrawals from wells, and seepage into swamps
and streams. No more water can be continuously
taken from the ground than that amount whioch
enters by infiltration from the surface. The rate of
Iateral movement through the ground, and thus the
rate of withdrawal from the wells, is governed by
the porosity of the earth. Large yields of ground
water are obtained from properly constructed wells
penetrating beds of gravel and ocoarse sand or

8-7
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creviced and cavernous rook. Wells in clay or dense
unfractured rook yield little water. Artesian waters
rise from porous streta overlaid by confining beds of
mpervious clay or roock.

(2) Presh ground water on volcanic or coral is-
fands usuelly cecurs as & lens floating on the salt
water. The flushing actia. of fresh accretions of
rainwater from the surfaoce wad the elevation of the
water table above soa level holds back the salty
water. The recovery of this water is best acoom-
plished by means of wells dug on high ground near
the center of the fsland. If possible, the water
should be removed at low tide by a skimming process
or by mailtiple low yield wells which will prevent
lowering the water table sufficiently to pull salt
water up from below. Brackish water will appear in
these wells if the level is drawn down to or below
sea level for any considerable period of time. A
broad shallow well in coral, a tunnel or gallery into
wvoleanic rock, not extending below sea level, will
prevent excessive drawing on the well.

(3) The quality of ground water is determined by
the physical characteristics of the ground through
which it passes, the surface topography, the land
usage or environment, and the time of storage in
the water-bearing formations that are unsuitable
for the maintenance of bacterial life. The normal
sofl-percolation processes fllter out suspended mat-
ter and bacteria, but at the same time add chemicals
that sometimes require extensive treatment to elimi-
nate. Bacterial activity in the soil removes organic
matter and replaces the oxygen with carbon dioxide
generated by decomposition. The carbon dioxide
renders the water weakly acid, and in the presence
of limestone, coral, or other soluble rock the mineral
content of ground water may rise to high le’els. In
areas where cavernous limestone or volctaic rock
are near the surface, water may enter through sink-
holes, flssures, and other openings. This water re-
tains the objectionable characteristics of surface
water, such as high turbidity and bacterial content,
and its character is little improved by movement
through open passages in the rock. The presence of
free-flowing channels in the ground or & rise in tur-
bidity of ground water following rains are danger
signals.

(4) Many wells are subject to pollution either
through open formations in the ground, by leakage
from the surface down outside the casing, through
perforations in the casing as corrosion progresses, or
through the top of the casing not properly fitted
with an adequate well seal. The degree of pollution,
of course, depends upon the construction of the well,
the depth of the well, the type of pumping equip-
ment, and the strata of the subsoil in which the well
is constructed. Well water, therefore, should be
adequately chlorinated.

5-8

5—14. Surface Water

(1) Surface-water supplies are obtained from
rivers, streams, lakes, ponds, and pools. S8ince the
amount and quality of water available from a sur-
face source varies widely as the season changes, it
may be necessary to investigate the history and
habits of & stream or lake before placing too much
dependence upon it. Elaborate hydrological studies
should precede the choice of the source for a large
supply.

(2) Surface sources are supplied by runoff follow-
ing storms and by the fiow or seepage of water from
the ground. During rainy weather streams are
turbid and polluted with material washed from the
ground surface. Because of the rapid movement
and interference with natural purifying processes
during floods, sewage and other contamination may
be carried for long distances. Dry-weather flow
consists primarily of ground water; so streams are
clear and mcre highly mineralized during dry pe-
riods. Self-purification proceases are most active in
& clear stream, and, though the dilution of sewage
and other wastes is reduced during dry weather, the
recovery of stream purity may take place in a rela-
tively shorter stretch of channel. A normally slug-
gish stream is high in organic matter and may be
odorous because of dense algae growths and the
formation of sludge banks. Such streams are poorer
sources for a water s.pply than are clear swiftly
running streams, particularly those mountain
streams and lakes remote from inhabited areas.
However, little credence should be placed in arbi-
trary statements such as “running water purifies it-
self in 15, or 20, or 100 feet,” because such a state-
ment is misleading, as nothing is known of the
amount of contamination, sedimentation. aeration,
or dilution.

(3) Surface water must always be disinfected and
should receive such additional treatment as the situ-
ation permits to render it free of turbidity, tastes,
and odor. In areas where amebiasis is prevalent,
all water should be filtered and chlorinated as de-
scribed in art. 5-8 or, where this is impossible, should
be either botiled or disinfected with jodine.

5-15. Sea Water

(1) The sea serves as the major source of water
for the fleet. Ashore, it is utilized only in the ab-
sence of adequate fresh-water sources. Sea water
contains up to 37,000 parts per million of dissolved
#alts which must be removed by distillation. Since
shallow coastal water may carry considerable or-
ganic material and turbidity, or be polluted with ofl
or other wastes, it may be desirable to settle sea
water before pumping it to stills located on the
beaches. Advantage may be taken of natural fiitra-
tion and the diluting effect of ground water by dis-
tilling water withdrawn from shallow wells located
along the shore. Bince distillation is an expensive
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5-15 CHAPTER 5. WATER SUPPLY ASHORE 5-20

process, all available fresh-water aources should be
fully utilizsed as soon as the military situation
permits.

5-16. Dew

(1) Although of insignificance as & source of
water for field units, the condensed dew on cool sur-
faces has been collected and used by individuals for
survival in cases of extreme emergency and hard-
ship.

5-17. Vegetation

(1) Coconuts, wild pineappile, and certain species
of cactus have been utilizsed for survival by individ-
uals and small units in emergencies.

5-18. Snow and Ice

(1) While almost any place in the Arctic will be
near water in one form or another at sometime of
the year, the provision of an adequate and safe-
water supply for more than 50 men is likely to be &
major problem. Potential sources are streams, lakes
and ponds, glaciers, fresh-water ice, last year's sea
ice, and snow. Preshly frozen sea ice is salty, but
year-old sea ice has the salt leached out. It is well to
test freshly frozen ice when looking for water. In
some areas where tidal action and currents are small,
there is a layer of fresh water lying on top of the ice.
The lower layers may still contain salt. In some
cases, this layer of fresh water may be 2 to 4 feet
in depth. If possible, get water from running
streams or lakes instesd of melting ice or snow. Be
sure that the stream or lake selected is deep enough
to prevent freezing to the bottom. Melting ice or
snow wastes fuel. In winter cut a hole through the
ice of a stream or lake to get water. Cover the hole
with snow blocks or loose snow to retard freezing.
In extremely cold weather break the water hole open
at frequent intervals. Mark the water hole with a
stick or other marker which will not be covered by
drifting snow. Water is abundant during the sum-
mer in lakes, ponds, or rivers. The milky water of &
glacial stream is not harmful. Let it stand in a con-
tainer until the coarser sediment settles. REMEM-
BER: Winter or summer, purify water from ponds,
lakes, or streams by boiling or by chemical treat-
ment.

(2) When waier 15 not available, it will be neces-
sary to get v-ater by melting snow or ice. To save
fuel, use ice or the most compact snow available.
Gather snow only from areas which have not been
contaminated by men or animals. Ice sources are
frozen rivers or ponds, glaciers, icebergs, or old ses
ice. Old ses ice is rounded where broken and is
iikely to be pitted and to have pools on it. Its under-
water part has a bluish appearance. Fresh sea ice
has s milky appearance and is angular where
broken. Avoid burning the bottom of a melting pot
by “priming.” Place a small quantity of water in the
bottom of the pot and add snow graduslly. If water
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is not availabls, hold the pot in the hand near the
stove and meit a small quantity of snow in the bottom
of the pot before filling # with snow. Compact the
snow in the melting pot and stir it occasionally to
prevent burning the bottom of the pot. Ksep pots of
anow or ioe on the stove when not oooking so &s ¢0
have water availabie when nesded. Plle snow or
oe to be melted just outside the tent and being it in
as neoded. Purify the water by bolling or by chemi-
cal treatment.

(3) An excellent informstional secies of opers-
tional briefs is given in reference 3.

5-19. Selection of Source

(1) The choice of a water source is influenced
by quantity, quality, ease of procurement, ease of
purification, and other factors. Supplies for perma-
nent shore stations sre usually selocted on the basis
of detailed engineering studies of all reasonably
promising sources. However, during milttary opers-
tions, & hasty estimate of quality and adequacy of
a source may be all that is possible. A water recon-
naissance is usually made to find and look over svall-
able sources and to select that which appears to be
most suitable.

(2) The considerations of qusality which merit
study are:

() Freedom from contamination by sewage
and other wastes and from enemy pollution by
chemical, biological, or radiological materials.

(b) Freedom from turbidity, color, and taste.

(c) Freedom from excessive amounts of or-
ganic and mineral substances.

(3) There is a tendency, based probably on reec-
reational experience, to locate military camps along
stream banks or close to shore even though the
health hazards may be much greater in these areas
than on high and dry ground not far distant. In
planning camps and bases in the Tropics, too much
importance should not be given to the convenience
of locating near a source of water. The effort re-
quired to pipe or haul water to healthier sites may
be insignificant when compared with the difficulty
and expense of controlling insects in the swampy
areas along a water oourse.

5~-20. Recreational Use of Watersheds

(1) Frequently, because of putiic-relation oon-
siderations, the question of using watershed streams
or reservoirs for recreational purposes, i. e, fishing,
boating, picnicking, and bathing, will arise for local
command decision. The most realistic decision will
result in considering the presence or absence of an
effective flltration process in the local water-supply
systemy. The reservoir should not be used for rec-
reational purposes if filtration is not a part of purifi-
cation, and tedimentation resulting from storage
in reservoirs followed by chlorination is the oaly
safeguard provided.
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» Section III. WATER FROM MUNICIPAL SOURCES

St

» 7F
5-81. Quality of Municipal Water

(1) Hygienically pure and esthetically pleasing
water ‘s suppiied in practically all American com-
munities having public water-supply systems.
Waler congdiiers have grown to expect a palatable
as well as a safe water and are ready with com-
plaints whenever water has a alightly unpleasant
taste. With few exceptions, municipal supplies in
the United States are palatable and meet the quality
standards of the Department of HEW, Public Health
Service. This situation does not prevail widely out-
side the United States. All water supplied from

public abroad should be considered of doubt-
m?"ﬂu should be tested and, if necessary,
ected.

5-23. Responsibility of the City

(1) When municipal water is purchased for a
naval or Marine Corps installation, the city is under
legal obligation to deliver water that is pure and
safe from possible contamination. The city is not
obiiged, however, to deliver water containing a resid-
ual disinfecting agent. If free chlorine is used to
disinfect water at the purification plant, mainte-
nance of residuals at distant points In the system
may be impossible without so charging the water
with chlorine that it would be unfit for use in areas
nesr the point of chlorination. When the ammonia-
chlorine process is used, residual action may be
maintained more easily, but disinfection is less cer-
tain because of the relative ineffectiveness of
chloramines, which necessitates maintaining the
chloramine residual at a much higher level.

¢{3) The city is responsible for protecting the pu-
rity of water throughout its distribution system. It

Section IV. ANALYSES AND STANDARDS
Water Analyses and Standards___________ '

5-31. Water Analyses and Standards

(1) The term ‘‘safety” as applied to potable water
indicates the degree of reliability of the measures
used to assure s supply uniformly high in quality.
The safety of a supply depends on the protection of
the source; the purification processes used and the
excellence of their design and operation; the proper
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is well recognized that cross-connections with pol-
luted supplies constitute a danger to the health of
the community. Police power regulations are, there-
fore, in force almost everywhere forbidding or con-
trolling such cross-connections and giving represen-
tatives of the municipality the right to inspect points
of possible cross-connections on the consumer’s
property and the right to discontinue the public
supply when improper cross-connections are found.

(3) In order to assure the safety of the water, the
eity or other water-supply agency usually samples
and tests the water with reasonable frequency at
points distributed throughout the system, and, on
request, supplies the results of these analyses to
consumers. The city’s waterworks system and its
operating practices are normally open to inspection
and review.

5-23. Responsibility of the Department
of the Navy

(1) The Department of the Navy is responsible for
the protection of the purity of the water during its
distribution on its premises. It is further obligated
to permit periodic inspections by representatives of
the agency charged with protecting the public sup-
ply. The Department of the Navy is entitled to de-
mand delivery to its premises of a pure, wholesome,
and safe water and should carry out laboratory tests
of water at the point of delivery when there is
question as to the quality of water purchased. Con-
versely, when a Navy or Marine Corps instaliation
provides water to a neighboring activity or com-
munity, the installation is responsible for maintain-
ing standards as prescribed by the Public Health
Service.

design, construction, maintenance, and operation of
pumping stations, reservoirs, and distribution sys-
tems; and the absence of cross-connections or other
means whereby nonpotable water may enter the
system. The safety of a water supply Is judged by:

(a) Perlodic surveys of all physical features of
a water system and an investigation of operating
maintenance practices; and
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(b) Routine laboratory analyses of water
quality.

(2) Two types of quality standards are used in
water sanitation practice:

(a) Standards for certifying public supplies on
the bases of numerous past laboratory analyses; and

(b) Standards for judging the current safety
of & supply from the individual test results.

(3) The bacteriological examinations recognised
as being of most value are:

(a) The count of total colonies developing on
agar in 24 hours at 35° C. Plate counts, when regu-
larly made, are useful in controlling water purifica-
tion processes and in determining the current safety
of a water supply. The mistake should not be msde,
however, of condemning the water on the basis of &
high plate count alone, since water is costly and
sometimes difficult to obtain. A far better policy
is to recommend immediate chlorination. Bacterial
growths not necessarily pathogenic, particularly in
warmer climates, may be quite rapid, but are ususlly
readily controlled by frequent and routine chlorina-
tion. .

(b) The quantitative estimation of organisms
of the coliform group. The test for the coliform
group (art. 5-32) is the most significant because it
affords the most nearly specific test for the pres-
ence of fecal contamination. Only this test is in-
cluded in the bacteriological standards recom-
mended by the Public Health Service.

(4) The results of routine bacteriological tests of
samples of water cannot be regarded as providing
complete or final information concerning the quality
of the water. Bacteriological results must be con-
sidered in the light of information available con-
cerning the sanitary conditions surrounding the
source of any particular sample. Precise evalua-
tion of the quality of a water supply can be made
only when the results of laboratory examinations
of the water are interpreted in the light of such
sanitary data.

(5) The standards adopted by the Public Health
Service for drinking and culinary water supplied by
common carriers in interstate commerce are used
throughout the United States for certification of
water supplies and for judging the past perform-
ance of sanitation measures. Public Health Service
Drinking Water Standards, 1962, PHS Publication
No. 956, are now a part of the Interstate Quaran-
tine Regulations. The numerical values specified
in the Public Health Standards are such that com-
munities with reasonably safe supplies can quality
to furnish water for common carriers. The reason-
ing behind the preparation of these Standards was
that persons from such communities are entitled
to be served, while on interstate travel, water of &
quality equal to that of the water they receive at
home. A lack of understanding of the background
and purpose of the Public Health Service Standards
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has lead to some criticism, particularly when an
attempt has been made to use thess standsrds for
judging the significance of individual test results.
APPENDIX A of this chapter is the appendix of PHS
Drinking Water Standards, 1962, less reference date.
This appendix contains background information
used in developing the 1962 Drinking Water Stand-
ards. (A copy may be obtained from Superintandent
of Documents, US. Government Printing Office,
Washington, D.C., 20402—price 30 cents.)

(8) The Department of Defense has directed that
the standards for water used for drinking and eul-
inary purposes by the Department of the Navy will
‘be those standards promulgated by the United States
Department of HEW, Public Health Service, ag may
be modified by the Chief, Bureau of Medicine and
Surgery, or a8 may be modified by competent au-
thority for purposes of international agreement.
The Naval Tripartite Standardization Agreement
ABC-NAVY-STD-23 was promulgated by OMM In-
struction 5711.9 dated 16 May 1958 and BUMED
Instruction 5711.2 dated 30 January 1959, the ob-
Ject of which is to provide the United States Navy *,
the Royal Navy and the Royal Canadian Navy as-
surance that drinking and culinary water delivered
to each other’s ships from installations under their
cognizance meets certaln minimum standards of
quality.

(7) The membrane filter procedure for the bac-
teriological examination of water was developed in
Germany during World War II. Following an ex-
tensive study of the application of this procedure
t. the routine examination of water supplies, the
membrane filter technique was included as a tenta-
tive method in the tenth edition of the APHA
STANDARD METHODS for the Eramination of
Water and Wastewater. With full consideration of
the limitations of the membrane fiiter technique as
discussed below, it is here designated a standard
method for the bacteriological examination of water
and sewage, and for related problems. It may be
used for determining the potability of a given water
after adequate parallel testing has demonstrated
that it yields, for the particular water, information
equal to that from the muiltiple-tube fermentation
procedure relative to the sanitary quality of the
water supply. Since 1955 the membrane filter pro-
cedure has been the subject of wide discussion and
investigation. From the accumulated research data
it may be concluded that:

(a) The membrane filter technique provides a
means for improved control of water quality in water
treatment plants and oulicr laboratories since (1)
it has a higher degree of precision (reproducibility)
than the multiple-tube fermentation test; (2) it per-
mits the examination of much larger volumes of
sample than the multiple-tube test, with increased

*Also spplicable to Marins Oorps inatallations.
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omsitivity in celiform detection; and (3) definitive

‘resulie are obinined in 8 shorter time than with

the multipie-tuke procedure.

M) The mambranse filter methed permits Seld
freiinn of the sample and shipment of the filters
® the Iabsvatory on & preservative medium.

(¢) The mambrane filter technique may be ap-
plicable in disasters and in emergencies such as arise
froms hroksn water mains, where the time which
olapsss before results of examination are available
15 an important consideration in the prompt initia-
tion of corrective treatments.

(@) The membrane filler test at present has
dafinite limitations. There are areas of applioa-
tiom not usually associsted with potable water sup-
pliss where the method cannot be accepted as o satis-
fastory alternative to the multiple-tube fermenta-
tHon technique:

1. In waters with turbidity due io algas or
other material, clogging or filring of the fiiter will
preciude the testing of a sufficiently large volume of
sample to provide a reliable indication of coliform
denaity and will interfere with the development of
characteristic oolonies of coliform bacteria during
incubation.

2. In waters with a high density of noncoli-
form organiams, the ratio of membrane filter density
estimates t0 MPN estimates will be excessively low.
Thase discrepancies may be caused by specific char-
acteristics of microorganisms in the sample, inhibi-
tory action of the medium, or peculiarities of the
water tested, such as the presence of heavy-metal
jons, other toxic substances, or high natural tem-
peratures.

(e) The fleld filtration modification of this
technique is particularly valuable for routine control
and field work.

5-32. Drinking Water Standards

(1) Definition of Terms—The following terms are
defined for clarification In interpretation of the
Standards.

(n) Adeguate protection by natural megns in-
volves one or more of the following processes of
nature that produce water consistently meeting the
requirements of these Standards: dilution, storage,
sedimeniation, sunlight, asration, and the associated
Physical and blological process which tend to ac-
complish natural purificzstion in surface waters and,
in the case of ground waters, the natural purifica-
tion of water by infiltration through soil and per-
colation through underlying material and storage
below the ground water table.

(b) Adeguate protection by treatment means
any one or any combination of the controlled proc-
eases of coagulation, sedimentation, absorption, fil-
tration, disinfection, or other processes which
produce & water consistently meeting the require-
ments of these Standards. This protection also
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includes processes which are appropriate to the
source of supply; works which are of adequate capac-
ity to meet maximum demands without creating
health hasards, and which are located, designed,
and constructed to eliminate or prevent pollution;
and oonscientious operation by well-trained and
competent personnel whose qualifications are com-
mensurate with the responsibilities of the position.

(¢) The coliform group includes all organisms
considered in the coliform group as set forth in
STANDARD METHODS jor the Examination of
Water and Wastewater, current edition, prepared
and published jointly by the American Public Realth
Association, American Water Works Association,
and Water Pollution Control Federation. (Defini-
tion of the coliform group in the eleventh edition:
The coliform group includes all of the aerobic and
facultative anaerobic, Gram-negative. nonspore-
forming, rod-shaped bacteria which ferment lactose
with gas formation within 48 hours at 35° C.)

(d) Health hazards mean any conditions, de-
vices, or practices in the water supply system and its
operation which create, or may create, a danger to
to the health and well-being of the water consumer.
An example of & health hazard is a structural defect
in the water subply system, whether of location,
design, or construction, which may regularly or
occasionally prevent satisfactory purification of the
water supply or cause it to be polluted from extra-
neous sources.

(e) Pollution, as used in these Standards, means
the presence of any foreign substance (organic, in-
organic, radiological, or bloloziezl) in water which
tends to degrade its quality so as to constitute a
hazard or impair the usefulness of the water.

(f) The standard sample for the bacteriological
test shall consist of :

1. For the bacteriological fermentation tube
test, 5 standard portions of either:
a. 10 milliliters
b. 100 milliliters
2. For the membrane fiiter technique, not
less than 80 miliiliters.

(g) Water supply system includes the works
and auxiliaries for collection, treatment, storage,
and distribution of the water from the sources
of supply to the free-flowing outlet of the ultimate
consumer.

(2) Source and Protection.

(a) The water supply should be obtained from
the most desirable source which is feasible, and
effort should be made to prevent or control pollution
of the source. If the source is not adequately pro-
tected by natural means, the supply shall be ade-
quately protected by treatment.

(b) Frequent sanitary surveys shall be made of
the water supply system to locate and identify
health hasards which might exist in the system.
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(c) Approval of water supplies shall be de-
pendent in part upon:

1. Enforcement of rules and regulations to
prevent development of health hasards;

2. Adequate protection of the water quality
throughout all parts of the system, as demonstrated
by frequent surveys;

3. Proper operation of the water supply sys-
tem under the responsible charge of personnel
whose qualifications are acceptable to the Bureau
of Yards and Docks, the Bureau of Ships, or the
Marine Corps, as appropriate; o,

4. Adequate capacity to meet peak demands
without development of low pressures or other health
hasards; and

§. Record of laboratory examinstions show-
ing consistent compliance with the water quality
requirements of these Standards.

(3) Bacteriologica” Quality.
(a) Sampling.

1. Compliance with the bacteriological re-
quirements of these Standards shall be based on
examinations of samples collected at representative
points throughout the distribution system. The
frequency of sampling and the location of sampling
points shall be established jointly by the station
medical officer and the public works officer, or other
competent authority, after investigation of the
sources, method of treatment, and protection of the
water concerned.

2. Minimum numbers of samples to be col-
lected from the distribution system: One (1) sample
at varying points in the distribution system serving
up to 7.500 persons, weekly. One (1) additional
sample for each additional 500 persons, or fraction
thereof, monthly. One (1) sample of the effuent at
s treatment plant or chlorination station, monthly.
Sampling points shall be scheduled to cover the
entire system. It is recommended that more fre-
quent samples be oollected for baecteriologicul
analysis.

3. Daily samples collected following a bac-
teriologically unsatisfactory sample as provided in
art. 5-32(3) (b) ghall be considered as spocial sam-
ples and shall not be included in the total number
of samples examined. Neither shall such special
samples be used as & basis for prohibiting the sup-
ply, provided that: (1) When waters of unknown
quality are being examined, simnitancous tests are
made on multiple portions of s geomaetric series to
determine a definitive ocoliform content; (2) Imme-
diate and active efforts are made to locate the cause
of pollution; (3) I'mmediate action is taken to elimi-
nate the cause; and (4) Samples taken following
such remedial action are satisfactory.

(b) Limits.

1. The presence of organisms of the coliform
group as indicated by samples examined shall not
exceed the following limits:
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q. When 10 ml standard portions are
examined, not more than 10 peresnt in any menéh
shall show the presence of the ooliform group.: The
presence of the coliform group in $ or move 10 Ml
musmmmuu“
it this oocurs:

) maeonmunnnnl-

() In more than 1 sampis per momn
when less than 20 are examined per month; or

(3) In more than § peroent of fhe sam-
ples when 20 or more are examined per ssonth,

When organisms of the coliform group coour in 3
or more of the 10 ml. portions of & single standard

results obtained from at least 2 coneecutive samples
show the water to be of satisfactory guality.
b.When 100 ml standard portions are
examined, not more than 60 percent in any month
shall show the presence of the ooliform group. The
presence of the coliform group in all 8 of the 100
ml. portions of a standard sample shall not be
allowable if this cocurs:
(1) In 2 consecutive sampies;
(2) In more than ! ssmple per month
when less than § are examined per month; or
(3) In more than 20 percent of the sam-
ples when § or more are examiaed per month.

When organirms of the coliform group ogour in all
B of the 100 . portions of s single standard sample,
daily samples from the same sampling point shall
be collected promptly and examined until the results
obtained from at least 2 consecutive samples show
the water to be of satisfactory quality.
¢. When the membrane filter technique is

used, the arithmetic mean ooliform density of all
standard samples examined per month shall not ex-
oceed 1 per 100 ml. Coliform colonies per standard
sample shall not exceed 3/30 mi, 4/100 ml., 7/200
ml., or 13/600 ml. in:

(1) Two consecutive samples;

(2) More than 1 standard sample when
less than 20 are examined per month; or

(3) More than 8§ percent of the standard
samples when 20 or more are examined per month.

When coliform colonies in & single standard sample
exceed the sbhove values, daily samples from the
same sampling point shall be collected promptly and
examined until the results obtained from at least 2
oonsecutive samples show the water to be of satis-
factory quality.

(4) Physical characteristics.

(a) Sampling. The frequency of sampling shall
be jointly established by the station medioal officer
and the public works officer. Under normal cir-
cumstances sampies shall be collected one or more
times per year from representative points in the dis-
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Turbiiily. § units
Celor. .. 18 units
Threthold Odor Rumber. ... ... ]
(8) Chemicel cherscteristics.
(a) Sampling.

(1) analysis bi-annually; and of one (1) analysis
from each well to one (1) composite sample from all
wells, by competent authority.

2. If however, there is some presumption of

(b)m Drinking water shall not contain
impurities in concentrations which may be hasard-
ous to the bealth of the consumers. It should not
be excessively corrosive to the water supply system.
Substances used in its treatment shall not remain
in the water in concentrations greater than required
by good practice. Substances which may have
deleterious physiological effect, or for which physi-
olegical effects are not known, shall not be intro-
duced into the system in a manner which would
permit them to reach the consumer.

1. The following chemical substances should
not be present in a water supply in excess of the
listed concentrations where, in the judgment of the

Bureau of Yards and Docks, the Bureau of Medicine
and Surgery, or the Marine Corps, other more suit-
able supplies are or can be made available.

Concentration
Substencs n mell (ppm)
Al.z}n’nm Bulfonate (ABS). 0.5
An oni-(lb)‘ ................ 0.01
Areenic (As)...___.____.______. 0.01
ghloﬂdz 0(3)1) .................. 250.
Om Chloroform Extract
o0®). ... ... 0 9
gz:nﬂo oM. ..
oride (™). ___.___._____..__.. (Bee 5-8!(6) (b)S)
Iron (Pe) ... ... .o
Mn) . ... 0 05
Nitrate: (Woo)_._. ____...._..._ 45.
Phenols____.____ . __________.. o 001
Bulfate (80, . ... ___._.____._. 280.
Total Dissolved Solids__________ 500.
Zine (Zn)_ e 8.

*Not contained in Drink Water Standards but this limit was
determined by the Publie {{ealth Service and the Buresu of Medicine snd

areas in which the nitrate content of water is known to be in excess
of lha listed concentration, the public should be warned of the potential
dangers of using the water for infant fseding.
2. The presence of the following substances
in excess of the concentrations listed shall constitute
grounds for rejection of the supply:

Concentration
Substance in mg/l (ppm)
Antimony (8b)*_.__ . _.__..___ 0.086
Arsenic (As)__.______.__________ 0.06
Barium (Ba)._ ... _.______._____. 1.0
Cedmium (Cd).____ ... __.__._. 0.01
ghromlu(m (Eexnn.lmt) (Orty) . . 825
tru.:rll‘;!o [0 . J (Bee 5-32(5)(b)3)
Lead Pb)________________.._.__ 0.06
Selenium (Be)___._ . ___._______ 0.01
Bilver (Ag)_ ... ... ... 0.05

*Not contained in Drinking Water Standards but this limit was
determined by the Public Health Service and the Bureau of Medicine
and Surgery.

3. Fluoride. When fluoride is naturally pres-
ent in drinking water, the concentration should not
average more than the appropriate upper limit in
the following table I. Presence of fluoride in aver-
age concentrations greater than two times the
optimum values in table I shall constitute grounds
for rejection of the supply. When fluoridation
(supplementation of fluoride in drinking water) is
practiced, the average fluoride concentration shall
be kept within the upper and lower control limits
in table 1.

Table X

Annual average of maximum daily air

Recommended control imite—
Fluoride concentrations in mg/1 (ppm)

temperatures’
~ Lower Optimum | Upper
80.0-88.7 .. .. ... ... ... _...... 0.9 1.3 1.7
68.8-88.8 . . . .. ... ... 0.8 1.1 1.5
88.4-088_ ... .. .. ... ... ... 0.8 1.0 1.3
638.0-70.8 ... . ... . .. ... .. ... _..... 0.7 0.9 1.9
70.7-70.8. ... l... 0.7 0.8 1.0
790.83-90.8. . ... 0.6 0.7 0.8
! Based on data ot d for a of § years
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In addition to the sampling required by paragraph
(3 (a) above, the fluoridated and defluoridated sup-
plies shall be sampled in the frequency and manner
prescribed in BUMED Instruction series 11330,

(8) Radioactivity.

(n) Sampling.

1. The frequency of sampling and analysis for
radioactivity shall be determined by the station
medical officer, public works officer, maintenance
officer, or other competent authority after conaidera-
tion of the likelihood of significant amounts being
present. Where concentrations of Ra™ or 8r* may
vary oonsiderably, quarterly samples composited
over a period of three months are recommended.
Samples for determination of gross activity should
be taken and analyzed more frequently.

2. As indicated in article 5-32(5)(a), data
from acceptable sources may be used to indicate
compliance with thiese requirements.

tb) Limits.

1. The effects of human radistion exposure
are viewed as harmful and any unnecessary expos-
ure to lonizing radiation should be avoided.
Approval of water supplies containing radiosctive
materials shall be based upon the judgment that
the radioactivity intake from such water supplies
when added to that from all other sources is not
likely to result in an intake greater than the radia-
tion protection guidance' recommended by the
Federa! Radiation Council and spproved by the
President. Water supp.ies shall be approved with-
out further consideration of other sources of radio-
activity intake of Radium-226 and Strontium-90
when the water contains these substances in amounts
not exceeding 3 and 10 sxc/liter, respectively.
When these concentrations are exceeded, a water
supply shall be approved by the certifying authority
if surveillance of total intakes of radioactivity from
all sources indicates that such intakes are within
the limits recommended by the Pederal Radiation
Counctl for control action.

2. In the known absence * of Strontium-90 and
alpha emitters, the water supply is acceptable when

*The Pederal Radistion Council in It Memorandum for
the President, Sept. 13, 198], recommended that “Routine
oon o) 1 4 of radi and

1 of energy
xhould be anch that expected average expomsren of sujtahls
) ’I-r:{u:n of Range lh( /fbup l"ul nlol' 2 ]
n ; n it -
300 pac/day of Btrontium-go) £*/ 17 of Hadium-226 " and
* Absenoce is taken here to mean & negligible

smal] fraction
of the abore specific 1imits where the lmit for Imlldanlllrd
alphs emitters is taken ss the listed limit for Radium-296.
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the gross beta concenirations do not exesed 1,000
asc/liter. CGross beta concentrations in eneess of
1,000 uus/liter shall be grounds for rejestion of
supply exoept when more complets anaiyses indicate
that concentrations of nuclides are not likely to
cause exposures greater than the Radiation Protes-
tion Guides as approved by the President on recom-
mendation of the Federal Radiation Couneil.
(1) Recommended Analytical Methods.

(a) Analytical methods to determine ocompli-
ance with the requirements of these Standards shall
be those specified in Standard Methods for the
Ezamination of Water and Wastewater, Am. Pub.
Health Assoc., current edition and thoss specified
as follows.

(b) Bartum—>Methods jor the Collection and
Analysis of Water Samples, Water Supply Paper No.
1454, Rainwater, FH. and Thatcher, LL., US.
QGeological Survey, Washington, D.C.

(¢) Carbon Chloroform Extract (CCE!—Man-
ual for Recovery and lIdentification of Orgenic
Chemicals in Water, Middleton, P.M., Rosen, AA.,
and Burttachell, R H., Robert A. Taft Sanitary Engi-
neering Center, Public Health Service, Cineinnati,
Ohio, and Tentative Method for Carbon Chloroform
(CCE) in Water, J. Am. Water Worksa A. 64:223-227,
Feb. 1962.

(d) Radioactivity—Laboratory Menual of Meth-
odology, Radionuclide Anglysis of Enstronmental
Samples, Technical Report R59-6, Robert A Taft
Sanitary Engineering Center, Public ‘eaith Service,
Cincinpati, Ohio: and Methods of R~4iochemical
Analysis Techmical Report No. 173, Report of the
Joint WHO-FAO Committee, 1960, Wordd Health
QOrganisation.

(¢) Selenium-—Suppested Modified Method for
Colortmetric Determination of Selenium in Netursl
Water, Magin, G. B., Thateher, L. L., Rettig. 8., and
Levine, H, J. Am. Water Works Assoc. 82. 1190
(1960) .

(f) Organisms of the coliform group—All of
the details of techniques in the determination of
bacteria of this group, including the selection and
preparation of apparatus and media, the ocollection
and handlin: of samples and the intervals and conds-
tions of st ..age allowable between ocollection and
examination of the water sample, shall be in accord-
ance with Standard Methods for the Examination
of Water and Wastewater, current edition, and the
procedures shall be those specified therein for:

1. The membrane Filter Technique, Standard
Test or
2. The Completed Test. or
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3. The Confirmed Test, procedure with bril-
Hant green Jactens bile beoth.’ or

4. The Confirised Test, procodure with Endo
‘or o08iR Methylens blue agar plates.*

5-38 Interpretation of Results
(1) The standards for treated drinking water are

have been ocontinuously adequate. However, if sev-
eral tubes are positive or if single positives appear
frequently, chiorination should be stepped up; or if
chlorination has been satisfactory, a search should
be made for the source of trouble. A majority of
positive tubes in consecutive samples would normally
indicate a sufficiently serious breakdown in water
sanitation to justify & careful investigation of the
condition of the system, the water meanwhile being
regarded as unsuitable for use unless boiled or
heavily chiorinated.

(3) Well-operated purification plants produce
water with a 24-hour 35° C. plate count averaging
between 2 and 10 colonies per milliliter and rarely
exceeding 50 colonies per milliliter. Plate counts
exceeding a reasonable maximum require explans-
tion. A limit of 200 colonies per milliliter is often
used. Plate counts running into thousands of
colonies per milliliter in water that has been chlori-
nated almost always indicate sanitary defects, even
though tests for the coliform group are negative.

5-34. Fluoridation and Defluoridation of
Water Bupplies

(1! Research investigations conducted by the US.
Public Health Service and others revealed that the
incidence of dental caries in children of certain
communities was reduced as much as 65 percent
after the fiuoride content of communal water sup-
plies was adjusted to the optimum level.

* The Confirmed Test is allowed, pro the value of this
test to determine the sanitary ouslity of the *ific water
shooly beine examived 'n estab’'shed hevond reasomable

doubt by comparisons with Compileted Tests performed on
the same water supply.
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(2) The Department of Defense endorses the ad-
Justment of the fluoride content of communal water
suppliss at military installations, where dependent
children are in residence, in conformance with ac-
oepted health practioces.

(3) The destrability for adjustment of fuoride
concentration in a water supply will depund on:

(a) Dependent children 18 years of age or
younger being in residence on the station.

(b) The discrepancy between the material
fluoride content of the station water being consumed
by the children and the optimum fluoride content
of the water.

(4) The optimum fluoride content of & water sup-
ply is a function of the ambient temperature to
which the children are exposed, since water ingestion
is directly related to the temperature. It has been
determined that the mean maximum daily tempera-
ture for the geographic locale for a period of 5 years
or longer is an acceptable measure of the ambient
temperature for the purpose of controlled water
fluoridation. Table I (Art. 5-32(5)(b)3) presents
the acceptable water fluoride concentrations in re-
lation to ambient temperature. Where the mean
maximum daily temperature exceeds 80.5° F., &
fluoride concentration of 0.7 p.p.m. should be main-
tained. Similarly, a concentration of 1.2 p.p.m.
should be maintained where the mean maximum
daily temperature is below 50° F.

(5) Mean maximum daily temperature data for

" most areas within the United States, Alaska, Puerto

Rico, and many Pacific islands can be obtained from
the U.8. Department of Commerce Weather Bureau
stations in the vicinity. In other areas, the infor-
mation may be obtained from meteorological data
at military air stations or from other sources.

(8) The fiuoride content of natural waters may
be variable, particularly if a considerable propor-
tion is drdined from surface sources. Accordingly,
the fluoride content of supplies obtained wholly or
partially from surface waters must be determined
from a series of samples taken during a period of
minimum flow. Underground water supplies are
subject to less variation and the fluoride content can
be determined from 2 samples collected during &
week. Where more than one well is involved, sep-
arate determinations must be made from each well.
Procedures for water fluoride testing are described
in a BUMED Instruction of the 11330 series.

(7) At stations where children 16 years of age or
under regularly receive the major portion of their
potable water requirements from the water supply
systemn and the average fluoride content of the water
varies by 20 percent or more over or under the
optimum level, the institution of a project for ad-
justment of the fluoride content should be con-
sidered.
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(8) Upon determination that adjustment is de-
sirable, current instructions should be consulted for
procedures to be utilized for institution of the ap-
propriate program.

5-35. Laboratories

(1) Each command is responsible for performing
bacteriological examination of water where trained
personnel and adequate facilities are available. The
advisory services of the several Preventive Medicine
Units are available on request to all activities within
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the majar commands t0 which they are assigned.
Some of the laboratories maintained by the Buresu
of Yards and Docks for the control of filter-plant
operation are sguipped for bactericlogical analysis.
In the absence of conveniently located naval water
laboratories, advantage should be taken of the bac-
teriglogical facilities of naval hospitals or adjacent
Federal or State Health Department laboratories.
When chemical laboratory facilities are not locally
avallable, information concerning such analysis may
be abtained from the district public wotks officer.

5-17
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5-41. Background amount of jute, untarred hemp, and organic chlor-

(1) Water mains, wells, pumps, filters, storsge
tanka, and other units of a water supply system be-
come contaminated during construction and repair
by workers. surface contamination, and small ani-
mals. Fushing the system to remove dirt, waste,
and the surface water which is introduced is the
first step, but is not sufiicient safeguard. To ensure
& safe water supply, each unit of the system must
bs thoroughly disinfected before it is placed in
operation.

5-43. Disinfecting Agents

(1) The chemicals used in disinfecting a water
aystem are the same as those used in disinfecting
the water, but the strength and contact time are
much different. Pree chlorine, purchased in the
form of a gas, & compound, or a solution, is the only
satisfactory chemical for disinfection of waterworks.
COrade A hypochlorite (HTH or Perchloron ®) is the
most satisfactory as well as the most readily avail-
able form for general use. It dissolves easily and
oontains to 70 percent available free chlorine. One
pound in 800 galions or in 100 cubic feet of water
gives a chlorine dose of about 100 p. p. m. Calcium
hypochlorite (chloride of lime) is less easily used
and contains only about one half as much available
chlorine per unit weight of compound. Commer-
clally prepared sodium hypochlorite solutions
(Clorox, Zonite, etc.) may be obtained in 5- and 10-
percent solution strengths. One gallon of 10-per-
cent solution added to each 1,000 gallons of water
will give about 100 p. p. m. free chlorine. All hy-
pochlorites raise the pH of water, thereby reducing
the effectiveness of the chlorine. This may be of
considerable importance if chlorination raises the
PH of the water above a value of 8. Por further
information on the effect of pH on the disinfecting
power of chiorine, refer to figures 5-1, 5-2, and 5-3,
and article 5-68. If chlorine gas Is used to disinfect
mains or equipment, a chlorine-feeding device in the
hands of a competent operator is required.

5-43. Dosage Requirements

(1) Chilorine dosage required to disinfect any unit
thoroughly depends on the contact time, and the
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ine-consuming material present. The volume of
water in the unit to be disinfected must be computed
before chlorine dosage can be estimated. Volumes
of water contained in different sizes of pipe are
listed below:

Pipe diameter Gallons per foot

(inches) of pipe
2 0.16
2Y 0.35
3 0.38
315 0.51
4 0.668
5 1.04
[] 1.50
8 2.61
10 4.08
12 5.88
14 10. 45
16 16. 32

One cubic foot of water —7.48 U. 8. gallons
One U. 8. gallon =3,785 ml.

See reference 4.

(2) In the transfer from raw to potable water, the
system is thoroughly flushed with water to remove
any sediment that may have collected. After the
flushing, the system is filled with a disinfecting mix-
ture of calcilum hypochlorite and treated water.
This mixture should consist of not less than 1.2
pounds of high-test calcium hypochlorite, or ap-
proximately three times as much chlorinated lime,
to each 1,000 gallons of water in order to provide
not less than 100 p. p. m. of available chlorine. The
high-test calcium hypochlorite should contain not
less than 70 percent available chlorine. 1If the sys-
tem includes a tank or standpipe, a preliminary mix-
ture of calcium hypochlorite and treated water is
prepared in a suitable container. If chlorinated
lime is used, the mixture is allowed to stand for
about 4 hours before the decanting. The decanted
or supernatant chlorine solution is then delivered
to the tank or standpipe, along with enough treated
water to make a mixture containing not less than
100 p. p. m. of available chlorine. This process is
repeated until the tank or standpipe and the entire
system are filled. If no tank or standpipe is in-
cluded, the mixture of not less than 1.2 pounds of
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high-test calclum hypochlorite or the larger equiva-
lent amount of chlorinated lime (for each 1,000 gal-
lons of water) is prepared in a suitable container.

The solution is injected directly into the system,
and the process is repeated until the system is filled.
The disinfectant is retained in the system (and tank
or standpipe, if included) for not less than 48 hours
and then drained and examined for residual chlo-
rine. If no residual chlorine is present, the process
is repeated. After this, the system is flushed with
the treated water to be used and may then be placed
in service,

5-44. New Facilities

(1) The system is disinfected as in the preceding
paragraph. The disinfectant mixture should con-
sist of not less than 0.6 pounds of high-test calcium
hypochlorite, or an equivalent amount of chlorinated
lime (about 2 pounds), to each 1,000 gallons of
water, which provides not less than 50 p. p. m. of
available chiorine. The mixture is injected into
the system and retained there for not leas than 12
hours. The system is then drained, flushed with
treated water, and placed in service.

5-45. Repaired or Accidentally Polluted
Facilities

(1) The part of the system affected by mainte-
nance, repair, or alteration, or by pollution from im-
pure water, iz disinfected as in article 5438 (2) of
this section.

5-46. Large Tanks or Reservoirs

(1) It may be impracticable to disinfect large
reservoirs or tanks by the method outlined in article
5-43 (2). In such cases, the reservoirs or tanks are
washed down with a strong hose stream of treated
water and disinfected by the swabbing or the spray-
ing of all internal surfaces with a solution contain-
ing at least 200 p. p. m. of available chlorine. This
chlorine solution is flushed to waste after at least
1 hour of retention.

5-47. Disinfection of Wells

(1) Wells should be disinfected after construction,
cleaning, or the removal ¢f equipment for repeir.
When the well equipment is ready for operation, the
well should be flushed by pumping to waste until the
water is free of turbidity. A dug well may then be
disinfected by pouring in the calculated amount of
chemical either in powdered form or as a concen-
trated solution. Water in the well should be agi-
tated to distribute the chlorine. To overcome the
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dificulty of mixing the chemical with the water in
a drilled well, a volume of 100 p. p. m. solution about
50 percent greater than the quantity of water stand-
ing in the hole should be made up ip tanks and run
down between the riser pipe and the casing.

5-48. Precautions

(1) Fire protection.—Adequate fire protection
measures must be taken during disinfection of part
or all of & water system. If protection is seriously
reduced, or if the mission of the activity requir~
that the water system be out of service for a period
shorter than that which disinfection requires, the
public works officer, with the advice of the medical
officer, recommends the amount of high-test calcium
hypochlorite or chlorinated lime required per 1,000
gallons of water to do the job more guickly.

(2) Bacteriological tests.—If bacteriological ex-
amination of water samples collected after disin-
fection indicates that the water is not safe, disin-
fection should be repeated until tests show that
water samples from that portion of the system be-
ing disinfected are satisfactory. Samples collected
immediately after disinfection may not be repre-
sentative of the water served normally. If bacteri-
ological sampiles are collected immediately after
disinfection, it is desirable that the sampling be
repeated several days later to check on the delivered
water under normal conditions of operation and
use. The water from the system should not be used
for domestic purposes until the report on the
bacteriological examination of water samples indi-
cates taat it is safe. 1If repeated disinfection does
not give satisfactory results, all such water used for
drinking or cooking purposes must be boiled before
use until the recommendation of the public works
officer, on the advice of the medical officer, is
received,

5-49. Disinfection in Emergencies

(1) Natural contamination of water supplies may
increase markedly because of some wartime emer-
gency. In this case, skid-mounted hypochlorinators
and trailer-mounted chlorinators should be drawn
for emergency operation from the stock of the
district commandant. The equipment cannot be
expected to make drinking water safe after bomb-
ing, sabotage, or biological warfare have rendered
it unsusceptible to disinfection by chlorination. The
treatment of and protection of water supplies sub-
jected to contamination by stomic, biological, or
chemical warfare are covered in technical
publications.*-’
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Section VI. WATER PURIFICATION

Disinfection of Water SBupplies. .. .. . .. .
Oontrol of Chlorination_ . ... ... ... ...
Ohlorination Equipment_ . ... .. ... .. .
Operation and Laboratory Control ... . ____. ...
Judging the Rfficiency of Operation._ ...

5-51. General

(1) Water purification consists in removing or
destroying enough impurities in water to make it
safe and pleasant to drink, The first and most
important step in purification is to select the correct
treatment processes and then to arrange them in
the right order to do the job. This section discusses
each treatment process. Greater detail may be
obtalned from reference 4.

(3) Qenerally, good results are obtained by the
following arrangement of water treatment pro-
cesses: coagulation, sedimentation, filtration, and
disinfection. Specific purification problems often
require additional treatment processes or a different
arrangement. No one trestment process is & cure-all.

(3) Methods of purifying water that has not been
deliberately poisoned are covered in this section.

5--52. Self-Purification

(1) General.—Under favorable conditions, a pol-
luted body of surface water is often partially purified
by natural agencies. This self-purification, however,
cannot be depended upon to effect complete purifica-
tion (recovery’), but it may decrease the load on
mechanical purification equipment.

(2) Streams or rivers—Slight pollution may be
difficult to detect, but gross pollution is easily seen,
and the recovery of the stream is easily traced. Im-
mediately below points of heavy pollution, such as
sewer outlets, turbidity may be high. and within a
short distance the water sometimes turns black.
Odorous suifur compounds may be formed. and
solids settle on the bottom, forming a sludge. S8uch
settled solids and sludge will soon decompose, form-
ing gases such as ammonia, carbon dioxide, and
methane or marsh gas. These gases may form so
rapidly that the surface continually bubbles. In
still waters scum may form. Life in the water fs
confined to anaerobic bacteria, larvae of certain
insects such as mosquitoes, and a few worms. There
are no fish; turtles are generaily the only form of
higher life. The stream becomes clearer as it con-
tinues, allowing sunlight to penetrate the water.
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Oxygen dissolves from the air at the water's surface,
permitting bacteria to start changing organic
matter into nitrates, sulfates, and carbonates. These,
together with the carbon dioxide produced from
decomposition caused by the anaerobic bacteria,
are plant foods. With sunlight now penetrating the
water and with abundant food, algae flourish and
form a green scum over the surface. As soon as
algae appear, self-purification proceeds rapidly,
as they take in carbon dioxide, use the carbon, and
give out oxygen to the water, thus oxidizing the re-
maining organic matter. As green algae appear,
fish requiring little oxygen, such as catfish and carp,
are als0o found; as the dissolved oxygen increases,
more types of fish appear. After recovery, fish find
the stream highly favorable, as the algae support
various aquatic insects and other organisms on
which fish feed. The water is clear or .urbid, ac-
cording to the concentration of algae, and may have
odor for the same reason. Throughout the stages
of recovery or self-purification, disease organisms
are greatly reduced in number because of lack of
proper feed, unfavorable temperatures, and pH
values of the water. However, the water is still
dangerous since all disease organisms have not per-
ished.

(3) Lakes, reservoirs, and ponds.—Belf-purifica-
tion in lakes, reservoirs, and ponds is brought about
by the same agents as in streams and rivers. How-
ever, currents are not as strong, and sedimentation
is more important. Sedimentation is often 30 heavy
that large deposits of sludge, dead algae, and other
vegetation build up on the bottom. In deep lakes
and reservoirs, self-purification is aided by seasonal
“overturns.” This is simply an exchange of bottom
water for surface water caused by the change in
density of the water which occurs in the spring and
fall.

5-53. Sedimentation

(1) General—Plain sedimentation is the natural
settling of solids heavier than water without the
addition of chemical coasgulants. Solids heavier
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than water are held in suspension while water is
moving, but settle to the bottom in still water. The
time required to clarify water by sedimentation de-
pends on the size of the suspended particles. Large
particles settle to the bottom in a few minutes, but
very small particles, such as clay, may remain in
suspension for several days. Plain sedimentation is
seldom used alone to purify water, but is used as a
preliminary process in preparing water for filtration.

(2) To reduce turbidity—Plain sedimentation
tanks or basins are often used to reduce turbidity
in water drawn from swift streams, particularly
after rainstorms. If the particles causing the tur-
bidity settle rapidly, plain sedimentation may re-
duce frequent backwashing of filters.

5-54. Coagulation

(1) General.—Coagulation is the process of add-
ing a chemical to water to gather the suspended
impurities into partic.es large enough to settle out
rapidly. The standard chemicals for coagulation
are fliter or ammonium alums. They react with the
alkaline substances in the water to form an insoluble
jellylike substance which attracts the suspended silt
and disease organisms to it. Chemically, these sub-
stances are aluminum hydroxide. If water does not
contain enough alkalinity, it may be necessary to
add an alkaline like soda ash to help form jellylike
hydroxide.

(2) Flocculation—Ammonium alum and alumi-
num sulfate are calied coagulants. Either of these
can be added to the water in tanks, such as 3,000-
gallon canvas tanks; or either one may be added
continuously to the water by mechanical-feeding
devices.

Regardless of the system, the water must be
stirred after the chemicals have been added. The
Jellylike substance first appears as particles so small
that the water has a milky appearance. In this
form, the insoluble hydroxide will not clarify the
water or settle out. It is necessary to continue
stirring the water until the very small particles join
with others to form large particles. This process
is called flocculation, and the large jellylike particles
are called “floc.” Operators should work to pro-
duce a heavy, rapid-settling floc. Note that floc-
culation is only one step in the process of coagula-
tion, which also includes the adding of chemicals.
After fiocculation, sedimentation is generally pro-
vided to allow the bulk of the floc to settle and thus
reduce the load on the filters.

(3) Optimum pH—PFloc forms fastest and is
heaviest at one definite pH value, called the “‘opti-
mum pH." Because this optimum value varies with
changes in the impurities in water, it is necessary to
determine it by the jar test described in paragraph
(4). Optimum pH values generally fall between 4.5
and 1.5, depending on the impurities in the water.
Colored water contalning only a small amount of
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dissolved minerals generally flocculates best between
pH values of 4.5 and 6.0, while turbid water with
considerable natural alkalinity flocculates best at
pH values between 6.0 and 8.0 These values are
only indications, as there is only one optimum pH
for any given water. Optimum pH wvaries with
rainfall, seasonal changes, etc.

(4) Jar test for flocculation.—The correct dose of
chemical to use for the trestment of any water at
any time can be determined only by trial and error.
In a series of jars, beakers, or bottles, portions of
raw water are treated with various doaes of cosgu-
lant, and after thorough mixing, the size and rate
of settling of the floc and the clarity of the water
are observed. The smallest chemical dose that pro-
duces & good floc and complete clarification is the
correct one to use in the plant. A mixing device for
use in making jar tests is illustrated in figure 5-4.

ik S i - AR

Pgure 5—4.—Multiple mizing device.

(8) Color removal.—Qenerally color can be re-
moved in floc when coagulating on the acid side of
the pH scale. When alum is used, the water should
usually be coagulated at a pH of 4.4 to 6.0. If the
pH value is increased later, the color may reappear
to & certain extent. Adding soda ash during coagu-
1ation may fix the color and prevent removal, Acti-
vated carbon may be used to remove color.

(6) Miring coagulants —To obtain satisfactory
coagulation, coagulating chemicals must be thor-
oughly mixed with the water. In units using feed
devices, this is done by adding the chemicals on the
suction side of the pump so that the pump impeller
mixes them thoroughly. When coagulants are added
by the basket method in batch trestment, excellent
mixing can be obtained by hanging the basket along
the wall of & tank and filling the tank at high rates
£0 that it fills in about 15 minutes. Inlet hoses should
be directed along one side of the tank, so that a rapid
swirling motion is set up throughout the tank.

This distributes the chemicals throughout the
water effectively.

(1) Accelerating flocculation —To obtain best
flocculation in the minimum time, the rate of floc
formation should be accelerated by agitating the
water. This is done best by “tapered” mixing, the
water being agitated vigorously while the chemicals
are being added and then more and more slowly
over a period of about 30 minutes. When coagulants
are added to water as it enters a sand filter, the
flocculation period is brief, and agitation is not con-
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tinvously controlled. For waters that do not floccu-
iate readily, this process does not assure reliable
clarifioation by the filter (art. 5-57), and complete
pretreatiment should be used.

5-55. Chamicals Used in Coagulation

used with military purification equipment.
(2) Alum cosgulants

(a) Alum —PFilter alum or aluminum sulfate
is available either in lump, granular, or powdered
ferm. It is an acid salt and hence is corrosive to
most metals. It is readily soluble in water and is
easily applied in solution or dry.

(») Black alum.—Black alum is filter alum
which contains 2 to 5 percent by weight of powdered
activated earbon.

(¢) Ammonium alym —Ammonium alum is
used in mobfle and portable purification units and
should not be confused with fillter alum. Use of
smmonfuin alum facilitates comtrolled application
of coagulant over a period of time because it
is Jess soluble than fliter alum and therefore
dissolves more slowly in alum pots and chemical
baskets. It does not dissolve readily in cold waters.
Alum pots are not accurate feeding devices, even
with ammonium alum, but are more compact than
other feeds. -

(@) Sodium aluminate.—Sodium aluminate is a
coagulant tsed with alum for special treatment
processes such as water softening and color removal.

(3) Ferric coagulants

(8) Copperas—FPerrour sulfate, commonly
known as copperas, is a granular acidic salt used
with lime for coagulation. Lime must be added be-
cause the alkalinity and pH value of natural water
are generally too low to react with copperas to form
the desired ferric hydroxide fioe.

(b) Chlorinated copperas—The oxidation of
ecopperas by the dissolved oxygen of water occurs
only at pH values above about 88. However, chlo-
rine may be used to react with copperas irrespective
of the pH value of the water. From this reaction,
ferric sulfate and ferric chloride are formed and in
turn act as coagulants.

(c) Ferric sulfate.—Perric sulfate is a dry com-
wmercial coagulant.

(d) Ferric chloride.—Three commercial forms
of ferric chloride are available: liquid, crystalline,
and anhydrous material.

(e) Summary of fJerric coagulants.—Chlori-
nated copperas, ferric chloride, or ferric sulfate may
be used in place of alum coagulants. Ferric coagu-
lants are very corrosive and require corrosion-
resistant facilities. There are a number of practical
differences between alum and ferric coagulants,
however, which should be noted. Briefly, these dif-
ferences are as follows:
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(1) Perric hydroxide is formed at low pH
values, and consequently coagulation with ferric
coagulants at pH values as low at 4.5 is possible.

(& Perric hydroxide is insoluble over a wider
range of pH values than aluminum hydroxide.

(3 Ferric hydroxide does not rediesolve at
high pH values.

(4) Special coagulation aids

(n) Artificial turbidity —Under certain condi-
tions, materials such as bentonite, Fuller's earth,
or local clays may be added to the water to create
an artificial turbidity which increates the rate of
floc formation and settlement.

(b) Sulfuric acid.—Sulfuric acid is occasionally
used with alum as an aid in coagulating colored
water. As this acid causes severe burns when in
contact with skin or clothes, special safety precau-
tions must be cbeerved when it is used.

5-56. Chemicals to Adjust pH

(1) The chemicals commonly used to adjust pH
values as an aid in coagulation are discussed below.
(a) Soda ash.—Soda ash (sodium carbonate)
is highly soluble in water. It is used when waters do
not contain enough natural alkalinity to react with
the coagulant. The soda ash supplied for fleld use
comes in briquettes which dissolve more slowly than
ammonium alum. Soda ash should be procured by
specification to contain at least 98 percent sodium
carbonate, because this quality is assumed in the
calculation of the chemical dose.

(b) Lime~Quick lime (calcium oxide) or
slaked lime (calcium hydroxide) may be used to
provide artificial alkalinity. They are also used in
water softening.

5-57. Filtration

(1) General—When water filters through sand,

the following changes occur:

(a) Suspended and colloidal matter is partially
removed.

(b) Chemical characteristics of the water are
changed.

(¢) Quantity of bacteria is materially reduced.

(2) Obviously, particles of suspended matter too

large to pars through the interstices of sand grains
are filtered out by mechanical straining. Colloidal
matter, however, or bacteria too small to be strained
out are not removed by this process but by sedi-
mentation and adsorption. Voids between the
grains act as minute sedimentation basins in which
fine suspended particles settle on the sand grains.
‘The action is aided by a gelatinous coating formed
on the surface of the sand grains by previously de-
posited bacteria and colloids. Because living organ-
isms exist in fiiters and matter is used in the
metabolism of all organisms, the chemical makeup
of matter on the filter is changed in some degree
by the growth of the organisms on the bed.
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(3) Most benefits derived from filtration are not
caused by action occurring at points generally dis-
tributed throughout the sand bed, but from action
occurring at the surface of the sand in the layer of
deposited matter and after the flitration process
has been operating for a period of time. The layer
contains a jellylite substance in which biological
activities are at their highest. It is called the
“schmutedecke’ (literally “dirty skin"), and opera-
tion of the plant depends on it. When the filter has
been in use for some time, the pressure necessary
to force water through the schmutzdecke and the
sand increases. As a certain point of pressure is
reached, it becomes necessary to clean or backwash
the filter.

(4) In treatment of water, two general types of
filters are used—slow sand and rapid sand. The
former is scldom built today.

(5) Slow-sand flters.—8low-sand filters contain
fine-grain sand and have low-flliration rates. They
are usually used when coagulation is not included
in the treatment process.

The use of slow-sand filters has been practically
discontinued because of their high cost per unit
of capacity and the labor required to ciean them.
Generally, slow-sand filters have little military
value because they require fixed installations with
very large filter areas, clear or easily clarified
sources, and experienced designers. In areas where

water sources are contaminated with amebic cysts
and where it is dificult to obtain diatomite filters,
slow-sand filters have the following sdvantages for
permanent or semipermanent stations: They can
be built of local materials; they require a minimum
of mechanical equipment; and they can be operated
with native labor.

(6) Rapid-sand flters—Rapid-sand filters oper-
ste either by gravity or pressure principles.

(a) Gravity flters—Qravity fllters (fig. 5-5)
are essentially open-top rectangular concrete boxes,
sbout 10 feet deep. An underdrain system at the
bottom supports the layer of gravel, which in turn
supports the layer of filter medium. The total head
in a gravity filter equals the positive head of water
above the underdrain plus the negative head from
the underdrain to the water in the clear well. CGrav-
ity filters are usually designed to filter about 2
gallons per minute (g. p. m.) per aquare foot of filter-
bed area. However, in emergency, up to 4 g. p. m.
per square foot can be obtained if prior trestment by
flocculation and sedimentation produces very low
turbidity.

(b) Pressure Aiters—In preasure filters (fig.
5-8), the bed is enclosed in a pressure vessel and
water either is pumped into the vessel or is drawn
through the filter by a suction pusmp. Pressure fil-
ters are better than gravity filters when small vol-
umes of water are to be flitered, because no other

Figure 5-5. —Cutewsy view of gravity send Aiter showing underdratns and filter dod.
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Figure 5-6.—Cross-section of vertical-pressure type water fiters
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pumping is needed. Pressure filters are installed
either vertically or horizontally. They operate at
the same rates as gravity filters. PFilter rates em-
ployed in the mobile and portable water-purification
units are somewhat higher than the usual 2 gallons
per square foot.

(¢) General—Rapid-sand filters operate effec-
tively at rates at least 50 times as great as those of
slow-sand filters. This is possible because they use
coagulation to help in producing clear water and
they have a backwashing arrangement which quickly
removes accumulated solids. Rapid-sand flters
function primarily as straining agencies for the
flocculated material in water, and benefit from the
accumulated gelatinous schmutzdecke collected in
the sand. Sudden changes in rate of flow must be
avoided to prevent dislodging this sccumulated ma-
terial. The portable sand-filter units can be op-
erated to remove amebic cysts and to produce fil-
tered water of generally high quality by special
measures of control but are not as effective as
diatomite fllter units.

(7) Diatomite fltration.—Diatomite filtration is
the process of removing suspended matter from
water by passing it through a layer of diatomaceous
silica. Diatomite filtration of pretreated water con-
sistently produces a flitrate of less than 0.1 p. p. m.
turbidity, completely removes chlorine-resistant
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organisms such as amebic cysts and cercarise of
schistosomes, and removes more than 90 percent of
sll bacteris.

(a) Special types of distomite fiiters have been
developed for use in mobile installations. These
filters (fig. 5-7) are included in sets of equipment
containing pumps, tanks, and supplies that provide
for pretreatment, chlorination, filtering, water stor-

age, and water distribution.

(b) To prevent rapid clogging of the original
layer of diatomite filteraid by foreign matter in the
water, the units are equipped with feeding devices
which continuously supply fresh diatomite filteraid
to the influent water. The rigid particles of filteraid
mix with the compressible matier in the water to
form a porous fiiter cake. When the resistance of
this cake to flow becomes too great, it is removed by
backwashing the unit and is repisced by a new filter
layer. In the filtering of pretreated water. filtered
water quality does not depend on pressure or flow
rates. Reduced pumping rates are not required to
obtain clear water.

(¢) Diatomite, also called “diatomsaceous earth,”

r “filteraid,” consists of the skeletal remains of
minute algae, called diatoms, found in marine de-
posits which have been lifted above sea level. Crude
diatomite is quarried and processed as diatomace-
ous-silica fllteraid, which is inert to water and to

Figure 5-7 —Pressure giter unit (diatomite) snd one pump and engine set in opevating position.
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water-treatment chemicals. When used as a filter
medium, diatomite requires a rigid supporting base
or saptum that is porous enough to permit maximum
fiow without significant loss of head yst {ine enough
to.support the filter cake. For this purposs, cylindri-
oal elements of helioally wound wire, porous plastic,
porous rubder, or porous refractory minerals (fig.
§-8) are most satisfactory.

(d) A precost layer of fliteraid is deposited on
the cylinder by circulating distomaceous slurry
through the unit. An almost uniform coating is
formed over the sntire septum, because flow is great-
est through the thinnest portion of the coating. I
PFLOW 18 STOPPED DURING A PILTER RUN, THE
PFILTER MUST BE BACKWABHED AND A NEW
PRECOAT APPLIED.

(e) During the filter cycle (fig. 8-8), the porosity
of the filter cake is maintained by the slurry feeder.
Unless filteraid is added, compressible particles
in the raw water form a slime over the surface of
the precoat layer, causing filter runs as short as 8
or 10 minutes. By adding filteradd slurry during
filtration, the cake surface oontinually increases
and the porosity is maintained longer. The quanti-
ty of alurry feed required depends on the character
and amount of suspended solids in the unfiltered
water. With relatively clear raw water or with well-
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coagulate and settled water, filter cycles last several
hours without continuous slurry feed. The optimum
filteraid slurry feed is determined by trial, using
varying quantities of fliterald during a series of
filter cycles and comparing the results.

(f) Diatomite filters are backwashed by revers-
ing the direction of flow and drawing flitered water
from the storage tank through the filter. It requires
less than 3 percent of the filt ~'s output to dislodge
and remove the clogged fllter cake. Diatomite filters
£hould be backwashed whenever the porosity of the
filter cake has decreased to a point at which filter
output falls off noticeably.

(g) Advantages of diatomite Aliration.—The
principal advantages of diatomite filtration are the
superior and uniform quality of filtered water out-
put.

(8) Operation of filters

(a) An influent pipe carries partially clarified
water from the sedimentation basin to the fllter bed,
discharging it behind a baffle wall so that water cur-
rents will not disturb the sand bed. The water
passes over the baflle, fliters through sand and gravel
into the underdrains, passes through a ratecontrol-
Jer, and is then collected in a filtered-water reservoir
or clear well.

(b) When & filter bed is first put into operation
or has just been washed, water passes through the
sand too quickly for efiicient filtration. Therefore,
the effluent line must be throttled to reduce the rate
of flow. As the filter bed becomes clogged, the rate
of filtration decreases and the amount of throttling
must be reduced accordingly to keep the rate of fil-
tration uniform. Manual control of the filter rate is
impracticable, and consequently an automatic device
known as the rate-of-flow controller is used. Most
rate-of -flow controllers are governed by a venturi in
the fliter efluent line. Pressure differentials pro-
duced by the venturi act on a balanced valve which
in turn actuates the controller. It is necessary to
measure rate of flow through each i\iter periodically
to check the accuracy of the rate-ot-flow controller.

(¢) Loss of head is the difference between static
level of water above the filter bed and water in the
underdrain. During normal filtration, increasing
amounts of foreign matter collect in the top few
inches of the sand bed. As this collection increases,
the passage of water through the filter is slowed.
Water pressure below the bed decreases, thus in-
creasing loss of head. The gage which measures loss
of head plays an important part in fllter operation
and a reading that shows a loss of 7 to 9 feet indi-
cates that the filter needs washing. This gage also
reveals cracks in the filter-bed surface which allow
the water to pass through to the underdrain easily.
This is a serious condition, since water which passes
through the cracks is not properly filtered.

(d) It is desirable to operate filters at as uni-
form & rate as possible. Therefore, clear wells are
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Pgure 5-9.—Typical arrangement of distomite weter-purification equipment.

built to provide a reservoir of flltered water to meet
fluctuations in demand. They may be supplemented
with elevated storage.

(e) A filter bed needs washing when the loss-
of-head gage shows a loss of from 7 to 9 feet or after
s filtering period or run of 100 hours. The bed is
washed by reversing the flow, forcing filtered water
up through the gravel and sand. The water loosens
the sand bed, agitating the grains, and washing ac-
cumulated floc and foreign matter off the grain sur-
faces. The wash water rises into the wash-water
troughs and flows to the drain, carrying the foreign
matter with it.

(9) Operational dificulties

(a) If a filter bed is not backwashed correctly,
sand grains and foreign matter begin to stick to-
gether. Over a period of time large clumps, called
mud balls, are formed. They lower the efiiciency of
the filter bed and must be removed. Surface wash-
ing usually breaks down these formations and can
then be removed by backwashing. It is sometimes
necessary to remove mud balls manually with a
10-mesh screen attached to a long handle.

(b) Normally, filter sands become clogged only
at the surface and are restored to use by ordinary
washing methods. Sometimes, however, the entire
sand bed becomes so clogged and caked that it does

August 1963

not filter properly. It can be restored to use only by
removal from the filter and through washing.

(¢) Alr binding occurs when pockets of air ac-
cumulate in the sand. It interferes with proper
filtration as indicated by high loss of head.

(d) Micro-organisms frequently sccumulate so
rapidly on the filter-bed surface that the rate of
filtration is reduced as much as 50 percent. When
this occurs special pretreatment of the water is al-
ways mandatory.

5-58. Storage

(1) Buitable storage facilities may be constructed
of concrete, steel, brick, or wood sbove the land sur-
face or of concrete or brick if partly or wholly below
the land surface. Designs for typical manhole cov-
ers and piping installations are shown in figure 5-
10. Such installations assist in protecting the water
supply from possible contamination. Asphalt or tar
for waterproofing the interior of storage units is not
recommended on account of the objectionable taste
tmparted to the water and the possibility of unde-
sirable chemical reaction with the materials used for
treatment. Specifications covering the painting of
water tanks have been prepared by the Bureau of
Yards and Docks. The specifications provide proper
safeguards concerning the use of lead-base painta.
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Pigure 5-10—Typical pump mountings, menhole covers,
snd piping instellations.

(2) Surface reservoirs formed by the damming of
open streams are not recommended for storage of
water for human consumption. They may be used
for stock watering, and a fence enclosure is recom-
mended for proper maintenance.

(3) All tanks for storage of water for domestic
supply should be compietely covered and so con-
structed as to prevent the possibility of contamina-
tion of the tank contents by outside water or other
foreign matter. PFigure 5-10 shows several designs
for manhole covers and piping connections to pre-
vent the entrance of contaminating materials and
surface drainage. Concrete and brick tanks should
be made watertight by a lining of rich cement
mortar. Wood tanks, generally of redwood or
Cypress, require no special consideration beyond the
requirement for the covering and the screening of
openings against mosquitoes, flies, and other small
insects.

5-28

(4) Tunks for stock water should be properly con-
structed and partially covered to prevent cattle
from getting into the tank, and the area around the
tank should be sloped to drain away from the tank.

(3) Steel pressure tanks of relatively small capa-
city are widely used in connection with automatic
systems for individual homes. The types available
are of standard construction and present no sanita-
tion hasards. The capacity of storage tanks, other
than hydropneumatic tanks, in connection with s
pumped supply should be not less than 2 days' re-
quirement and should be correspondingly greater
where special conditions indicate the need. Special
care ahould be taken not to make storage tanks,
cistern, or pipelines unsafe by bringing in an emer-
gency water supply that has been contaminated at
its source or in tranait.

(6) A typical concrete reservoir with screened in-
let and outlet pipes is shown in figure 5-11. This
figure also illustrates the sanitary manhole cover
which overlaps an elevated rim and prevents any
drainage from entering the reservoir in the event
it is constructed where one side is at ground eleva-
tion. This type of manhole frame and cover is
generally designed so that it may be locked to pre-
vent access by unauthorised persons.
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Figure 5-11 —Typicel concrete reservoir.
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5-59. Disinfection of Water Supplies

(1) Water is most commonly treated with chlor-
ine gas or compounds, or iodine (the latter provided
for small-volume purification in the field). Other
methods should not be used, except in emergency,
without & careful review of the literature to deter-
mine their current state of development. The
terms chlorinstion and disinfection are here used
to indicate the same process.

(2) Chlorination includes all processes using
chlorine gas or chlorine compounds to produce in
the water either of tvo distinctly different disinfec-
ting agents, free chlorine or chloramines. Which of
these predominates depends on the ratio of chlorine
dose to the ammonia-nitrogen (ammonia radical ex-
pressed as nitrogen). Ammonia may be a natural
constituent of the water or may be added. If the
chiorine: ammonia-nitrogen ratio is below 5:1,
chlorine reacts to form chloramine. Chloramines
are destroyed by further increases in the chlorine
dose until, at & chlorine: ammonia-nitrogen ratio
of about 9:1, the chloramine has been completely
oxidized. This point of minimum residual is called
the breakpoint. Chlorine added beyond this point
produces free-chlorine residuals.

(3) PMive methods of chlorine dose control are in
use:

(a) Fixed dose,

(b) Minimum residual after fixed contact time,

{(¢) Minimum residual throughout distribution
system,

(d) Superchlorination-dechlorination and,

(e) Breakpoint chlorination.—For purposes of
fllustration, figure 5-12 shows an ideal diagram-
matic residual-chlorine curve in the presence of 0.9
p. p. m. of ammonia-nitrogen. With 0.9 p. p. m. of
ammonia-nitrogen initially present, there is no
change in the ammonia-nitrogen content until 4.5
p. p. m. of chlorine has been added (the ratio of
chlorine to ammonia-nitrogen is approximately 5:1).
Until the combined available-chlorine residual is at
the maximum point (popularly called the “hump’)
the orthotolidine chlorine-residual content is the
same as the amount of chlorine added, and all of the
residual chlorine is present as combined avallable
chlorine. After the “hump” has been reached,
sdded amounts of chlorine result in corresponding
decreases In orthotolidine residual chlorine and
smmonia-nitrogen, until, when about 90 p. p. m.
has been added, the chlorine-residusal content and
the ammonia-nitrogen content will be sem. Within
this part of the curve the residual chlorine present
is combined available chlorine. Increments beyond
this “breakpoint” (zero point) produce correspond-
ing incresses in residual chlorine, and this residual
chlorine is “free” available chlorine.

(4) Pree chlorine appears to be about 30 times
more effective than chloramines in bactericidal ac-
tion if the pH is around 7.0 or lower. At high pH, it
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Figure 5-12.—1desl residual-chiorine curve (smmonia
solution) .

is not. It is, therefore, necessary to distinguish be-
tween free chlorine residuals and chloramine resid-
uals. The orthotolidine test as ordinarily used
does not do this. However, by reading the flash
color, {. e., the color appearing at 10 seconds after
addition of the orthotolidine, an idea of the free
chlorine content of the sample may be obtained.
The color after 5 minutes measures the sum of free
chlorine, chloramine, and interfering substances.
Temperature of the sample should be below 60° P.

(5) The pH value of water has a marked effect on
the bactericidal action of both free chlorine and
chloramines. Their effectivencss decreases 80
rapidly with increasing pH that under some condi-
tions it may be better to lower the pH than to add
the excessive dose of chlorine required at high pH
values. The latter has been considered, though not
adopted, in connection with superchlorination us-
ing hypochlorites. Large doses of hypochlorites
materially increase the pH value.

5-60. Control of Chlorination

(1) The following rules are suggested as safe
guides in the control of chlorine dosage:

() Apply chlorine continuously at a point
where thorough and rapid mixing with the treated
water will be effected ; or, in batch chlorination, mix
by thorough stirring.

(b) Differentiate free chiorine and chloramine
residuals.

(¢) If the residual is free chlorine and the pK
is below 7, chlorinate to obtain 0.2 p. p. m. free
chlorine residusl after 20 minutes’ contact. In-
crease this residusl 0.1 p. p. m. for each increasing
pH interval above 7, {. e., for pH 7 to 8 maintain 0.3
p. p. m., and for pH 8 to 9 use 0.4 p. p. m. residual,
keeping the pH below 9.
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(d) It is recommended that in common circum-
stances chlorination be accomplished to levels of
free-residual chlorine only. Both the production
and the testing of free chlorine in the hands of un-
frained or partially trained personnel is more prac-
tical and more reliable than the use of an evalua-
tion of chloramine residuals (combined chlorine).
Where it is necessary to use breakpoint chlorina-
tion, the addition of chlorine in sufficient amounts
to produce the desired level of free available chlorine
ih most cases automatically carries the operator
through the procedure of breakpoint chlorination.
Under certain oconditions, the use of chloramine
(combined chlorine) is a desirable method, but
shecald be purformed or supervised by adequately
trained personnel. Further details may be found in
reforence 4.

(23) Where bacteriological tests indicate that the
above-minimum requirements are inadequate a re-
sidual of free chlorine of from 0.1 to 0.2 p. p. m. may
be maintained throughout the distribution system,
in which case chlorination at the plant is regulated
to provide the desired residual at distant points in
the distribution system. In no case should the
maintenance of residuals in the distribution system
be Jooked upon as a satisfactory substitute for proper
sanitary protection of the water during distribution
(art. 5-6 (B)).

(3) Treatment by coagulation, sedimentation,
and filtration, followed by chlorination, probably
provides adequate protection against the cysts of
Endamoeda histolytica. (See art. 5-6 and 5-14.)

(4 Municipal-type water treatment including
coagulation, filtration, and chlorination provides
adeqguate protection against the cercariae of schisto-
somiasis. HTH in doses sufficient to produce one
part per million free available chlorine residuals
after 30 mimutes’ contact time has been shown to
destroy the infectious organism. In filtered or nat-
urally clear water one iodine tablet in a canteen
of water has been shown to produce complete pro-
tection after 5 minutes’ contact time. In the pres-
ence of high organic content, however, even two
tablets of iodine per canteen after 30 minutes’ con-
tact time may prove insufficient to kill all the cer-
carise. Under these circumstances, highly turbid
waters must either be filtered and clarified or be
allowed to stand for 48 hours prior to use inasmuch
as the cercariae die a natural death in that period
of time.

5-81. Chlorination Equipmant

1) Chlorination equipment at Navy installations
is selected. Installed and operated by the Public
Works Department under the management control
of the Chief of the Buresu of Yards and Docks. At
Marine Corps managed installations this work is the
responasibility of the maintenance officer or public
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works officer under the management control of the
Commandant of the Marine Corps. The follow-
ing information has been extracted from reference
4. For more detailed information on this subject,
refer to this publication.

(a) Chlorination equipment should have a min-
imum capacity at least 50 percent greater than the
highest expected rate of feed.

(+ sutomatic proportioning of rate of chlorine
feed to rate of water treated should be provided at
all plants where the flow varies more than 50 per-
cent from the average. Manual control should be
permissible only where the rate of fiow is relatively
constant and an attendant is always at hand to
effect promptly any necessary adjustments in dosage.

(¢) All chlorination equipment should be in-
stalled in duplicate to ensure uninterrupted opera-
tion. Duplicate units should be operated frequently
to assure workability. A complete stock of spare
parts a..d tools should be maintained for emergency
replacements and repairs.

(d) Chlorination equipment should be capable
of satisfactory operation under every condition at
the plant. A supply of water, free of coarse sus-
pended matter, should be available under adequate
pressure to ensure the continuous operation of solu-
tion-feed chlorinators. Alternative sources of power
for maintaining this pressure should be provided
where hecessary to ensure continuous operation.

(e) Scales, preferably of the recording type,
should be provided for weighing cylinders of chlorine
in order to obtain loss-of -weight figures for checking
the rate of feed setting on the chlorinators.

(f) A sufficient number of cylinders of chlorine
should be connected to chlorinators in use to assure
adequate operating pressures at all times.

(g) A sufficient stock of chlorine gas or chlorine
compounds should be on hand to preclude any dan-
ger of exhausting the supply of chlorine.

(h) Hypochlorite solutions should be prepared
in 8 separate mixing tank and then diluted and
allowed to settle so that only clear liquid is with-
drawn to the solution storage tank which supplies
the chlorinator.

iy The strength of hypochlorite solutions
should be checked frequently and should be renewed
as frequently as necessary to maintain them at satis-
factory strength for accurate control of chlorina-
tion.

(§» Chlorinators for feeding gas, and cylinders
of chlorine should be housed above ground in special
rooms, provided with exhaust fans that can be set
in operation from outside the room and provided
with heating and, if necessary, cooling facilities to
maintain temperature above 80° F., but below max-
imum outside summer temperatures. Heat shall
never be applied directly to chlorine cylinders.
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(k) Suitable gas masks and a bottle of ammonia
for testing for leaks should be kept immediately
outside of rooms in which chlorine gas is stored or
used.

5-82. Operation and Laboratory Control

(1) Every water purification and disinfection
plant should be under the charge of a technically
trained supervisor. Plants treating variable or
highly polluted raw waters should have continuous
and full-time trained supervision. Under some con-
ditions small plants may be left in the hands of
attendants or operators who lack scientific training
but who have been instructed in the mechanical
operation of equipment. In such plants the super-
visor should be in constant touch with plant attend-
ants. He should be on call in any emergency and
should visit the plant as often as is necessary to
assure the safety of the water.

(2) Por the ordinary filter plant, the minimum
schedule of laboratory tests should include deter-
minations of turbidity, color, alkalinity, pH, hard-
ness, bacterial counts, coliform bacterial numbers,

residual chlorine and, where coagulation is used,
jar tests to control the dosage of coagulants. The
frequency of testing required for proper operation
control of a filter plant depends on the character of
the water treated and on its variability. Bacterial
counts and coliform tests on the raw and finished
water should be made dally. Turbidity and chlorine
residusls in the finished water should be determined
hourly.

5-63. Judging the Efficiency of Operation

(1) In judging the efliciency of operation of &
water plant the foilowing important items should
receive consideration:

(8) Training and experience of supervisor and
operating staff.

(b) Adequacy of operation records.

(c) Efficiency of laboratory control.

(d) Suitability of plant design to the character
and pollution of the raw water.

(e) Capacity of plant in relation to the average
and maximum output required.

(f) Freedom of plant from sanitary defects.
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APPENDIX A*

BACKGROUND UBED IN DEVELOPING THE 1962
DRINKING WATER STANDARDS

‘The Public Health Bervice Drinking Water Stand-
ards of 1962 have been predicated upon the best and
latest information available at the time of their
promulgation. The concepts and rationale included
in this Appendix were used in making this revision
and should enable those whose responsibility it is
to interpret. apply. or enfarce the Standards to do
20 with understanding, judgment, and discretion.

A—Source and Protection

A—SOURCE AND PROTECTION OF
SUPPLY

Mounting pollution problems indicate the need
for increased sitention to the quality of source wa-
ters. Abatement and control of pollution of sources
will significantly aid.in producing drinking water
which will be in full compliance with the provisions
of these Standards and will be esthetically acceptable
to the consumer.

Production of water supplies which poses no
threat to the consumer's health depends upon con-
tinuous protection. Because of human frailties as-
sociated with this protection, priority should be
given to selection of the purest source. Polluted
sources should be used only when other sources are
economically unavallable and then only when the
provision of personnel, equipment, and operating
procedures can be depended upon to purify and
otherwise protect the drinking water supply con-
tinuously.

Well waters obtained from aquifers beneath im-
pervious strata. and not connected with fragmented
or cavernous rock, are usually considered sufficiently
protected tc preclude need for purification. How-
ever, ground waters are becoming polluted with in-
creasing frequency and the resulting hazards require

*This Appendix is copled from the PES Drinking Water
Standards, 1962, with the omission of references. The com-
plete Standards (PHS Pubdlication No. #58) may be obtained
from the Buperintendent of Documents, U.8. Government
ri Ofice, Washi

D.C.. 20402—Price 30 cents.
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special surveillance. An fllustration of such pollu-
tion is the presence of chemical pollutants originat-
ing either from sewage or industrial effuents. Sur-
veillance of tire safety of these water supplies should
include chemical, physical, radiological, and biolog-
ical examination.

Surface waters are subjected to increasing pollu-
tion and although some surface waters may be suffi-
ciently protected to warrant their use as a supply
without coagulation and filtration, they are be-
coming rare. Surface waters should never be used
without being disinfected. Because of the increasing
hazards of pollution, the use of surface waters with-
out coagulation and filtration must be accompanied
by intensive surveillance of the quality of the raw
water and the disinfected supply in order to assure
constant protection. This surveillance should in-
clude sanitary survey of the source and water han-
dling, as well as biological, radiological, physical,
and chemical examination of the supply.

The degree of treatment should be determined
by the health hazards involved and the quality of
the raw water. During times of unavoidable and
excessive pollution of a source alrcady in use, it may
become necessary to provide extraordinary treat-
ment (e.g., exceptionally strong disinfection,' im-
proved coagulation, or special operation). If the
pollution cannot be removed satisfactorily by treat-
ment, use of the source should be discontinued
until the pollution has been reduced or eliminated.
When used, the source should be under continuous
surveillance to assure adeguacy of treatment in
meeting the hasards of changing pollution condi-
tions.

The adequacy of treatment should be judged, in
part, upon a record of the quality of water produced
by the treatment plant and the relation of this
quality to the requirements of these Standards.
Evaluation of adequacy of protection by treatment
should also include frequert inspection of treatment
works and their operation. Conscientious operation
by well-trained, skiliful, and competent operators is
an essential part of protection by treatment. Oper-

! See reference to relationship of chlorine residual and

contact time required to kill viruses, in section on Micro-
blology.
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ator competency is encouraged by a formal program
leading to operator certification or licensing.

Deljvery of a safe water supply depends upon the
protection of the water in the distribution system as
well as protection of the source and by treatment.
Minimum protection in the distribution system
should include programs which result in the pro-
vision of sufficient and safe materials and equipment
to treat and distribute the water; disinfection of
water mains, storage facilities, and other equipment
after each installation, repair, or other modification
which may have subjected them to possible con~
tamination; prevention of health harzards, such as
cross~connections or loss of pressure because of over-
draft in excess of the system's capacity; and routine
analysis of water samples and frequent survey of
the water supply system to evaluate the sdequecy of
protection. The fact that the minimum number of
samples are taken and analyzed and found to com-
ply with specific quality requirements of these Stand-
ards is not sufficient evidence that protection has
been adequate. The protection procedures and
physical facilities must be reviewed along with the
results of water quality analyses to evaluate the ade-
quacy of the supply's protection. Knowledge of
physical defects or of the existence of other health
hazards in the water supply system is evidence of a
deficiency in protection of the water supply. Even
though water quality analyses have indicated that
the quality requirements have been met, the defl-
clencies must be corrected before the supply can be
considered safe.

B—MICROBIOLOGY
BACTERIOLOGICAL QUALITY

The bacteriological requirements for drinking wa-
ter as specified by the 1948 Drinking Water Stand-
ards have been discussed extensively.

Coliform Group

Of the two bacteriological examinstitns—(a)
agar plate count for 24 hours at 38° C, and (b’ quan-
titative estimation nf the coliform group which have
come to be recognized generally—the test for orge-
nisms of the coliform group is almost universally
conceded to be the most significant. The plate count
at 35° C or (20° C) incubation temperature is not
required in the definition of a safe standard for
potable waters but is useful as a routine quality
control test in the various water treatment proce-
dures and as s method for estimating the sanitary
conditions of basins, filters, etc.

It does not seem advisable to repeat extensive dis-
cussions of the principles involved in the quantita-
tive interpretation of fermentation tests according
to the ‘“most probable number” concept in multiple
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portions of equal volume and in portions oconsti-
tuting a geometric series.

COLIFORM GROUP AND FECAL OOLIFORM
ORGANISME AS INDICATORS OF POLLUTION
IN DRINKING WATER'

The coliform group, as specified in U.8. Public
Health Service Drinking Water Standards is defined
in Standard Methods: “The ooliform group includes
all of the aerobic and facultstive anerobie, Gram-
negative, nonspore-forming, rod-shaped bactll'
which ferment lactose with gas formation within
48 hours at 35° C.”

‘The coliform group includes organisms that differ
in bjochemical and serologic characteristics and in
their natural sources and habitats. Escherichia coli
is characteristically an inhabitant of human and
animal intestines, Aerobacter aerogenes and Aero-
bacter cloacae are frequently found on various types
of vegetation and in materials used in joints and
valves of pumps and in pipelines. The intermediate-
acrogenes-cloacae (I.A.C.) subgroups may b» found
in fecal discharges but usually in smaller numbers
than Esch. coli. Aer. aerogenes and intermediate
types of organisms are commonly present in soil
and in waters polluted sometime in the past. An-
other subgroup comprises plant pathogens and
other organisms of indefinite taxonomy about whose
habitat information is limited. All the subgroups
may be found in sewage and in polluted waters.
Esch. coli is therefore frequently referred to as
“fecal coli”; the I.A.C. group as ‘“nonfecal.” It
must be remembered, however, that these terms are
only relative.

Survival Times

Available information indicates that organisms of
the LA.C. group tend to survive longer in water than
do fecal coliform organisms. The 1. A.C. group alsd
tends to be somewhat more resistant to chlorina-
tion than Esch. colf or the commonly occurring bac-
terial intestinal pathogens. Because of these and
other reasons, the relative survival times of the coli-
form subgroups may be useful in distinguishing
recent from less recent pollution. In waters re-
cently contaminated with sewage, it is expected that
fecal coliform organisms will be present in numbers
greater than those of the T.A.C. subgroup. But in
waters that have been contaminated for a con-
siderable length of time or have been insufficiently
chlorinated, organisms of the I.A.C. subgroup may be
more numerous than fecal coliform organisms.

1'This article authorised by Paul W. Kabler and Harcia F.
Clark, was published in J. Am. Water Works A. and Is
reprinted as a part of tais dix by p of the
AWWA.
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Differentiation of Organisms

Becauss various members of the coliform group
normally grow in diverse natural habitats, attempts
have been made to differentiate the population in
polluted waters according to their original sources.
In his ploneer work, MacConkey defined the aero-
ganes group in terms of certain fermentation char-
asteristics, abllity to produce indole, and reaction in
the Voges-Proskauer test. Many contributed to the
development of techniques and laboratory data that
diferentisted the coliform group on the basis of
indole production. methyl red and Voges-Proskauer
reactions, and citrate utilization (IMVIC tests) into
the Esch. coli, aerogenes, intermediate, and irregular
subgroups. The Eijkman test was further developed
to distinguish organisms of fecal origin from those of
nonfecal origin by increased temperature incubation.
Senitary Significance

Informsation on the sanitary significance of the
various types of coliform organisms is incomplete.
In relation to untreated waters, however, the present
position may be thus stated:

Fecal ooliform organisms (Esch. coli) may be
considered indicators of recent fecal pollution. No
satisfactory method is currently available for differ-
entiating fecal coliform organisms of human and
animal origin. Therefore, it is necessary to consider
all fecal coliform organisms as indicative of danger-
ous contamination.

In the absence of fecal coliform organisms, the
presence of I.AC. group organisms in untreated
waters may be the result of relatively less recent
fecal pollution, soil runoff water, or infrequently,
fecal pollution containing only the LA.C. group.

In general terms, the presence of fecal coliform
organisms indicates recent and possibly dangerous
pollution. The presence of 1.A.C. organisms suggests
less recent pollution or reveals the existence of de-
fects in water treatment or distribution.

Summary

The presence of any type of coliform organism in
treated drinking water suggests either inadequate
treatment or access of undesirable materials to the
water after treatment. Although there are some
differences between strain and subgroup organisms
with regard to survival under natural conditions
and resistance to chlorination, in general all the
coliform organisms exhibit survival and resistance
patterns in the same order of magnitude. The pres-
ence of coliform organisms (as defined earlier) in
treated water calis for definitive action for their
elimination.

Insofar as bacterial pathogens are concerned, the
coliform group is considered a reliable indicator of
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the adequacy of treatment. As an indicator of pollu-
tion in drinking water supply systems, and indirectly
a8 an indication of protection provided, the coliform
group is preferred to fecal coliform organisms (Esch.
coli). Whether these considerations can be extended
to include rickettsial and viral organisms has not
been definitely determined.

Fecal Streptococet as Indicators of Pollution

Fecal streptococel appear to be charscteristic of
fecal pollution, being consistently present in both
the feces of all warm-blooded animals and in the
environment associated with animal discharges.
They do not multiply in streams or surface waters to
yield overgrowths as sometimes occur with the coli-
Jorm group. 8o far as is currently known, they are
rare in soil or on vegetation not subject to continued
fecal pollution. Therefore, the presence of fecal
streptococe! in a water indicates fecal pollution with
the density equal to those originally present or re-
duced by natural purification processes.

By careful analysis of the streptococcal species
present, the source of the fecal pollution can be
estimated. For example: predominating strains of
Streptococcus fecalis indicate human fecal pollu-
tion; S. bovis and S. acidominimus predominate in
bovine excrement but are rarely present in human
feces (about 0.4 percent of Streptococcus density);
while in porcine excretal material, the species are
about one-third S. fecalis (atypical types), one-
third S. bovis and one-fourth S. acidominimus.
Thus, it may be possible to separate human from
other animal pollution and further studies of vari-
ous animal excrement may permit further inter-
pretations.

Improved methods and medta are urgently needed
for the analysis of streptococcal group. Investiga-
tions on the distribution of the various species of
streptococel in nature should be diligently pursued.
Azide Dextrose—EVA—multiple-tube procedure
yields good results with the streptococci species pres-
ent in humans but is relatively ineflicient for the
analysis of fecal streptococci present in other ani-
mals. The Slanetz MF procedure yields a few more
species. The KF streptococcus medium and bio-
chemical test procedures appear to offer promise
of & more complete enumeration of fecal streptocoeei.

The streptococcus group in potable waters which
are not chlorinated or which are in surface waters
to be treated, appears to have certain advantages
as indicator organisms in the interpretation of the
type of pollution present. However, they do not ap-
pear to have any advantage over the coliform group
in the examination of adequately chlorinated po-
table water.
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Enteric Viruses in Water

Enteric viruses (infectious hepatitis, poliomyelitis,
Coxsackie, and ECHO) should be considered as
waterborne infectious agents. Epidemiological evi-
dence indicates that treated water from a public
supply is not a frequent carrier of such organisms.
Clarke and Chang have recently reviewed both the
published reports on outbreaks of infectious hepati-
tis and poliomyelitis and laboratory evidence on the
resistance of various enteric viruses.

An estimated 20,000 to 40,000 cases of infectious
hepatitis were reported in Delhi, India (1955-58),
attributable to treated municipal water supply. The
outbreak waz not accompanied by noticeable in-
crease of typhoid fever and other intestinal diseases.
This indicates that, in practice, the virus of infec-
tious hepatitis is more resistant to chlorine (chlor-
amine) than are vegetative bacteria. On the
strength of epidemiological evidence, poliomyelitis
outbreak in Edmonton, Canada was attributed to
the drinking (treated) water supply. Kelly and
Sanderson showed (1958) that inactivation of enteric
viruses (Polio virus I:MK 500 and Mahoney and
Coxsackie BS) in water at pH 7, and 25° C requires s
minimum free residual chlorine of 0.3 mg/1 for at
least 30 minutes. At higher pH levels or lower tem-
peratures, either more chlorine or longer contact
time is required. The same authors (1960) showed
that for the same viruses in water at 25° C and a pH
of 7, a concentration of at least 9 mg/1 combined
residual chlorine is necessary to inactivate with a
contact period of 30 minutes; of 6 mg/1 with a 1-
hour contact time; 0.5 mg/1 with a contact period of
more than 7 hours.

Sabin found 10* TcDs. of polio virus per gram of
feces in human stools. Neefe et al. estimated there
were 10' to 10" infectious doses of infectious hepa-
titis virus per gram of feces from human cases.
Other estimations of viral content in feces have been
in the same order of magnitude or less. Human
feces normally contain 10* to 10* coliforms bacteria
per gram. An estimated mean value is 10° coliforms
per gram. Because nearly all feces contain coliform
organisms and only a relatively small portion (2 to
20 percent) contribute pathogenic virus, domestic
sewage normally ccntains approximately 10,000
times as many coliforms as virus. Virus populations
in sewage and polluted waters are subject to die-
aways due to aging, adsorption, and sedimentation,
dilution, and various undetermined causes. It is
likely, therefore. that the virus content of polluted
surface waters, wells, etc., is quite low when judged
on the basis of the coliform-virus ratio. This rela-
tively Jow virus content may account for the appar-
ent paucity of virus infections attributed to such
sources. The possibility of waterborne epidemics
remains, and the eficacy of various water treatment
processes including high free chlorine dosages and
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increased contact times should be further investi-
gated.

Virology techniques have not yet been developed
to a point where virus enumerations can be recom-
mended as a routine procedure in
examination of drinking water. Development of
methodologies to permit such examination is cur-
rently under investigation but may require extended
periods of study before perfection. The objectives
of a research program under which several labora-
tories could cooperate should include the accumula-
tion of sufficient data and the development of
methodologies on which to base standards. In the
intirim, control laboraluries having access to fa-
cilities for virus isolation and identification should
be encouraged to utilize the best available procedures
for evaluating the occurrence of enmteroviruses in
treated waters.

C—PHYSICAL CHARACTERISTICS

Turbidity, color, and odor requirements are easily
attained during general use by properly designed
and operated treatment plants and distribution
systems. Failure to meet these requirements is an
indication of either inadequate treatment facilities
or improper operation of the system. Supplies used
without treatment should also meet these require-
ments. It should not be implied that these turbidity
limits represent acceptable efluent standards for
water treatment plants. Such plants should rou-
tinely produce water with a turbidity of less than
one unit.

Although these tests do not directly measure the
safety of the water, they are related to consumer
acceptance of the water. The levels of 5 units of
turbidity, 15 units of color, and a threshoid odor
number of 3 are levels at which these characteristios
become objectionable to a considerable number of
people. Experience has shown that under such cir-
cumstances, many people turn to alternate supplies
which may be less safe.

D-—CHEMICAL CHARACTERISTICS
INTRODUCTION

In its report, the Advisory Committee defined
guidelines which were used in developing the stand-
ards. The following pages present detailed data
and the reasoning used in reaching the various
chemical limits.

In general, “grounds for rejection™ limits are
based on the fact that the substances enumerated
represent hasgards to the health of man. In ar-
riving st specific limits, the total environmental
exposure of man to a stated specific toxicant has
been considered. The Committee has attempted to
set limits at the lowest practical level in order to
minimize the amount of a toxicant contributed by
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walae, partioularly when other sources such as milk,
food, or air are known to represent the major ex-
pesure of man.

The lmits, which should not be exceeded when
more suitable water supplies can be made available,
are based on factors which render a supply less de-
sirable for use. Thase considerations relate to ma-
terials which impart ohjectiomable taste and odor
t0 water, render it economically or aesthetically in-
ferior, or eve-toxic to fish or plants. In one instance
(Caxbon Chloroform Extract), the limit is expected
also to have utility as a generalized procedure for
Hmiting toxic exposure to organic chemicals.

The Drinking Water Standards are regarded as a
standard of quality which is generally attainable
by good water quality control practices. Poor prac-
tice is an inherent health hasard. It has been the
policy of the Committee to set limits which are not
30 low as t0 be impracticable nor so high as to en-
courage pollution of water.

No attempt has been made to prescribe specific
limits for every toxic or undesirable contaminant
which might enter a public water supply. While
the Committee is fully cognizant of the need for
oontinued attention to chemical contaminants of
water, the Standards are limited to recognized need.
Standards for innumerable substances would require
an impossible burden of analytical examination.

ALKY]L BEMZENE SULFONATE
(Anijonic Surfactant)

The surfactant ls a synthetic organic chemical
having high residual affinity at one end of its mole-
cule and low residual affinity at the other. Its vig-
orous surface activity justifies not only its name but
1ta use as a principal ingredient of modern household
detergents. Burfactants may be divided into two
broad chemical classifications, ionic and nonionic.
Ionic types may be either anionic (—) or cationic
(4). Alkyl benzene sulfonate is a typical anionic
surfactant.

Contamination of drinking water supplies with
surfactants results from their disposal, as household
and industrial wastes, into sources of raw water.
Such contamination is appearing in supplies from
both surface and ground waters. Other potential
sources of human intake of surfactants are inade-
quately rinsed cooking and househoid utensils and
dinnerware and food.

More than 75 percent of the surfactants in house-
hold detergents are of the anionic type. Alky! aryl
sulfonates account for almost three-quarters of
these, the remainder being mostly alkyl sulfates.
Next in extent of such use are the nonionics, the
cationics making up only a mmall percentage. Hence,
the anionic group comprises the specific materials
of this type most apt to be present in raw water
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supplies if any at all are present. The principal
agent in this anjonic group is the sodium salt of
the sulfonation product of dodecylbenzene, an alkyl
aryl sulfonate, termed alkyl benzene sulfonate or
simply ABS. 1t is largely for this reason that ihe
degree of detergent contamination is established
currently in terms of the concentration of alkyl
bengene sulfonate (ABS), for which quantitative
determination can be made by practical and rea-
sonably satisfactory laboratory procedures.

In general, commercial ABS is produced by con-
densing polypropylene (typically the tetrapolymer)
with benzene, followed by a distillation cut to yield a
reproducible product. ABS is thus a controlled
mixture of isomers and homologues of dodecylben-
zene, which upon sulfonation may be represented
by the following typical structure:

Culy

OsNsa

Concentrations of anionic surfactants found in
drinking waters have ranged from 0 to 2.6 mg/1 in
well water supplies and from 0 to 5 mg/1 In river
water supplies. In one instance, a municipal water
supply contained 5 mg,/1 when a period of drought
necessitated use of an impounded, highly purified
sewage treatment plant effluent as a raw water
supply.

In a study made for the purpose, 10 percent of
those uaing water containing less than 1 mg/1 anionic
sulfonated detergents complained of an off-taste,
whereas all those using water containing 1.5 mg/1
complained of an off-taste. Frothing was also &
common complaint occurring most frequently at con-
centrations of 1 mg/1 and above. The off-taste has
been described as oily, fishy, or perfume-like. ABS
itself is essentially odorless. The odor and taste
characteristics are likely to rise from the degrada-
tion of products of other wastes rather than from
ABS. The concentration of ABS in municipal sew-
age is of the order of 10 mg/1. Thus waters con-
taining ABS are likely to be at least 10 percent of
sewage origin for each mg ABS/1 present.

From the basic toxicologic point of view, there are
two reports which are especially pertinent to the
present consideration.

1. The Toxicologic Subcommittee of the Food
Protection Committee of the Food and Nutrition
Board, National Research Council, published a com-
prehensive report in 1958 bearing on the question of
surfactants in food. Reviewing extensively the acute
and chronic toxicity studies which have been re-
ported on these chemicals, they found that there
appears to be little specific relationship of toxicity
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to surface activity (reduction of interfacial tension).
In conclusion, it was stated that:

() There are no toxic effects common to all
surfactants.

(b) Burface activity per se is not a measure of
toxicity.

(¢) The safety of each surfactant used in food
must be determined separately.

The report pointed out that surfactants may oc-
cur fortuitously in some foods in amounts of a few
parts per million and that: “It appears probable
that the interfaclal tension existing in the diges-
tive tract of a healthy human is so low that it will
not be further lowered by the small amounts of
synthetic surfactants which may be present in food.”

2. In a report on an investigation dealing with the
chronic and subacute toxicity for rats of several
surface-active agents, among which was sodium
alkyl aryl sulfonate, Fitzhugh and Nelson declared
that: “The toxic effects of the surface-active agents
studied in the experiments were produced by irrita-
tion of the gaslioiulesilinas tiaci .10,000 ppm or
more in the diet). To an extent which depended on
the concentration of the surface-active agents in the
diet, this irritation prevented proper nutrition. In
severe cases of lrritation, death resulted.

It is recommended that alkyl benzene sulfonste
(ABS8) in drinking water be limited to 0.5 mg/1, in-
asmuch as higher concentrations may cause the
water to exhibit undesirable taste and foaming.
Concentrations of ABS above 0.5 mg/1 are also in-
dicative of questionably undesirable levels of other
sewage pollution.

An ABS concentration of 0.5 mg/1 in drinking
water, in teims of a daily adult human intake of 2
liters, would give a safety factor of the order of
15,000, calculated on the results of subacute and 2-
year tests on rats fed diets containing' ABS. In
these rat studies, it was found that levels of ABS in
the diet of 0.5 percent and below produced no dis-
cernible physiological, blochemical, or pathological
deviations from normal.

Human experience (8 subjects) with oral doees
of purified ABS of 100 mg (equivalent to 2 liters of
water containing 50 mg ABS/1) daily for 4 months
led to no significant evidence of intolerance.

ANTIMONY*

Due to the limited knowledge concerning the prop-
erties of the various antimony compounds and the
few instances reported in which antimony in water
constitutes a problem, antimony was not considered
for inclusion in the U.8. Public Health Service Drink-
ing Water Standards, 1962.

*Not contained in PHS Drinking Water Standards, but
these Iimits were determined by the Bureau of Medicine and
Surgery, the U.S. Public Bealth Service. and other authorities
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However, antimony contamination of ths water
supply at & military installation prompted s review
and investigation of the problem. The anthmony
levels herein stated were formulsted by the Burean
of Medicine and Surgery upon consultation with
the U.S8. Public Health Service, National Research
Couneil, and numerous other authorities.

Potassium antimony tartrate (tartar emetie) is
one of the oldest medicinal metallic preparations,
but its apparent toxicity has resulted in declining use
in recent years. Toxic reactions are similar to
arsenic reactions and include generalized irritation,
depression and occasional coma, and collapse from
systemic effects. The nauses and emetic propertiss
of antimony compounds, due to irritation of the gas-
tric and intestinal mucosa, represent a distinct safe-
guard against oral ingestion of these materials.
Fatal doses cannot accurately be estimated due to
the emetic action but literature does record deaths
from doses of 100 mg or more.

Antimony poisoning in children as a result of
drinking pink lemonsade which had been stored over-
night in an agate pot was reported in 1958 (Werrin).
Symptoms were primarily nausea and intense
vomiting, severe abdominal pain, and diarrhea.

Antimony and arsenic are similar metals. How-
ever, antimony is considered to be, with respect to its
inorganic compounds, much less toxic than similar
arsenic compounds. This statement does not hold
true for organic compounds; as an example, whereas
antimony trioxide has a lethal oral dose for the rat
greater than 20,000 mg/kg body weight, that of the
tartrate is from 50-120 mg/kg for various small ani-
mals. Corresponding data for arsenic trioxide vary
from 13-140 mg/kg for various animal species.

Available information on the chronic toxicity of
antimony relative to that of arsenic indicates that
the chronic toxicity, although slightly less, is not
remarkably less than that of arsenic.

It is the opinion of the U.S. Public Health Bervice
that if the antimony limit does not routinely exceed
0.08 ppm, there will not be a hazard to health. If it
should on occasion reach 0.1 ppm, there should not
be cause for alarm. It is, of course, desirable that
over long-time periods, the presenoce of this metal
be kept t6 below the level recommended for arsenic,
namely, 0.01 ppm.

ARSENIC

The widespread use of inorganic arsenic in inssc-
ticides and its presence in animal foods, tobacco, and
other sources, make it necessary to set a limit on the
oonoentration of arsenic in drinking water.

Normal human blood contains approximately 0.084
mg of arsenic per 100 ml, whereas urine may oon-
tain from trace amounts up to 5 mg per day. Arsenic
is found in many foods in varying amounts, oceur-
ring naturally in some foods and introduced in others
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and this slow excretion is in part the basis for its

Both trivalent and pentavalent arsenic are easily
absorbed from the gastrointestinal tract and lung,
and become distributed throughout the body tissues
and fluids. The toxicity of the pentavalent form is
believed jo0 be due to its reduction to the trivalent
state. Inorganic arsenicals are potent inhibitors
of the intracellular SH ensymres involved in cellular
oxidations. The concentration of arsenic in kidney,
liver, and the walls of the intestine can lead to seri-
ous consequences.

Recent evidence supports the view that arsenic

senic dust and showed a higher incidence of skin
and lung cancer than other occupational groups.
Ulceration of the nasal sept.m appears to be a com-
mon finding among workers exposed to inorganic
arsenic. The incidence of skin cancer has also besn
reported to be unusually high in areas of Englangd
where arsenic was present in drinking water at a
levelof 12mg/1.

Arsenic concentrations of from 2 to 4 mg/1 are
reported not to interfere with the self-purification
of stceams, nor have arsenic concentrations of 3
to 14 mg/1 been harmful to mayfly nymphs and 10
to 20 mz/1 to dragon and damsel flies. Bass have
tolerated 6 mg/1 for 232 hours. A conoentration
of 15 mg/1 proved toxic to crappies and blue gills,
and 20 mg/1 (as sodium arsenite) proved harmful
to minnows after 36 hours exposure.

The US. Public Health Bervice Drinking Water
Standards for 1946 established an arsenic limit of
0.08 mg/1. In light of our present knowledge con-
cerning the potential health hazard from the inges-
tion of inorganic arsenic, the concentration of ar-
senic in drinking water should not exceed 0.01 mg/1
and concentrations in excess of 0.05 mg/1 are
grounds for rejection of the supply.
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BARIUM

Reference to a limiting concentration for barfum
in the Public Health Service Drinking Water Stand-
ards of 1946 is confined to “salts of barium . . . shall
not be added for water-treatment purposes.” No
reference to barium is made in the International
Drinking Water Standards of 1958. Barium occurs
naturally in some mineral springs as the carbonate
salt.

Barium is recognized as a general muscle stimu-
lant, including especially the heart muscle. The
fatal does for man is considered to be from 0.809 g
as the chloride (550-600 mg Ba). Most fatalities
have occurred from mistaken use of barium salts in-
corporated in rat poison. Barium is capable of
causing nerve block and in small or moderate doses
produces transient increase in blood pressure by
vasoconstriction. Aspirated barium sulfate has been
reported to result in granuloma of the lung and
other sites in man. Thus, evidence exists for high
acute toxicity of ingested soluble barium salts, and
for chronic irreversible changes in tissues resulting
from the actual deposition of insoluble forms of
barium in sufficient amounts at a localized site. On
the other hand, the recent literature reports no
accumulation of barium in bone, muscle, or kidney
from experimentally administered barium salts in
animals. Most of the administered dose appeared
in the liver with far lesser amounts in the lungs and
spleen. This substantiates the prior finding of no
measurable amounts of barium in bones or soft tis-
sues of man. Later, more accurate analysis of hu-
man bone (British) showed 7 ug Ba/g ashed sample,
but no increase in bone barium occurred from Lkirth
to death. S8Small amounts of barilum have been
shown to go to the skeleton of animals when tracer
amounts of barium-140 were used, but no determi-
nations of barium have been made in animals to
which barium had been repeatedly administered for
long periods.

No study appears to have been made of the
amounts of barium that may be tolerated in drink-
ing water or of effects from prolonged feeding of
barjum salts from which an acceptable water stand-
srd may be set. A rational basis for a water stand-
srd may be derived from the threshold limit of 0.5
mg Ba/m’ air set by the American Conference of
Governmental Industrial Hygienists by procedures
that have been discussed. By making reasonable
assumptions as to retention of inhaled barium dusts
snd absorption from the intestine (and including a
safety factor) 1 mg/1 is derivable as a limit that
should constitute a “no effect” level in water. Con-
centrations of barium in excess of 1 mg/1 are
grounds for rejection of the supply because of the
seriousness of the toxic effects of barium on the
heart, blood vessels, and nerves.
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CHAPTER 8. WATER SUPPLY ABHORE

Limits and Ranges Relative to Barium Standard

1. Average U.8. urban air concsntration__.
2. Surface and ground waters_.._......_..

3. Concentrations harmful to fish
4. Coneentrations harmful to Daphnia

Magna
5. Barlum content of Brasxil nuts (Only food with barfum in

considerable u::‘ounu) _______________

BadO..

BaCOs.

Bal,...

The solubility of relatively insoluble barium salts

such as the sulfate may be increased in the presence

of iron, magnesium, and aluminum salts, 0 that in

the presence of the latter, calculations of solubility
from the solubility product may not apply.

CADMIUM

As far as is known, cadmium is biologically a non-
essentisl, nonbeneficial element. On the other hand,
cadmium is recognized to be an element of high toxic
potential. Slight cognizance has been taken of
this in water quality control as evidenced by the
fact that only the USSR, and in the United States,
North Dakota, have set a permissable water stand-
ard for cadmium, 0.1 mg/1 by the former and 0.4
mg/1 a8 a tentative value by the latter. Recogni-
tion of the serious toxic potential of cadmium when
taken by mouth is based on: (a) polsoning from
cadmium-contaminated food and beverages; (b)
epidemiclogic evidence that cadmium may be as-
sociated with renal arterial hypertension under cer-
tain conditions; (c) long-term oral toxicity studies
in animals.

The possibility of cadmium being s water con-
taminant has been reported in 1954; seepage of
cadmium into ground water from electropiating
plants has resulted in cadmijum concentrations
ranging from 0.01 Yo 3.2 mg/l. Other sources of
cadmium contamination in water arise from zine-
galvanized iron in which cadmium {s & contaminant.

Several instances have been reported of poisoning
{rom eating substances contaminated with cadmium.
Agroupolncboolchudrenweremmbye.ﬂnx
bopsicles containing 13 to 15 mg/1 cadmium. This
is commonly considered the emetic threshold eon-
centration for cadmium. It has been stated that
the concentration and not the abeolute amount de-
termines the acuie cadmium toxicity: equivalent
concentrations of cadmium in water are likewise
considered more toxic than equivalent concentra-
tlons in food probably because of the antagonistic
effect of components in the food.

Chronic oral toxicity studies in rets, in whioh
eadmium chloride was added to varlous diets at
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levels of 18, 45, 75, and 135 ppm cadmium, showed
marked anemia, retarded growth, and {n many in-
stances death at the 135 ppm level. At lower oad-
mium levels, anemia developed later; only one ead-
mijum-fed animal had marked anemia at the 15
ppm level. Bleaching of the incisor teeth occurred
in rats at all levels except in some animals at 18 ppm.
A low protein diet increased cadmium toxicity. A
maximal “no effect” level was thus not established
in the above studies. A dietary relation t0 cadmium
toxicity has been reported by others.

Pifty rpm cadmium administered as cadmium
chloride in food and drinking water to rats resulied
in a reduction of blood hemoglobin and lessened
dental pigmentation. Csdmium did not decrease
experimental cariex.

mium, 5 groups of rats were exposed to drinking
water containing levels from 0.1 to 10 mg/1. Al-
though no effects of cadmium toxicity were noted,
the content of cadmium in the kidney and liver
increased in direct proportion to the dose at all
levels including 0.1 mg/1. At the end of 1 year,
tissue concentrations approximately doubled those
at 6 months. Toxic effects were evident in & 3-
month study at 50 mg/1.

Thus. all levels of dietary cadmium s far tested
have shown cadmium accumulation in the soft tis-
sues down to and including 0.1 mg/1 (in drinking
water). Because the presence of minute amounts
(3X10°M) of cadmium in rat liver mitochondris
has been shown to interfere with an important path-
way of metabolism (uncoupled oxidative phosphory-
lation), and because suspicion has been cast on the
Presence of minute amounts of cadmium in the kid-
ney as responsible for adverse renal arterial changes
in man, concentrations of cadmium in exoess of
0.01 mg/1 in drinking water are grounds for rejec-
tion of the supply.

WM&MW&.M&W«OAIM
can be tolerated is found in a study made on Jong-
continued cadmium sheorption, without history of
symptoms, in individuals whose drinking water had
an average cadmium content of 0.047 mg/1.
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Limite and Ranges Belative to Cadmium Water Standard

U.8. average urban air concentration (1054-86)..___________.__. 0.008 ug Cd/m’
U.8. range urban air coneentration (1964-88)__.____. .. ... _ 0-0.500 ug Cd/m’
Od coneemtration lethal to minnows____._ ________________ . _____ 1,000 1

Od eonoentration lethal 4o stickleback ... ______________________ 0.90 mg/1

Od sonesntration in tobseco_. ... ... ___ . ______________. ¥ot known

Od eonoemtrationimfoods ... .. . . ..__.__. Not known

CARBON CELOROFORM EXTRACT

The wse of Carbon Chiloroform Extract (CCE) as
& practical measure of water quality and as a safe-
guard against the intrusion of sxocessive amounts
of potentially toxic maserial into water has been dis-
cuased elsewhere. It is proposed as a technically
practical procedure which will afford a large measure

The most desirable condition is one in which the
water supply delivered to the consumer contains
no organic residues. Residual organic matter in the
treated water clearly represents man-made or natu-
ral pollutants which have not been removed in water
treatmont or material such as lubricants inadvert-
ently introduced by the water plant. In view of &
general inability to clearly define the chemical and
toxiocological nature of this material, it is most de-
sirable to limit it to the lowest obtainable level.
Analysis of data available indicates that water
supplies containing over 200 micrograms CCE/1 of
water represent an exceptional and unwarranted
dosage of the water consumer with {li-defined chem-
feals. It is recommended that 200 ug CCE/1 be
the lr‘. ng concentrations in drinking water.

CHLORIDE, SULFATE, AND
DISSOLVED SOLIDS

The importance of chloride, sulfate, and dissclved
solids as they affect water quality hinges upon their
taste and laxative properties. There is evidence that
excessive amounts of these constituents cause con-
sumer resctions which may result in individual
treatment or rejection of the supply. Therefore,
limiting amounts for these chemical constituents
have been included in the Standards. The bases for
developing these limits are described below.
Taste

The lterature contains a number of reports on
the taste threshold of various salts. Whipple, using
a panel of 10 to 20 persons, found the range of con-
centration of various salts detected as shown in
table 1. Richter and MacLean studied the response
of a larger panel to sodium chloride in distilled
water. Table 2 summarises their results.

Lockhart, Tucker, and Merritt also studied the
taste threshold of the fons in distilled water by
studying the effect of ions in water on the flavor of
brewed coffee. Using a triangular test with panels
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of 18 or more, they found results which are sum-
marized in table 3. In the Triangular taste test,
the panel members are asked to taste three samples.
Two of the samples may contain either the salt
being tested or distilled water, while the third is dif-
ferent from the other two. The panel member is
asked to identify the odd one. Using this test pro-
cedure, the threshold concentration is arbitrarily
defined as the concentration at which the num-
ber of correct separations is 50 percent above the
chance probability of one-third correct separations,
i.e., when two-thirds of the panel make the separa-
tions correctly.

The results shown in table 1 and table 3 are in
surprisingly good agreement, considering the differ-
ence in methods used. The Richter and MacLean
study found taste thresholds considerably below
those of the other two studies. They support rea-
sonably well the recommended limits of 250 mg/1
for chloride and sulfates and 500 mg/1 for total
solids.

It should be emphasized that there may be a great
difference between & detectable concentration and
an objectionable concentration of the neutral salts.
The factor of ascclimatization is particularly im-
portant. More than 100 public supplies in the United
States provide water with more than 2,000 mg/1 of
dissolved solids. Newcomers and casual visitors
would certainly find these waters almost intolerable
and, although some of the residents use other sup-
plies for drinking, many are able to tolerate if not to
enjoy these highly mineralized waters.

Relatively little information is available on con-
sumer attitudes toward mineralised water. In this
connection, the findings of a survey made by the
California State Department of Public Health
showed that in five communities where the public
supplies were highly mineralised, about 40 percent of
the families surveyed purchased bottled water and
about 30 percent stated they were dissatisfied with
the water. These supplies had dissolved solids con-
tents in range of 500 to 1,750 mg/1. Calcium, sulfate,
and magnesium were the dominant ions present,
with sulfate concentrations in the range of 300 to 700
mg/1.

The taste threshold for magnesium is said to be
400-800mg/1.

Lazative Effects

Both sodium sulfate and magnesium sulfate are
well known laxatives. The Ilaxative dose for both
Qlauber salt (NaSO, 10H/O) and Epsom mit
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(MgS8O0,- TH,O) is about 2 grams. Two liters of water
with about 300 mg/1 of sulfate derived from Glauber
salt, or 390 mg/1 of sulfate from Epsom salt, would
provide this dose. Calcium sulfate is much less
active in this respect.

This laxative effect is commonly noied by new-
comers and casual users of waters high in sulfates.
One evidently becomes acclimated to use of these
waters in a relatively short time.

The North Dekota State Department of Health
has collected information on the laxative effects of
water as related to mineral quality. This has been
obtained by having individuals submitting water
samples for mineral analysis complete & question-
neire which asks about the taste and odor of the
water, its laxative effect (particularly on those not
sccustomed to using it), its effect on coffee, and it
effect on potatoes cooked in it.

Peterson and Moore have analyzed part of the data
collected, particularly with regard to the laxative
effect of the water.

Peterson found that, in general, the waters con-
taining more than 750 mg/1 of sulfate showed a laxa-
tive effect and those with less than 800 mg/1 gen-
erally did not. If the water was high in magnesium,
the effect was shown at lower sulfate concentra-
tions than if other cations were dominant. Moore
showed that laxative effects were experienced by the
most sensitive persons, not accustomed to the water,
when magnesium was about 200 mg/1 and by the
average person when magnesium was 500-1,000 mg/1.

Moore analysed the data as shown in table 4.
When sulfates plus magnesium exceed 1,000 mg/1 or

Table 1.—Range of conecentration of

various
water by panel of 10 to 20

dissolved solids exceed 3,000 mg/l, & majority of
those who gave a definite reply indicated s laxative
effect.

Other Effects

Highly minerslised water affects ths quality of
coffee brewed with it. Lockhart, Tucker, and Mer-
ritt found that from 400 to 500 mg/1 of chiorides or
800 mg/1 of sulfate as MgSO, affected the taste of
coffee. Gardner studied the effect of jons in water
on the brewing time of drip coffee and hence on
the quality of the product since prolonged contact
with the grounds makes the coffee bitter. Sodium
had a distinct delsterious effect.

At high enough mineral concentration, water be-
comes completely unusable for drinking. These
ooncentrations are in the range abov¢ 5,000 mg/1
and need not be considered here.

Conclusion

It is recommended that waters ocontaining more
than 250 mg/1 of chlorides or sulfates and 8500
mg/1 of dissolved solids not be used if other less
mineralized supplies are availshle. This is infiu-
enced primarily by considerations of taste. Cathar-
tic effects are commonly experienced with water
having sulfate concentrations of 600 to 1,000 mg/1,
particularly if much magnesium or sodium is present.
Although waters of such quality are not generally
desirable, it is recognised that s considerable num-
ber of supplies with dissolved solids in exoess of the
recommended limits are used without any obvious
1l effects.

salts detected by taste in drinking
persons

Coneentration detected—mg/1

Salt Median Range
BSalt Anion Salt Anion
..................... 528 2W0 350-600 187-988
.............. 800 189 200-480 181-874
................ 250 160 150-350 00-994
......................... 800 878 200-780 149-860
.................................. 1800 |-...........| '180-600
......................... 880 2387 250-560 169-378
......................... 595 870 250-000 177-686
Mg8O,. ... ... ... .- 131 419 400-600 390-479
! In tarme of mg/1 ehloride.

Source: Whipple, 0. C., The valus of pure weter. Wiley (1907).
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Table 3.—Taste threshold concentrations of panel of 53 adults for NaOl

Conoentrations mg/1
Mean Median Range
NaOl ol WaOl ol NaCl [+ ]
Differenss from dbtﬂlod
water noted._ ... 160 97 100 61 70-6800 43-364
Salt taste identified . . 870 | 530 650 | 385 | 200-3,800 120-1,318

Table &—,’;“d-u threshold concentration of salt and ions in water

! Threshold concentration—mg/1

Salt Oation Anion
WOl . el 345 135 210
D <+ SO 680 340 310
[ ) PP 347 125 223
M R 500 100 400
RalOO: . e eeeean 1,060 200 770
Sourcs: Lockhart, K. K., Tucker, C. L., and Merritt, M. C. The #ffect of water impurities on the flavor of brewed

cofies, Food Ressarch, 49, M (1968).

Table 4.—8olids and ion concentration of wells as related to pressnce or absence

of lazative eflects
Number Laxzative | Effects | Percent
Determination Range mg/1 of wells present | of yes
in range not answers !
Yeos | No | stated
Total dissolved solids_ . 0-1,000 51 .3 a7 ] 13
1,000-3,000 78 13 45 15 21
2,000-3,000 63 25 21 16 54
3,000-4,000 30 13 11 ] 54
over 4,000 88 14 4 15 78
I.gnndum plus
S 0-300 51 9 34 8 21
200-500 45 7 237 11 31
500-1,000 56 11 as 17 28
1,000-1,600 36 18 10 8 64
1,800-3,000 14 ] 4 4 (-]
2,000-8,000 31 18 38 5 81
over 3,000 14 ] 1 8 83
Sultate . ... .. ... .. 0-200 56 10 36 10 23
200-500 47 9 28 10 14
500-1,000 56 18 26 17 38
1,000-1,500 34 16 10 8 3]
1,600-%,000 16 ] 4 3 [-1:]
2,000-3,000 20 ] 8 8 k(3
over 38,000 8 3 (] 5 100

| This percentage is
for which no Mtunu were mu{.

were not regularly used as water suppiies.

oore, Edward W., Physiologicsl eflects of the consum)

Source:
the luheoummn on Water supply of the Committes on Sanitary

Counci) (1962

lon of saline drinking water, &
ngineesring and Rnvironment.

on the total of yes and no answers. It is probable that a large proportion of the welix

Nln&:\ w"ﬁ
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CHAPTER 5. WATER SUPPLY ASHORE

CHROMIUM

The limit of 0.05 mg/1 for chromium as hexavalent
chromium jon appearing in the US. Public Health
Service 1946 Drinking Water Standards was based
on the lowest amount analytically determinable at
the time it was established. At present, the level
of chromate ton that can be tolerated by man for
a lifetime without adverse effects on health is un-
known. A family of 4 individuals is known to have
drunk water for periods of 3 years at a level as
high at 1 mg. chromate/1 without known effects on
their health, as determined by a single medical ex-
amination. The family continued to drink the water
which, when sampled later, contained 25 mg/1. No
continued medical observation of these individuals
was made.

When inhaled, chromjum is a known cancerigenic
agent for man. It is not known whether cancer
will result from ingestion of chromium in any of
its valence forms. According to Fairhall, trivalent
chromium salts show none of the toxicity of the
hexavalent form, particularly the highly insoluble
salts. Trivalent chromium moreover, is belleved
not to be of concern in drinking water supplies.

Chromium is not known to be either an essential
or beneficial element in the body.

The most recent study by MacKenzie, Byerrum,
et al. was designed to determine the toxicity of
chromate jon (and chromic ion) at various levels in
the drinking water of rats. This study, like & num-
ber of previous ones, showed no evidence of toxic
response after 1 year at levels from 0.45 to 256 mg/1
by the tests employed, viz., body weight, food con-
sumption, blood changes, and mortality. However,
significant accumulation of chromium in the tissues
occurred abruptly at concentrations above 5§ mg/1.
Unfortunately, no study was made of the effect of
chromate on a cancer-susceptible strain of animal.
It would appear, however, from this and other
studies of toxicity, that a concentration of 0.06 mg/1
is sufficiently low to cause no effect on health.

The possibility of dermal effects from bathing in
water containing 0.05 mg/1 would likewise seem
remote, although chromate is a recognized and po-
tent sensitizer of the skin.

Chromium is not known to be a common or signifi-
cant element in food sources. That which may be
found in small quantities in foods is in trivalent
form, is usually adventitious, and arises chiefly frowu
cooking in stainless- 3st>¢ ware. Neither the amounts
nor the assimilabili’. «re known to be of any hy-
glenic significance.

Limits and Ranges Relative to Chromium Water Standards

Threshold range forcolor. . . ... . . .. ... ... ._...._. 1.4-11 mg/1
Threshold range for taste. ... ... __ . ___.__._ .. ... .._...... 1.4-25 mg/1
U.8. urban air concentration range (1964-08)_ ... .. ______ . ____. 0-0.99 ug/m?
Average urban air concentration (1064-86)_._ . ... ... .__ ... 0.007 u{;:'
Chromium content of cigarette tobaeco._ ... ... .. ... ... .__. 1.4 ug/cigarette
Chromium in foods cooked in stainleas-steel ware .. . _.____ __._ _ 0-0.356 mg/100 ¢
Chromate concentration toxic tofish_._____ ... . . __ ... ____ ... 5-300 m{/ 1
Chromate concentration toxic to Daphnia Magna_.__ ... _.____. 0.056 mg/
Chromate concentration range in surface water. ... . . e 0-2.8 mg/1

CALOULATED MAXIMAL DAILY INTAKE OF CHROMIUM FROM
VARIOUS SOURCES

(Approximate Values)

Food cooked in stainless-steel ware . .___
x.hr ..................................
S

COPPER

In the Public Health Service 1942 Drinking Water
Standards. the permissible concentration of copper
in drinking water was raised from 0.2 mg/1 to 3.0
mg/1.

Copper is an essential and beneficial element in
human metabolism, and it is well known that a de-
ficiency in copper results in nutritional anemia in
infants. The daily requirement for adults has been
estimated to be 2.0 mg. The children of preschool
age require about 0.1 mg daily for normal growth.

August 1968

.............. ceeee-.. 10-85 ug
ug

The average daily urinary excretion is in the order
of 1.0 mg, the remainder being eliminated in the
feces. Since the normal diet provides only a little
more than is required, an additional supplement
from water would ensure an adequate intake. The
distribution of copper in the body is fairly uniform,
except for the liver where it appears to aocumulate.

Copper imparts some taste to water but indi-
viduals vary in the acuity of their taste peroeption
and the detectable range varjes from 1-8 mg/l.
Small amounts are generally regarded as nontoxic
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but large dosss may produce emesis and pro! .ged
oral administration may result in liver damage.

Inasmuch as cepper does not constitute a baalth
harard but tmparts an undesirable taste to drinking
water, it is reasonable to establish the conoentra-
tion of 1.0 mg/1 as the recoamended Nmit.

CYANIDE

The UBS. Public Health Service Drinking Water
Standards for 1948 contain no limit for cyanide.
Since 1948, standards have been developed for oya-
nide by other agencies as shown in the following
tabulation.

Stondard set by ﬂz‘uh.:,’-
International 4 ohn;lu& for Drinking Water, Geneva (1058)_______________ 38}
USSR Standard (195’1')'.'_’_'_'.:'_231ZZZZ:ZZZZZZZZIZ'.IZZ:'.ZI:IZZZZZZZZZZZZIZ 0.9
Ohio Water Pollution Control Board (1869).___ .. .. ___.__________..__.__. 0.15
Adv. Bd. Lake Erie-Ontario Sect. 1.J. 0 (1958) ............................ 0.1
W.¥Y. Water Pollution Control Bd. (1088)_____ . .. . _______ ... .. _._____. 0.1
Pacifie B.W. River Basin (1088) ... _____ .. 0.08

The ayanide standards appear {0 be based on the
toxicity for fish and nc. for man, as is shown by a
comperison that follows of the safe, toxic, and
lethal doses for fish and for man. Cyanide in rea-

sonable doses (10 mg or less) is readily converted
to thiocyanate in the body. Usually lethal toxic
effects occur only when the detoxifying mechanism
is overwhelmed.

Oral toxicity of cyanide for man

Response

Tozxioity of cyanide for fish
Cyanide in mg/1 Time of exposure Fish species Response

008 __ .. .. __. 120 hours__.______. Trout..__..._._._._..| Death.

0108 . __...__. 1-3days.______._._| __._ do ............... Do.

0o.186.____________. 170 minutes_______| ... do...__.._____.__. Overturned.

(035 & . SO R lluogﬂb. Sunfish____| Toxio limit.

1.0 .. _____........| 30 minutes_______. Trout..............__| Death.

100_. . ________. 90 minutes________. Oarp ... ... .. Do.

008 ________ ... 7 days_. ... Trout..._._..._._..._| Burvival

o4 ... G hours_._.___.__. Bluegills ... . .. Do.

06 . .............|9hours.__..____ Bullheads____.____._._ Do.
Because proper treatment will reduce cyanide FLUORIDE

levels to 0.01 mg/1 or less, it is recommended that
concentrations In water be kept below 0.01 mg
CN/1.

For the protection of the health ~f human popula-
tions, concentrations above 0.2 1~; CN/1 constitute
grc.ads for rejection of the supply. This lmit
should provide a factor of safety of approximately
100 and is set at this level because of the rapidly
fatal effect of cyanide. Proper chlorination under
neutral or alkaline conditions will reduce cyanide to
s level below the recommended limit. The acute
oral toxicity of cyanogen chloride, the chlorination
product of hydrogen cyanide, is approximately one-
twentieth that of hydrogen cyanide.

FMuoride in drinking water will prevent dental
caries. When the concentration is optimum, no {ll
effects will result and caries rates will be 60-85
percent below the rates in communities using water
sup-plies with little or no fluoride.

Excessive fluoride in drinking water supplies pro-
duces objectionable dental fluorosis which increases
with increasing fluoride concentration above the
recommended upper control limits' In the United
States, this i the cnly harmful effect observed to
result from fluoride found in drinking water. Other
expected effects from excessively high intake levels

' Soe Table I, following Article 3-32(5) (D)3 of Chapter S.

Augunt 1963




s —————

CHAPTER §. WATER SUPPLY ASHORE

are: (a) bone changes when water oontaining 8-20
mg fuoride per lter (8-20 ppm) is consumed over
s long period of time; (b) crippling fluorosis when
30 or more mg of fiuoride from all sources is oon-
sumed per day for 20 or mose years: (¢) death
when 2,280-4.500 mg of fiuoride (3,000-10,000 mg
sodfum fluoride) is consumned in a single dose.
The optimum fluoride level for a given community
depends on climatic conditions because the amount
of water (and consequently the amount of fisoride)
ingested by children is primarily influenced by alr
temperature. Many communities with water sup-
plies containing less flucride than the concentration
shown as the lower limit for the appropriste air
temperature range ' have provided fluoride supple-
mentation. Other communities with exocessively
high natural fiuoride levels have effectively reduced
fluorcsis by partial defluoridation and by change to
a water source with more acceptable fluoride con-
centration.
IRON

Both iron and manganese are highly cbjectionable
oonstituents in water supplies for either domestic or
industrial use. The domestic consumer complains
of the brownish color which {ron imparts to laun-
dered goods. Iron appreciably affects the taste of
beverages.

‘The taste which iron imparts to water may be de-
scribed as bitter and astringent. Individuals vary
in their acuity of taste perception, and it is difficult
to establish a level which would not be detectable
for the majority of the population. A study by the
Public Health SBervice indicates that the taste of
iron may be readily detected at 1.8 mg/! in spring
water and at 3.4 mg/1 in distilled water.

The daily nutritional requirement is 1 to 2 mg
but intake of larger gquartities is required as a result
of poor absorption. Diets contain 7 to 35 mg per
day and average 16. The amount of iron permitted
in water by quality control to prevent objectionable
taste or laundry staining (as much as 0.3 mg/1)
constitutes only a small fraction of the amount nor-
mally consumed and is not likely to have any toxi-
cologic significance.

Whereas the US. Public Health BService 1046
Drinking Water Standards set a limit of 0.3 mg/1
for iron and meanganese combined, it {s recom-
mended that a limit be established for each and that
the concentration of iron be limited to 0.3 mg/1.

LEAD

Lead taken into the body can be seriously mnjuri-
ous to health, even lethal, if taken {n by either brief
or prolonged exposure. Prolonged exposure to
relatively smal]l quantities may result in serious
iliness or death. Lead taken into the body in quan-
tities in excess of certain relatively low “normal”

1 8ee Table 1, following Article 3-33(8) (D)3 of Chapter 8.
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posure have been excessive and produce polsoning,
or may be tolerated without effect throughout s
lifetime.

The daily intake of lead that may be tolerated
without effect throughout eacin decade of life is
not precisely known, but a value may be determined
from the following information.

1. The amount of lead ingested in food and bever-
age by adults in good health in various parts of the
United States has been shown by Kehoe and asso-
ciates to vary from less than 0.1 mg to more than
2.0 mg/day with a mean value of about 0.32 mg/day.
At these levels, excretion keeps pace with intake,
and if any accumulation of lead occurs it is inter-
mittent and of no hygienic significance.

3. When, under experimental condition, the daily
intake of lead from all souroes amounted to 0.5-0.6
mg over a long period of time (1 year or more),
s small amount is retained in normal healthy aduilts
but produced no detectable deviation from normal
health. Indirect evidence from industrial workers
exposed to known amounts of lesd for long periods
was consistent with these findings.

3. Appreciable increases in the daily intake of
lead above 0.6 mg daily result in body sccumulation
at rates that increase as the daily dose incresses.
Extrapolations from data from balance experiments
over & 5-year period indicate, but do not prove, that
an intake appreciably in excess of 0.6 mg/day will
result in the accumulation of a dangerous quantity
of lead in the body during a lifetime.

4. The intake of lead from food souroces is prodb-
ably approaching an irreducible minimum; on the
other hand, the number of sources and the extent
of lead exposure are increasing. The atmosphere
is one of these. Over the past decade, the amount
of atmospheric lead in many cities has increased
more than tenfold, from a few tens of micrograms
(ug) per cubic meter (m’) of air to more than 15
ug/m® in some cities on repeated oocasions. The
national average for urban atmosphere is presently
1.4 ug/m’. Wide variations in theee values exist
throughout the nation because the sources are
largely unregulated and are increasing at differen
rates in different areas from vehicular trafie.
the average daily intake of air of an adult is
cubic meters, then thz daily addition to the

t 333
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burden of lead from the atmospbere ocould be of
e erder of several micrograms 1o a fow tens of

feods under regulation maks up & relatively small
portion of the aversge normal diet. Consequently,
only partial control is exercised over the lead intake
from food sources. The foods that contribute the
grester portion of the diet contain concentrations of
isad which are considered to be normal (that is,
natural or incidental) but in any case unavoidable
ppm, and usually well under 0.1 ppm).
The total intake of lead from these foods is gov-
eaned by the quantity and quality of the food in-
gested, and by contamination with lead in the han-
dling and preparation of the food.
The lead concentration in surface and in ground

tent of water in urban supplies to be from one-half

to one-fifth this velue, provided the water is not
stored in tanks painted with oil-base lead paint
(Type I) or provided that the piping and fixtures are
not of lead or lead alloys. However, a principal
source of lead in municipal drinking waters is lead
pipe and goosenecks in house services and plumbing
systems. The practice of using lead pipe is still
permitted by many plumbing codes. Normal adults
in the temperate sone drink quantities of water,
ranging from less than 1 to more than 8 liters/day,
the average being taken as 2 liters. This is in addi-
tion to the water used in cooking and in other bev-
erages. Thus, water can contribute a substantial
proportion of the total daily intake of lead, depend-
ing upon the concentration of lead therein, the
en tal temperature, and physical exertion.

uch as three of the four sources of lead
intake in the human body—ingested foodstuffs, in-
haled atmosphere, and tobacco smoke—are for the
most part unregulated in their lead content, and be-
cause the total dsily intake of lead which results in
progressive retention of lead in the human body
appears to be less than twice the average normal
intake of lead In adults in the United States, con-
centrations of lead in drinking water greater than
0.05 mg/1 constitute grounds for rejection of the
supply.

In consonance with this limit is the reported ind-
ing that bacterial decomposition of organic matter
is inhibited by lead concentrations at or above 0.1
mg/1l. Lead in soft water is highly toxic to certain
fish; 0.1 mg/1 is toxic to small sticklebacks, larger
fish are somewhat less susceptible to lead. Calclum
ion at a concentration of 50 mg/1 removes the toxic
effect of 1 mg/1 lead for fish.

Limits and Ranges of Lead Affecting Health

rhyiimmy safe in water:

® . eeeecee-e--.. 0.08 mg/1
.. -4 mg/1

cei-v-- 34 mg/1 for 3 months.
_.. 8-10 mg/1, several

lhortpoﬂotn fo; weeks
range in water:
Borderline ______. ..
Toxde .. __ ... .._...
Lethal

weoeks.
eeeeiemcecee-se----.. Unknown, but probably more than 15 mg/1, several

MANGANESE

There are two resgons for limiting the concentra-
tion of manganese in drinking water: (a) to pre-
vent esthetic and economic damage, and (b) to avoid
any possible physiologic effects from excessive
intake.

It has been reported that minute amounts of
manganese cause difficulty in water quality control.
The domestic consumer finds that it produces a
brownish color in laundered goods and impairs the
taste of beverages including coffee and tea.

From the health standpoint, there are no data
to indicate at what level manganese would be harm-

546

ful when ingested. The principal toxic effects
which have been reported are the results of in-
halation of manganese dust or fumes. It has been
estimated that the daily intake of manganese from
s normal diet is about 10 mg. In animals, at least,
it has been shown to be an essential nutrient, sinoce
diets deficient in manganese interfere with growth,
blood, and bone formation and reproduction. He-
patic cirrhosis has been produced in rats when
treated orally with very large doses. As far as is
known, the neurclogic effects of manganese have
not been reported from oral ingestion in man or
animal.
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CHAPTER §. WATER SUPFLY ABHORE

Serfous and occasionally fatal polsoninga in {n-
fants have occurred following ingestion of well
waters shown to contain nitrate (NO,). This has
occurred with sufficient trequency and widespread

of nitrate in drinking water,

From 1847 to 1950, 139 cases of methemoglobin-
emis, including 14 deaths due to nitrate in farm
well-water supplies, have been reported in Min-
nesota slone. Wastes from chemical fertiliser
plants and field fertilisation may be sources of pol-
lution. The causative factor producing serious
blood changes in infants was first reported In 1045
in polluted water containing 140 mg/1 nitrate nitro-
gen (NO~N) and 0.4mg/1 nitrite (NO,) lon in one
case; in the second case, 90 mg/1 nitrate nitrogen
and 1.3 mg/1 nitrite lon.  Since this report, many
instances of similar occurrences have been recorded
not only in this country but in Canada, Great Brit-

The International Drinking Water Standards of
1988 took cognisance of the problem in noting that
ingestion of water containing nitrates in excess of
850 mg/1 (as nitrate) may give rise to infantile
methemoglobinemia but have included no mit. A
Umit of 20 mg/1 nitrate nitrogen has been suggested
in England. Elsewhere nitrate nitrogen concentra-
tions In excess of 10-20 mg/1 are considered capable
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of producing cyancsis in infants. Various South
American couniries have recommended maximump
permissible levels of from 0.5-328 mg/1 nitrele

(NOW (0.1-§1 mg/1 nitrate nitrogeny).

Cases of infantile nitrete polsoning bhave been
reported to arise from concentrations ranging from
15-250 or more mg/1 nitrate nitrgen (usually with
traces of nitrite jon) in instances in which the
water was analysed up to 1953, according to Camp-
bell. Campbell himaself reported a case from ingest-
ing water with 26.2 mg/1 as nitrate nitrogen (116
mg/1 nitrate fon) . .

According to methods of analysis commonly em-
ployed for nitrate in water, the presence of appreci-
shle amounts of chloride would result in an erron-
eously Jow wvalue for nitrate, and the pregence of
oconsiderable amounts of organic matter would give
an erroneously high value for nitrate. Insufficient
sttention hag been given this important factor in
evaluating permissible safe levels of nitrats In
water.

Nitrate poisoning appears to be confined to in-
fants during their first few months of life; adulis
drinking the same water are not affected but hreast-
fed infants of mothers drinking such water may be
poisoned. Cows drinking water conigining nitrate
may produce milk sufficiently high in nitrate to
result in infant poisoning. Both man and animals
can be poisoned by nitrate if the concentration is
sufficiently great.

Among the more acceptable hypotheses for the
specificity of nitrate poisoning of infants is the
following: the gastric, free acidity of infants is Jow
(a pH of 4 or greater), permitting the growth of
nitrate-reducing fliora in a portion of the gastro-
intestinal tract from which nitrite absorption can
occur. It is also stated that foetal hemoglobin
forms methemoglobin more readily than the adult
form.

According to a recent study from Qermany, the
primary causes of toxicity are an elevated nitrate
concentration and the presence of an unphysiclogic
amount of nitrite-forming bacteria, especially in
the upper portion of the digestive tract. Members
of the coliform group and the genus Clostridium
are capable of reducing nitrate to nitrite. In In-
fants whose diet i3 mainly carbohydrate, it is be-
lieved that the coliform organisms are the group
responaible; organisms capable of reducing nitrite
to nitrogen are not normally present in the infant.
Careful measurement of s number of other con-
stituents in 23 offending well waters, nitrite, am-
monis, chioride, and organic substances, failed to
reveal s casual relation of these substances to the
injury.

There are no reports of methemoglobinemia in
infants fed water from public water supplies in the
United States, although levels of nitrate in some
may be routinely in excess of 48 mg/1. This may
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frdicate that well water for analyais has often been
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between sodium nitrite, 89, and hemoglobin, 64,000,
amall increments of nitrite produce large quantities
of methemoglobin (1g nitrite converts 460-1850g
hemoglobin). The margin of safety is still further
narrowed in infants whose blood volume is small,
their total blood hemoglobin is decreasing after
bdirth (from 17-20g to 105-12g:. and their foetal
hemoglobin is more readily converted to methemo-
globin.

An instance of nitrite poisoning of children has
been reported. The children ate frankfurters and
bologna containing nitrite considerably in excess of
the 200 ppm permitted.

Evidence in suport of the recommended limit for
nitrite is given in detail by Walton in a survey of the
reported cases of nitrate polsoning of infants in this
oountry to 1951. The survey shows that no cases of
poisoning were reported when the water contained
less than 10 mg/1 nitrate nitrogen. Walton notes,
however, that in many instances the samples for
analysis were not cbtained until several months after
the occurrence of the poisoning.

In light of the above information and because of
the uncertainty introduced by tardy analyses, the
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frequent lack of attention t0 possible interfering
factors in the analysis, the health of the infant, and
the unsertain influence of associated bacterisl pol-
lution, 10 mg nitrate nitrogen (or 45 mg nitrate)
per liter of water is a limit which should not be
exceeded. -

At present there ia no methed of economically re-
moving excessive amounts of nitrate froma water.
It is important, therefore, for health authorities in
areas in which nitrate content of water is known to
be In excess of the recommended limit to warn the
population of the potential dangers of using the
water for infant feeding and to inform them of al-
ternative sources of water that may be used with
safety.

Limits and Ranges Related to Nitrate Water

Average concentration adult human blood: 10 ug
nitrate/100 ml (0.1 ppm).

Average dally urimary nitrate excretion: 500 mg
(mainly from vegetables).

Strained baby foods: 0 (squash, tomatoes)—3833
pm nitrate (spinach).

Green vegetables: 50 ppm nitrate (asparagus, dry
weight), 3,600 ppm nitrate (spinach, dry weight).

Limit of nitrite (or nitrate) permitted in meat
(or fish) products by Federal regulation: 200 ppm.

PHENOLS

The term “phenols” is understood to ineclude
cresols and xylenols. Both the International Drink-
ing Water Standards and those of the U.8. Public
Health Service of 1948 recommended a limit of 1
ug/1 of phenol in water. This limit is set because
of the undesirable taste often resulting from chlo-
rination of waters containing extremely low concen-
trations of phenol. Phenol concentrations of &
mg/1 or more are injurious to fish, whereas 1 mg/1
or less will not seriously affect most fish. Concen-
trations from 15-1,000 mg/1 in the drinking water
were reported without observable effect on rats for
extended periods; 5,000 mg/1 appeared likewise to
exert no effect on digestion, absorption, or metabo-
lism, but 7,000 mg/1 arrested growth and resulted
in many stillbirths. Thus, concentrations injurious
to health are far removed from those which impart
unpleasant taste or affect fish. Phenol is largely
detoxified in the mammalian body by conjugation
to far less toxic substances.

Although additional information has been devel-
oped since the 1946 Standard was set, its nature
indicates no need of a change in the former limit
for phenols 0.001 mg/1 (1 ug/1).

The presence of selenium in water has heretofore
been a matter of regional importance. The fact
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CHAPTER 5. WATER SUPPFLY ASHORSE

that it is now recognised as being toxic to both man
and animals makes it essential that limits be set
for all water intended for human consumption.

Selenium is known to produce “alkall disease” in
cattle, and its effects, like thase of arsenic, may be
permanent. Recent reports indicate also that
selenium may incresse the incidence of dental caries
in man. Of greater importance in limiting the
concentration of selenium is its potential carcino-
genicity. Rats fed a diet containing varying con-
centrations of selentum (3 to 40 mg/1) showed toxic
effects at all levels, the outstanding pathologic

Jesion being hepatic cell tumors.
From very limited information concentrations of
selenfum in water considered safe for man have

been found toxic for fish.

In view of the potential seriousness of above re-
ported effects, it is recommendec that the limits
for selenium be lowered from its present value of
0.05 mg/1 to 0.01 mg/1 and concentrations in excess
of this lower value be used as grounds for rejection

of the supply.
SILVER

The need to set & water standard for silver (Ag)
arises from its intentionsl addition to waters for
disinfection. The chief effect of silver in the body
is cosmetic, which consists of a permanent blue-grey
discoloration of the skin, eyes, and mucous mem-
branes which is as unsightly and disturbing to the
observer as to the victim. The amount of colloidal
silver required to produce this condition (argyria,
argyrosis), and which would serve as a basis of de-
termining the water standard, is not known, but
the amount of silver from injected Ag-arsphena-
mine, which produces argyria is precisely known.
This value is any amount greater than 1 gram of
silver, 8¢ Ag-arsphenamine in an adult.

From a review of more than 200 cases of argyris,
the following additional facts were derived. Moat
common salts of silver produce argyria when taken
by mouth or by injection. There is a long-delayed
appearance of discoloration. No case has been un-
ocovered that has resulted from an idicsyncrasy to
silver. There was, however. considerable variability
in predisposition to argyria: the cause of this is un-
known but individuals concurrently receiving bis-
muth medication developed argyria more readily.
Although there is no evidence that gradusl deposi-
tion of silver in the body produces any significant
alteration in physiologic function, authorities are
of the opinion that occasional mild systemic effects
from silvér may have been overshadowed by the
striking external changes. In this connection, there
is a report of implanted silver amalgams resulting
in localised argyria restricted to the elastic fibers
and ecapillaries. The histopathologic reaction re-
sembled s blue nevus simulating a neoplasm with
filamentous structures and globular masses. Silver
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affinity for elastic fibers had been noted a half-cen~
tury earlier.

A study of the metabolism of silver fross intre-
gastric intake in the rat using radio-silver in carrier-
free tracer amounts showed abeorpticn te be less
than 0.1-0.3 perosnt of the siiver administered; bast
this evidence is inconclusive becauss of the rapid
elimination of silver when given in ocarrier-free
amounts. Further study indicated, however, that
silver is primarily excreted hy the liver. This would
be particularly true if the silver is in colloidal form.
Silver in the body is transportad chisfly by the blood
stream in which the plasms proteins and the red
cells carry practically all of it in extremely labile
combinations. The half-time of small amounts of
silver in the blood stream of the rat was about 1

occurs in the urine.

A study of the toxicologic effects of silver added to
drinking water of rats at concentrations up to 1,000
ug/l (nature of the silver salt unstated) showed
pathologic changes in kidneys, liver. and spleen at
400, 700, and 1,000 ug/1.

A study of the resportion of silver through human
skin using radio-silver Ag™ has shown none passing
the dermal barrier from either solution (2 perocent
AgNO,) or ointment, within limits of experimental
error (+2 percent). This would indicate no signifi-
cant addition of silver to the body from bathing
waters treated with silver.

Great uncertainty, however, currently surrounds
any evaluation of the amount of silver introduced
into the body when silver-treated water is used for
culinary purposes. It is reasonable to assume that
vegetables belonging to the family Brassicacese,
such as cabbege, turnip, caulifiower, and onion,
would combine with residual silver in the ocooking
water. The silver content of several liters of water
could thus be ingested.

Despite these uncertainties and the present lack
of appropriate drinking water studies, it is possible
to derive a tentative drinking water standard for
silver by using silver deposited in excess of lg In
the integument of the body as an end point that
must not be exceeded. Assuming that all silver
ingested is deposited in the integument, it is readily
calculated that 10 ug/l oould be ingested for a
lifetime before lg silver it attained from 2 liters
water intake per day; 80 ug/1 silver could de in-
gosted approximately 27 years without exoeeding
silver daposition of lg.

Because of the evidenoe that silver, onoe absorbed,
is held indefinitely in tissubs, partioularly the skin,
without evident loes through usual channels of
elimination or reduction by transmigration to other
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waters have been established a3 follows: (a)
USPHS Drinking Water Standards (1948), 15 mg/1;
(b) Ohio and North Dakota, 1 mg/1; (¢) Interna-
tionsl Drinking Waier Standards (1988), permis-
sibie—3 mg/1 and excessive—15 mg/1; (d) various
South American Countries, 8 to 15 mg/1.

Zinc is an essential and beneficial element in hu-
man metabolismn. The daily requirement for pre-
sehool-age children is 0.3 mg Zn/kg. Total sinc in
the adult averages 3g. Zinc content of human tis-
sugs ranges from 10-200 ppm wet weight, the retins
of the eye and the prostate containing the largest
econcentrations (500-1.000 ppm). Three percent of
all blood sine is In the white blood cells. The daily
adult human intake averages 10-15 mg. excretion
of sinc averages about 10 mg daily tn the feces and
0.4 mg in the urine. Zinc deilciency in animals
leads to growth retardation that is overcome by
sdequate dietary xinc. The activity of several body
ensymes is dependent on sine.

A group of individuals stationed at a depot used
s drinking water supply containing zinc at 23.8 to
40.8 mg/1 and experienced no known harmful ef-
fects. Communities have used waters containing
from 11-27 mg/1 without harmful effects. Another
report stated spring water containing 50 mg/1 was
used for a protracted period without noticeable
harm. On the other hand, another supply contain-
ing approximately 30 mg/1 was claimed to cause
nauses and fainting.

Zinc salts act as gastrointestinal irritants. Al-
though the illness is acute, it is transitory. The
emetic concentration range in water is 675-32,280
mg/1. In tests performed by a taste panel, § per-
cent of the observers were able to distinguish be-
tween water containing 4 mg/1 (when present as
sinc sulfate) and water containing no zinc salts.
Soluble zinc salts at 30 mg/1 impart milky appear-
ance to water, and st 40 mg/1, a metallic taste.

Inssmuch as zinc in water does not cause serious
effects on health but produces undesirable esthetic
effects, it is recommended that concentrations of
zino be kept below 5 mg/1.

Cadmium and lead are common contaminants of
zinc used in galvanizing. Assuming that sinc is dis-
solved from galvanised water pipe no less than
cadmium, dissolution of sinc to produce 5 mg/1
would be accompanied by something less than the
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allowable 0.0 mg eadmium per liter when eadmium
contamination of the xinc is as high as 0.03 per-
cent. Likewise, lead oconcentrations would lMkely
be increased by something less than the allowable
008 mg/1 when lead contamination of the sinc is
as high as 0.6 peroent.

Limits and Ranges Relative to Einc Water
Standards

Food—Milk, ¢ mg/1

Egg (hen)—1mg

Cd content of galvanised pipe: 0.014-0.04 percent.
Average 0.03 percent.

Pb content of galvanized pipe: 0.24-0.6 percent.
Average 0.45 percent.

Urbar air concentration: Average 2 ug/m".

Concentrations toxic to fish: 0.3-4 mg/1, depend-
ing on degree of water hardness.

Drinking water containing 50 mg/1 (as sulfate)
was not harmtul to rats which used it for 8 weeks.

E—RADIOACTIVITY

The effects of radiation on human beings are
viewed as harmful and any unnecessary exposure to
radistion should be avoided. In this discussion we
are concerned with radiation from radioactive mate-
rials in the environment, particularly in water, food,
and air.

The development of the nuclear industry has been
attended by & amall, unavoidable incresse of radio-
activity in the environment. Nuclear weapons test-
ing causes an increase of radioactivity from fallout.
Exposure of human beings to environmental sources
of radiation should be minimized insofar as is tech-
nically and economically feasible.

‘The Federal Radiation Council has provided guid-
ance for Federal agencies conducting activities de-
signed to limit exposure of individuals of population
groups to radiation from radioactive materials de-
posited in the body as a result of their oocurrence in
the environment.

The following recommendation of the Federal
Radiation Council is considered especially pertinent
in applying these Standards:

“There can be no single permissible or acoept-
able Jevel of exposure without regard to the reason
for permitting the exposure. It should be general
practice to reduce exposure to radiation, and posi-
tive effort should be carried out to fulfill the sense
of these recommendations. It is basic that exposure
to radiation should result from a real determination
of its necessity.”

The Federal Radiation Council criteria have been
observed in establishing the limits for radioactivity
in the Drinking Water Standards. It should be
noted that these Federal Radiation Council guides
apply o normal peacetime operations.
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The Federal Radiation Council guides are predi-
cated upon three ranges of daily intake of radio-
activity. For each range, a measure of control ac-

tion was defined, which represented a graded soslo
of mlmeeduru These are shown by the

-

Table L—Graded seales of astion

Graded soals of setion

tive trol.
Svaluation and applieation of additional control
INeAsUTIes &8 NOCYSATY.

The Federal Radiation Council further defined the
action to be taken by stating that: “Routine control
of useful applications of radiation and atomic energy
should be such that expecied average exposures of
suitable samples of an exposed population group
will not exceed the upper value of Range IL”
Furthermore, they recommended, with respect to
Range III, that “Control actions would be designed

to reduce the levels to Range IT or lower and to pro-
vide stability at lower levels.”

The radionuclide intake ranges recommended are
the sum of radioactivity from air, food, and water.
Daily intakes were prescribed with the provision
that dose rates be averaged over a period of one
year. The range for specific radionuclides recom-
mended by the Pederal Radistion Councll are shown
in the following table:

Table II.—Ranges ot transient rates of intake (mhromlcmﬂu per day) for use
in graded scale of actions summarised in tab.

Range I Range IT Range III
-3 20 20-900
0-10 10-100 100-1,000
0-20 20-200 200--9,000
0-300 200-2,000 | 2,000-20,000

nmmmumm,mum ie would incinde only small children. r«m mnrommm
samp! only lu. yrold

'would ot be excosded by rates

The Advisory Committee, in considering limits
which should be establizshed for drinking water, rec-
ommended limits for only two of the above nuclides,
Radium-228 (3 suc per liter) and Stronttum-90
(10 xpC per liter). Iodine-131 is not found In sig-
nificant quantities in public water supplies fre-
quently enough to call for routine monitoring and
Strontium-89 levels are not likely to be significant
unless Strontium-90 levels also are high.

In the case of Radium-226, above-average levels
of intake generally occur only in unusual situations
where the drinking water contains naturally oc-
curring Radium-226 in greater than average
amounts, as in the case of certain ground waters,
or from the pollution of the supply by industrial
discharges of waste containing radium. With this
in mind, a limit of 3 «pc/liter has been set for
Radium-226 in drinking water. if one assumes a
daily {ntake of such drinking water of about 2 liters
per day, this would result in s daily intake from
water of 6§ spc which falls in the lower portion of
Range II in the above table. If thers is evidence
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of intake higher Dy s factor of 10 than

that Radium-226 from sources other than water
is greater than usual, levels may have {0 be reduced
below the above limit using the guides established
by the Federal Radiation Council.

The principal source of Strontium-90 in the
environment to date has been due to fallout from
weapon tests, and human intake of Strontium-980
to date has been primarily from food. In recogni-
tion of this fact, the limit for Strontium-90 in
water has been set at 10 uuc/liter, a limit substan-
tially higher than the highest level found in publie
water supplies to date.

The Standards recognized the need to provide
guidance for those aituations where the limits are
exceeded. In these instances, the Standards pro-
vide fo: the continued acceptance of the water sup-
ply if radioactivity from all other sources in addi-
tion to that from the water does not exceed intake
levels recommended by the Federal Radiation Coun-
cil for control action (the upper lmit of Range
II). It is essential in such instances for the cer-
tifying authority to determine with reasonable
oconfidence that this latter condition is met.
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propriate for exposure of the general population, be

used. When mixtures of radionuclides are present
ths permissible concentration of any single nuclide
must be reduced by an amount determined through
applicable calculations in these reporta.

In these Standards an upper Umit of 1,000 ¢ per
liter of gross beta activity (in the absence ' of alpha
emitters and Strontium-90) has been set. If this
limit is exceeded the specific radionuclides present
must be identified by complete analysis in order to
establish the fact that the concentrations of nuclides
will not produce exposures above the recommended
Hmite established in the Radiation Protection
Guides.

1*Absence” is intended to mean a negligibly small fraction
of the Mmits established for these nuclides and the limit
for unidentified alphs emitters is taken as the listed lmit
for Radium 226.
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