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APPENDIX
BACKGROUND USED IN DEVELOPING THE

PROPGSED INTERIM PRIMARY DRINKING WATKR REGULATIONS

The Proposed Interim Primary Driking Water Regulations have been
predicated on the best and latest information avalable at the time of
therr promulpation. The concepts and rationale meluded in this
Appendix were used in arriving at specific linnts and should enable
those whuse responsibilily it 1s to interpret, apply, or enforce the
Regulations to do so with understanding, judgment, and discietion.

A. SOURCE AND FACILITIES

B. MICROBIOLOGICAL QUALITY

C. CHEMICAL QUALITY

A - SOURCE AND FACILITIES
Mounting pollution problems indicite the need fur mcereased
attention to the quality of svurce wiaters. Abatement and control of
pollution of sources will significantly a:d m producing drinking
water that will be 1n full comphiance with the provisions of these
Stundards and will be esthetically acceptable to the consumer, but
they will never chimmate the need wor well designed water treat-

ment facilities operated by competent personnel.



Production vl witer that pouses no threat to the consumer's health
depends on continuous protection.  Because of human frealties asso-
ciated .Y protection, priwrty should be given to selection of the
purest source.  Pulluted svurces should not be used unless other
sourcces are cconomically unavailable, and then only when personnet,
cqupment, and operatung procedures can be depended on to purify and
otherwise continvously protect the drinkang water supply.

Although ground waters obtuained from aquifers beneath impervious
strata, and not connected with fragmented or cavernous rocg, have
been counsidered sutficiently protected {rom bucterial contamination to
preclude need for disinfection, this s {requently not true as ground
waters are becoming polluted with mcreasing {requency, and the
resutting hazards require special surveillance., An illustration of
such pollution 1s the presence of pollutants originating either from
sewage or mdustrial effluents.

Surface waters are subjected to mcreasmy pollution and should
never be uscd without being effectively disinfected. Becausce of the
mcreasmyg hazards of pollutivon, the use of surface watrers without
coagulation and {iltration must be accompianied by adequate past
records and intensive survetllance of the guality of the raw water
and the disinfected supply v order to assurce constant protection.

This surveirllance should include a samitary survey of the source

and water handligg, as well as bological examunation of the supply.



The degree of treatment should be determined by the health
hazards mvolved and the quality of the raw water. When in use,
the source should be under continuous survelllance to assure
adequacy of treatment in meeting the hazards of changing nollution
cond:tions. Cuntinuous, cffective disinfection shall be considered
the minimum treatment for any water supply except for ground
waters in which total coliforms can be shown to be continually
absent from the raw water. During times of unavoidable and ex-
cessive pollution of @ source already in use, it may become
necessary to provide extraordinary treatment (e.g., exceptionaily
strong disinfection, improved coagulation, and/or special opera-
tion). 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.

The adequacy of protection by treatment should be judged, n
part, on a record of the quality of witer produced by the treatment
plant and the reluation of this quahity to the requirements of these
Revulations.  Evaluation of adequicy of protection by treatment
should also mclude frequent inspection of treatment wourks and their
operation. Conscientious operation by well-tramed, skillful, and
competent operators is an csscplml part of protection by treatinent.
Operator competency 1s cncouraged by a formal program leading

to operator certification or licensirg.

1 Sce reference to relationship of chlorine residual and contac!
time required to kill viruses i section on AMicrobiological Quality.
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Delivery of a safe water supply depends on adequate protection
by matural means or by trcatment, and protection of the water n
the diatribution system. Minimum protection should include pro-
grams that result in the provision of sufficient and siafe materials
and cquipment to treat and distribute the water: dasinfection of wilter
mams, storage facilities, and other equipment after each wstalla-
tion, reparr, or other modification that may hiave subjected them to
possible contiumination: prexvention of health hazards, such as cross-
connections or loss of pressure because of overdeaft 1 excess of

the system's capacity: and routine analysis of water saimples and

frequent survey of the witter system to evaluate the adequacy of
protection. ‘T'ne fact that the mimmmum number of samples are taken
and analyvzed and found to comply with specilic quality requirements
of these Stndards, is not sufficient evidence that protection has been
adequate. The protection proccdures and physical tacihities must

be reviewed along with the results of witer quality analyses to
cevaluate the adequacy of the supply's protectios. 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
waler supply. Even though water quahity wnulyses have indicated
that the quality requirements have been met, the deficiencies must

be corrected before the supply can be considered siafe.



B - MICROBIOLOGICAL QUALITY

Coliform Group

Coliform bacteria traditionally have been the baceteriologieal
toul used to measure the occurrence and intensity of fecal eontam-
mation m stream=-pollution mvestigations for nearly 70 years.
During this time, a mass of data has accumulated to permit a full
eviluation of the sensiivaty and specificity of this bacterial pollution
mdicator,

As defined in St:md:lLd Methods for the Examination (_)f water

and Wastewater (1). "the coliform group mcludes all of the aerobic

and facultatne anacrobice, Gram-negative, non-spore-forming rod-
bh:l])'(‘(l bacteria which ferment lactose with gas formation within

48 hours at 35° C."' I'rom th.s defunuon, 1t becomes immediately
apparent that this bacterial grouping s somewhat artficial in that
1t embodies a heterogencous collection of bacterial species having,
only a few broad chinacteristics i common.  Yet, for practical
applications to stream pollution studies, thas grouping of selected
bacteruil species, which we shall term the "total cohiform group, "
has proved to be a workable arrangement.,

The total coliform group merits consideration as an indicator
of pollution becuause these bacteria are always present in the normal
intestinal tract of humins and other warm-blooded ammmals and are
clirnnated n large numbers in fecal wastes. Thus, the absence of

total colitorm bacteria 1s evadence of a bacteriologieally siafe water.
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Some strams included in the total coliform groeup have a wide
distrisution m the environment but are not conunon m fecal material.

Enterobacter nerogenes and Enterobacter cloacae are frequently found

on virious types of vegetation (2-5) and 1n materials used in joints
and valves (6-7).

The imntermediate-acrogenes-cloacae (1.A.C) subgroups may be
found in fecal discharges, but usually in smaller numbers than

Escherichia coli that is characteristically the predonminant cohform

in warm-blooded anmimal intestines (8-10). Enterobacter acropenes

and intermediate types of ol ganisms are commonly present in soil
(11-14) and 1in waters polluted some time in the past. Arother
subpgroup compriscs plant pathogens (15) and other orpgamsms of
mdcefinite taxonon.y whose sanitary significance is uncertain, All
of these coliform suburoups mayv be found 1n sewage and m the
pulluted water environment,

Survinval Times

Orpanisms of the: 1.A.C. group tend to survive longer in water
than do fecal cobform organisms (16-18), The 1.A.C. group also
tends to be somewhat more resistant to chlormation then E. coli or
the commonly occurring bacterial intestinal pathogens (19-22).
Because of these anc other reasons, the relative survival times of {he
coliform subproups may be uselul 1n distinguishing between recent and
less recent pollation.  In witters recently contaminited with sewage,
it is expected that fecal cohiform organisms will be presceat in -

numbers greater than those of the 1I.A.C. subproup; but i waters that

G .



Lhave been contamnited tor o considerable length of time or have
been insufficiently chlormated, orgamsms of the 1.A.C. subgroup
may be more numerous than fecal coliform organisms (23).

DuUferentiation of Oreanisms

Because variwous numbers of the coliform group normally grow
in diverse natural habitats, attempts hive been made to differentiate
the population in polluted waters, with specific interest directed
toward these coliforms that are derived from warm-blooded animal
contamination. In his pioneering resecarch, MacConkey (23, 24)
definea the aerogenes group in terms of certain fermentaticn
characteristics, ability to produce indole, and reaction in the
Vopes-Proskauer test. Other developments refined techniques
that progresscd to differentiite the coliform group on the basis
ol mndole production, methyl red, and Ve es-Proskauer reactions,

and citrate utilization (IMVIC tests) into the E. coli, Enterobacter

acrovencs, mwermediate, and irrepular subgroups (24-28).

In another approach to cohform differentiation, Hajna and
Perry (29) and Vaughn, Levine, and Smith (30) further developed
the Lijkman test (31) to dastinguish organisms of tecal oripgin from
those of nonfecal origin by clcv_:ltmg the mcubation temperature
for lactose fermentition. Geldr eich, and associates, (31, 32)
further refined the procedure and developed additional data to
indicite the specific correlation of ths elevated temperature

procedurce to the occurrence of fecal contammation.

o
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Fecal Coliform Measurements

The fecal coliform bacteria, @ subgroup of the total coliform
population, does have a direct correlation with fecal contamnation
from warm-blocded animals. The principal biochenucal character-
1stic used to identify fecal coliform is the ability to ferment lactose
with gas production at 44.5 C. Research data have shown that 96.4
percent of the colitorms in human iecces were positive by this est
(10). Examinuation of the excrement from other wiarm-blooded animals,
includmng hvestock, poultry, cats, dogs, and rodents (33-34), indicate
the fecal colforms contribute 93.9 to 98.7 percent ¢t the total
coliform population. The preduminant fecal coliform type most
frequently found m the mtestmnal flora is E. coli. Occasionally,
other coliform IMVIC types may predom:nate for periods of scveral
months before a shift occurs in type distribution. For tus reason,
1t 1s more significant to be able to measvre all coliforms common
to the mtestimal tract. In man, particularly, there is a significantly
greater positive correlation with the broader {ecal coliform concept
(96.4 percent) than with 1dentification of 1. cult by the traditional
IMVic biochemical reactions (87 2 percent).

Application to Treated Waler

The presence of any type of coliform organisin in treated water
sugeests cither oadegaate treatment or contamunation after post-
chloraation (23). It 1s true there are some differences between

various colifisr*a strams with regard to natural survival and thewr
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chlormaton resistance, ixut ihesc dare m:nor owlosgicil sariigans,
that are more clearly demonsorated w the laboratory than in the
witter treatment system. ‘The pre sence of any colifform bhacteria,
fecal or nonfecal, in treated wiater should nut be tolerated.

Insofar as bacterial pathegens are concerned, the coliforin group
1s considered a reliable indicator of the adequacy of treatment. As
an indicator of pollution in drinking water supply svstems, and
mdnectly as an indicator of protection provided, the colifurm group
is preterred o fecal coliform orgamsims. Whethoer these considerations
can be eatended 10 include rickettsial and viral organisms has not
been definlely dotermaned.

Sample Size
The munimum otticial sample volume cited 1t the earlier editions

of the Drinkane Water Standards and Standard Methods for the

Eximumation of Water and Wastewater was cither stated or imphed

to be 50 ml because of the requiremeont to moculate a series of 5
lactose broth fermentation tubes, cach with a 10 ml or 100 ml pnrtion
of the saumple. Few laboratories cver routinely employed the Jarger
purtions in the multiple tube procedure becouse of the stlendant
problems of preparing, handling and incubating the larger sized sample
bottles that a: ¢ required. Thus, when the multiple tube procedure

wis used, it became a practice to examine only 50 mi. With the
development of the membrane {ilter procedure {for routine potable
witer testing, the exiumination of larger sample volumes became

pracueal, limited only by the turbidity of water and excessive

bacteriil populations.



Since many witer supplies are sampled mnfrequently during the
month, it 1s statistically more meaningful to examine a large sample
for greater test precision with reduced risk of failing to detect some
low level occurrence of coliforms. Increasing the sample portion
examined will tighten the base line sensitivitly and is particulavly
important for measuring the coliform reduction capacity of disin-
fection that approaches the :inagnitude essential {or control of water-
borne virus. Mack et al (35) reported poliovirus type II cuuld be
isolated from a restaurant well water supply using a flocculant in
the 2.5 gallon samples prior to centrifugation to concentrate the
low densitly virus particles. Bacteriological examinations of 50 ml
portions of tlic unconcentrated water samples were negative for
coliforms. llowever, coliforms werce found in the concentriated
sediment pellets. Future studies on coliform to virus occurrence
in potable water may require further tightening of the coliform
standard, possibly to a onc-liter base (36).

The recommendations to increase the sample size to 100 ml for
ba.teriological exammations of water is supporied in the 13th

Edition of Standard Methods where the larger volume is siated as

preferred. A study of State Health Laboratory procedures indicales
that 39 or 78 percent of these laboratory systems are currently
using 4 oz sample bottles to collect 100 ml of samyla, and 25

of these State Health Laboratory networks are examining

10



all public water samples vy the inembrance filter procedure. These
figures suggest that the stronger position now being proposed on a
minimum sample size of 100 ml for statistically improved coliform
monitoring is not unrealistic in terms of curreant practice.

Application to Source Waters & Unircaled Potlable Supplics

In the momtoring of source water quality, fecal coliform measure-
ments are preferred, being specific for fecal contamination and not
subject to wide-range density {luctuation of doubtful sanitary signifi-
cance.

Although the total coliform group is the prime measurement of
potable water quality, the use of a fecal coliform measurement in
untreated potable supplics will yield valuable supplemental infor-

mation. Any untreated potable supply that contains one or more

fecal coliforms per 100 ml should reccive immediate disinfection.
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Substitution of Residual Chlorine Measurement for Total Coliform
Measurement

The best method of assuring the microological safety of drinking
water is to mamtain gecod clarity, provide adequitte disinfection, -
cluding maintenance of a dismfcetant residual, and to make frequent
measurements of tae total coliform density in the distributed water.

In the 1962 U.S. Publ'¢ Heualth Service Drinking Water Stundards, the
major emphasis was on the measurement of toial coliform densities
and a sampling frequeacy orapl relating number of samples per month
to population served wes mcluded. The sampling frequency ranged
from ¢two per month for populations of 2,000 and less to uver 500 per
month, for a population ot 8 million.

The effectiveness of this approach for assurig microbiological
safety was evaluated during the 1369 Community Water Supply Survey.
The results of this evaluation by McCabe, ct. al., (1) are paraphrased
below.

Acrobological Quality

To determine the status of the bacteriological surveillance program
i citch of the 969 water ~upply systems mvestigated, records in the
State and county health departments were exanuned lor the number of
bacteriological samples taken and their results durmg the previous 12
months of record. Based on this mformation, only 10 percent had
bacteriological surveilliince programs that met the “criteria, ' while
90 pereent either did not collect sufficient samples, or collected

samples that showed puor bacterial quality, or both. The table
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below summarizes the results.

Bacterwlogical Surveillance

500 or 501 Greater than All
Population Less 100, 000 100, 000 Populiations
Number of Systems 446 501 22 969

Perceent of Systems
Met Criteria 4 15 36 10

Did not meet
Crileria 95 85 64 90

Sampling Frequeney

Insufficient samples were taken in more than one of the previous
12 months of record from 827 systems (85 percent of the survey total).
Even considering a samplmnyg rate reducced by 50 percent of that called
for in the eriteria, 670 systems (69 percent of the survey total) stll
would not have collected sufficient samples.

Recommendation

The water utility should be responsible for water quality control,
but the bacterwlogical surveillance collection requirements are not
being met m most smiall water systems cien though only two samples
per month are required. A more practical technigque must be developed
if the public’s health 1s to be protected. I all systems were chlorinated.
a residual chlorine determination might be a more practical way of
characterizing safety.

The validity of the recommendation that the measurement of chlcrine
residual might be a substitute for some total coliform measurcments has

been mvestigated by Buclow and Walton (2).
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Because the recommended rate of sivuple collection could not be

or were not bewmg used, alternative methods of indicating sifety were
considered. One suggestion was (o substitute the measurement

of chlorme residual for some of the bacteriological samples.

Since this method has the advantage of bewng easy to perform, and
thus providing an immedte indication of safety. Further, data

from Londoun, U.K. Cmcwnati, Ohio; and the 1969 Community Water
Supply Survey (CWSS) has shown that present samplhing locations do not
protect all consumers and that chlorine residual can be used to
replace some coliform determinations.

Sampling Location

Durimng 1965-66, the Loundoun Metropolitan Water Board using its
Standards, made bacterwological exannnations of 11, 371 samples of
water entering the distribution system, 947 samples taken from dis-
tribution reservolrs, 2,720 sumples taken following pipeline breaks,
and 689 samples from miscellineous locations (complants, hospitals,
ctc.). Most of the unsutisfactory results were associated waith reser-
voir problems. Man breaks and miscellancous samples were
responsible for most of the remamng unsatisfactory samples.

Chlorine Residu:l

In Cmcinnati during the 1969-70 period of {ree chlorine residual,
approximmately 24 samples were collected from each of 143 samphng
stations. None of the samples from 116 of these stations showed pre-

sence of coliform, and 23 of the remawming samphing stations showed coli-

form bacteria 1in only one out of the approaimately 24 samples examined.
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At the ovther four statwons where 2 or moie colsform-positive tests
were obtiined from the 24 samples, three had no chlorine residual at
the tmine the eoliform-pusitive samples were colleeted. The question
is raised, therefcre, as to the need for examimng samples routinely
collected from a large number of stitions scattered throughout the
system without regird to the water's residuil chlorine content.
Mauntaining o free chlorine residual of 0.2 mg/1 i the Cincinnati,
Ohiv, distribution system reduced the percentage of coliform positives
to about 1 percent. The table below from the CWSS data, shows that
the presence of a trace or more of chlorine residual drastically re-
duced or elimmated total coliforms from distribution system samples.

Percent of Various Types of Waler Supply Systems Fouud to Have
Average Total Coliforms Greater than 1/100 ml

Non- Chlormated With An:

Type of System Chlorinated  No Residual  Detectable Residual
Spruy 39 17 0
Combined Spring

and Well 41 28 0
Well 8 5 0
Surfuce 64 7 2
Cumbined Surface

and Well 100 16 3

These NIindings indicate that a major portion of a distribution systeu:,

exclusive of deadends, reservoirs, cte., could be monitored for bacter-

iological sufety bv the use of chlorine residual. (Emphasis added.)
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Therctore, when chlorme substitution is used, deternnnition of
total culitorm densatities should be continued in problem areas,
and some samplics, as a check, should be collected m the main

part of the distribution system.,
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These two studies led to the inciusion in the Regulations of Par.,
141.21(h) on the substitution of chlorme resiwdual tests for a portion
of the required total coliform determinations. Par. 141.21(h) states
that any substitution must be approved by the State on the basis of
a sanmitary survey. The following four 1tems should be specified by
the State:

1. The number and location of samples for which chlorine

residuils are to be substituted.
2. The form and concentration of chlorine residual to be
mawmtaned;

3. The [requency of chlorme residual determmations; and

4. The analytical method to be used,

While each approval must be made individually, taking into
account mdmvidual c1r-cum:smnccs, the following may offer some
guidance. The first requirement is the establishment of the relation-
ship between chlurmne resideal and the absence of total coldforms in any
given water., This may not be too duficult 1in larger supplies where both
of these measurements are routinely made, but 1t might be quite diffi-
cult for the smaller purveyors (where the most help 1s needed; who have
not been making either measurcment.

The wumber and location of samples for which chlorine residuals

are te bhe substituted

A



Total coliform mceasurements should continue to be made of the
funshed water as 1t enters the distribution svstem and at known
trouble spots such as reservolirs and dead ends. Substitution can be
considered in the free-flowing portion of the distribution system.

The chlorine residual to be maintained

In general, a low turbidity water with a free chlorine residual of
about 0.2 mg/l at a pli of less than 8.5 will be free from total coliforms
although these conditions may vary from water to water. However, a
higher free chlorine residual or the use of some other disinfectant 1s
requireu prior to the water entermng the distribution systen., where
dismnfection 1s practiced, :f inmitul disinfection 1s to be adeguate.

‘The frequency of chlorine residual determinations

Because the chlorine restdual test 1s so easy to perform, it is
reasonable to eapect the substitution of several chlorine residual deter-
minations for cach total coliform test deleted. In this way wider
coverage of tne distribution system can be achieved, thereby mcreasmng
the protection to the consunier. Smcee, for maximum protection,
chlorination must be centinuous, it is also reasonable to expect that
a mumnmwuum of one daly aetermination of chiorme residual be verformed
whenever the chlorine residual option has Yeen chosen., By limiung

the extent of substitution to 757 of ihe required bacteriological samples,



a sufficient number of bacteriological samples will still be taken
te enalile the assessment of the udequacy of disinfection and to
assure the continuity of water quality records.

The analytical method to be used

An analytical method free of interferences to eliminate lalse
residuals must be recommended. For tlns reason the DPD method
is specafied.

Finally, when the chlorme residual option is in use and a {ree
chlorine residual concentration less than that agreed to is measured
at a samplmg point, then a sampl- for total coliform analysis must

be taken mmmmeditely trom that point,
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General Bacterial Population

The microbial flosa in potable water supplies is highly va_iable
in numbers and kinds of organisms. Those bacterial groups most
frequently encountered in potable waters of poor quality include:

Pscudomonas, Flavobacterium, Achromobacter, Proteus, Klebsiella,

Bacillus, Serratia, Corynebacterium, Spirillum, Clostridium, Arth-

robacter, Gallionella, and Leptothrix (1-5). Substantial populations

of some of these organisms occurring in potable waler supplies may
bring a new area of health risk to hospitals, clinics, nurseries, and

rest homes (6-11). Although Pscudomonas orgunisms are generally

considered to be non-pathogenic, they can become a serious ''secondary
pathogenie invader" in post-operation mnfections, burn cases, and
intestinal-urinary tract infections of very young infants and the

elderly population of a communily. These organisms can persist and
grow in water containing a midimmal nutrient source of nitrogen and

carbon. If Pscudomonas becomes established in localized sections of

the distribution lines, it may persist for long periods and shed irreg-
ularly into the consumer's potable water supply (12). A continual
maintenance of 0.3 to 0.6 mg/1 free chlorine residunl will suppress
the development of an extlensive microbial flora in all sections of the
distribution netwosk.

Flavobacterium strains can be prevalent in drinking waler and on

water taps and drinking-{cuntain bubbler-heads. A recent study of

stored emervency waler supplics indicated that 23 percent of the

sampies conliuncd Flavobacterium organisms with densities ranging
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from 10 to 26,000 per 1 ml. Flavobacterium must be controlled 1in

the hospital environment because it can become a primary pathogen in
persons who have undergone surgery (13).

Klebsiella pneumoniae is another secondary invader that produces

human infection of the respiratory system, genilo-urinary system,
nosc and throat, and occasionally this organism has been reported as

the cause of meningitis and septicema (14). Klebsiella pneumoniae,

like Enterobacter acrogenes, (15) can multiply in very iminimal

nutrients that may be found in slime accumulations n distribution
pipes, water taps, air chambers, and aerators.

Coliform Suppression

The inhibitory influence of various organisms 1n the bacterial
flora of water may be important factor that could negate detectiun

of the coliform group (16-17). Strains of Pscudomonas, Sarcina,

Micrococcus, Flavobaclerium, Proteus, Bacillus, Actinomycetes,

and yeast have been shown o suppress the detection of the coliform
indicator group (18-21). These organisms can coexist in water, but
when introduced into lactose broth they multiply at a rapd rate,
mtensifymyg the factor of coliform inhibition (22). Suspensions of
vitrious anlagonistic organisms in a density range of 10,000 to 20,0C0
per 1 ml, added to lactose Lubcrs simultaneously with a suspension of
10 E. coli per 1 ml, resulted in reduction in coliform detection (19).
This loss of test sensitivily ranged from 28 to 97 percent, depending

on the combination of the mixed strains.
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Data from the Niational Community Water Supply Survey (23) on
bacteriological quality of distribution water from the 969 public
water supplies were analyzed (Table 1) for bacterial plate count re-
lationship to detection of total coliforms and fecal coliforms. It is
interesting to note that there was a signmificant increase in total
and fecal coliform detection when the bacterial counts increased
up to 500 per 1 ml. However, further increase in the detection of
cither coliform parameter did not occur when the bacterial count
per 1 ml was beyond 500 organisms. There was, in fact, pro-
gressively decreased delection of both coliform parameters as the
bacterial count continued to rise. This could indicate an aftergrowth
of bacteria in distribution system water or a breakpoint where coliform
detection was desensitized by the occurrence of a large general bacterial
population that included organisms known to suppress coliform 1ecovery.

Control of the General Bact~rial Population

Density himitls for the general baclerial population must be related,
in part, to a need to coitrol undesirable witter quality deterioration
and practical attainment for water throughout the distiribution systens.
This necessity for montlering the general bacterial population is
most esscntial in those supplies that do not mawmtamn any chlorine
residual in the distribution lines and 1n special applicatso.. - ‘nvolving
desalinization. This bacteriological nieasurement wouid serve as a

qualily control on water treatment proresses and sanitation of dis-
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TACLE 1

CACTERIAL PLATE COULT vs. CCLIFOR!Y DETECTIO.:
Ifl DISTRICUTION WATLR HETUOR: S FOT 669 PUFLIC VATEZR SUPPLIES

General Eacterial Pepulation* Total Celiform Fecal Coliform
Qonests Mange Ruaber of
[rioRaii B Sawples Occurrences Prrcent Occurrences Percent
1-10 1013 47 4.6 22 2.2
11 - 30 3n 28 7.5 12 3.2
31 - 100 396 72 12.2 23 7.1
101 - 300 272 48 17.6 20 7.4
301 - 500 120 30 25.0 N 9.2
501 - 1,0C0 110 21 19.1 9 B.2
1,000 164 31 18.9 5 3.0
TOTAL 2456 277 --- 107 -

*Standard Plate Count (48 hrs. incubation, 35°C)



tribution line sectiens and storage tanks that could be sheddng various
quantities of orgimsms mto the system, thercby degrading the water
quality.

Practical atttunment of a low general bacterial population can best
be judged by a study of data from the National Community Walter
Supply Survey. Data presented in Table 2 demonstrate the effectiveness
of chlorine residual in controlling the general bacterial population
in a variety of community water supply distribation systems. Althcugh
the number of samples on each distribution system in this special study
was small, 1t does reflect bacterial quility conditions in numerous
large and small witer systems examined in each of the eight metropoli-
tan arecas and the entire State of Vermont,

These data wndicate that the general bacterial population in
distribution hines can be controlled to a value below 500 organisms
per 1 ml by mamtaining a restdual chlurine level in the system.
Increasing the chlorine residual above 0.3 mg/1 to levels of 0.6 and
1.0 mg/l did not further reduce the bacterial population by any
appreciable amount. Restricting such bacterial densities to a hmat
of 500 orgamisms per ml is, therefore. not only attamable in the
distmbution system, but 1s also desirable to prevent loss in coliform
test sensiwtavity definitely observed at approximite densities of
1000 organisms per ml, thereby producing a safety faclor of at least

two.
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TABLE 2

THE EFFECT OF VARYING LEVELS OF RESIDUAL CHLORIKNE 0i THE TOTAL
PLATE COUNT IN POTABLE WATER DiSTRIBUTION SYSTE!NS*

Standard Plate

Residual Chlorire {ra/T1})

Count** 0.0 0.01 0.1 0.2 0.3 0.4 0.5 0.
<1 8. 12> 14.6 19.7 12.8 16.4 17.9 4.5 17.
1 -10 20.4 29.2 38.2 £5.9 45.5 51.3 59.1 42.
11 - 100 37.3 33.7 28.9 26.6 23.6 23.1 31.8 28.
197 - 500 18.6 11.2 7.9 9.6 12.7 5.1 4.5 10.
ol - 1000 5.6 6.7 1.3 2.1 1.8 0 0 0
>1000C 10.0 4.5 3.9 0 0 2.6 0 0
Numper of
Samples 520 89 76 94 55 39 4 28

*Data from a survey of community water supply systems in 9 metropoiitan areas (23)
**Srandard Plate Count (48 hrs. incubation, 35°C)

*++£1]1 values are percent of samples that had the indicated standard plate count.



Any appheation of a it for the general bacterial population
in potable water will require a defiition of medium, ncubation
temperature, and mcubation time so as to standardize the population
to be measured. The 13th edition of Standard Methods for the Exam-
ination of Water and Wastewater does speceify these require'nents for
a Standard Plate Count (SPC) to be used in collection * . water quality
control data. Because many organisms present in potable
witers are attenuited, wmitial growth in plate count agar frequently
is slow: thus, ncubation time should be extended to 48 hours at
35 C. This tume extension will permit a more meanmngful standard
count of the viable bacterial population. Samples must be collected in
bottles previvusly sterilized within 30 days and adequately protected
from dust accumulation. LExammation for a Stwundard Plate Count
should be mitiated within 8 hours of collection. This time may be
extended to periods up 1o 30 hours only 1f these samples are trans-
purted mn reed containers.

wWith manteniance of a chlorine resiwdual and turbidity of less than
one Turbidity Unit, the need for a bacterwlogical measurement of
the distribution system mnay become less ceritical,  For this reason,
it 1s recommended that such wiater supplies be momtored routinely for
baseline data on the yeneral bacterial population and correlated with
chlorine residual and turbidity measurements in the distribution
lines. It 1s also recommended that water plant personnet be alert

to unusual circumstances they may make 1t desirable to monitor the
33



general baceerial population more often m a check of water plant
treatment cfficiencics.,

For these reasons, the gencral bacterial population should he
limited to 500 organisms per 1 ml i distribution water. In theory,
the limitation of the general bacterial population to some practical
low level would also indirectly and proportionally limit any anta-
gonistic organisms that could suppress coliform detection and reduce
tht éxposure and dosage level for health effect organisms that might
be present.

While no maximum contiminant level for general biacterial popula-
tions 1s included in the Interim Primary Drmking Water Regulations,
it is recommended that the limit n.entioned above be used as an

operational puide 1n assessing the quality of drinking water delivered.

o~
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these 3 water supplies were really adeqguately treated. Only one of
the 8 poliomyelitis epidemics occurred in the United States, and

this was the result of cross-connection contamination. Since
Mosley's publication there have been three other reports of water-
borne infectious hepatitis outbreaks in this country, all reportedly
due to either sewage pollution of well wiler or cross-connection
contamination. An estumated 20,000 - 40,000 cases of infectious
hepatitis were reposcted iy Detha, India, in 1955-56 (2) attributable

to a manicipal water supply source heavily overloaded with raw sewage.
Thas outbreak, however, was not accompanied by noticeable increasce
of typhuid fever or other enterobacterial diseases, sugpgesling that,

mn practice, the virus(es) of infectious hepatitis may be more
resistant to chlorme or chloramines than are vegetiative bacieria.
Weibel and co-workers (3) listed 142 outbreaks of pgastroenternitis
during the periwod of 1946 to 1970 wn which eprdemiologic evidence
sugpested a waterborne nature. More than 18,000 persons were
affccted in these outbreaks. MNosley (1) suspected that a signifi-

cant portion of these ciuses must have been caused by viruses.

It 15 well recognized that many raw waler sources in this
country ¢ polluted with enteric viruses. Thus, water supphies
from such sources depend entirely upon the treatment processes
uscd o ehnunalte these pollutants.  Even though the processes may
be perfectly effective, an occasional breakdown in the plant or any

margmal practice of treatment could still allow the pollutants to



rei:ch the finished water suppties. It should be noted that Coin

and his assocites (4) have reported the recovery of viruz:s from
raw and finished wilers in Paris, France. Cown estimated that the
Paris witer probably contained one tissue culture unit of virus pei:
250 liters. Very recently, Mack et al (5) reported that poliovirus
wias recovered in water from a deep well in Michigan., Although the
well had a history of positive coliforms, coliforms and virus were

not recovered from an uncencentrated wiler sample; only after a

2.5 gallon sample of water was subjected to high speed centrifuga-
tion were both virus and coliforms recovered. This study would seem
to indicate that the present method of usmg the coliform test is not
adequate to indicate the presence of viruses. In summary, m the
United States, most witterborne virus diseace outbreaks have resulted
frem contanmnation of poorly treated drinking water by sewage e ther
directly or through cross-connections. Overt outbreaks of virus
discase from properly treated municipal water supplies are not

Kknown to have occurred. Proper treatment of surface water usually
means clarification followed by effective disinfection.

Chang (6), however, has thecorized that some water supphes that
practice only margmal treatment may contitin low levels of huiman
viruses, and that this small amount of virus micht initiate infection
or discase in susceptible individuals. He believes that such wdividuals

might thus serve as "index cases’™ and further spread the virus by
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person-to-person contact. Whether this hypothesis is true, can be
proved only by an intensive survey for viruses in numerous drinking
water supplices in this country, and such a survey has never been
conducted. If viruses were detected in a survey of drinking water
supplies, it would be necessary to conduct in-depth epidemiological
studies to determune if actual infection or discase was beimng caused
by these agents. Additionally, it would be necessary to determine
what modifications would be required 1n the watlcr treatment pro-
cesses to climmate these viruses.

The relative number of viruses and coliform organisms in
domestic sewage is important in assesswug the significance of the
coliiorm test and the "virus safety” of water. Calculations by
Clarke ct al (7) have indicated the following virus-colitorm ratios
in feces, scwape, and polluted waters.

Calculated Virus - Coliform Ratios

Virus Coliform Ratwo
Feces 200/gm  13x10%¢m 1:65, 600
Sewage 500/100 ml  46x10%/100m1  1:92,000
Polluted Surface Witer 1/100 ml 5):101‘/100 ml 1:50, 000

It is apparent that coliform organisms far outhumber human enteric

viruses in feces, sewage, and polluted surface water. It should be
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cmphasized that these citlculated ratios are only approximations and that
thoy would be subject to wide variations and radical changes, particularly
durmg a virus discase epidemic. Additionally, both bacteria and virus
populations in sewage and polluted weters are subject to reductions, at
different rates, from die-off, adsorption, sedimentation, dilution, and
various other undetermincd causes; thus, the coliform-virus ratio
changes, depending upon conditions resulting from the combined eftect
of all factors present. Thus, one must take into consideration the
most unfavorable conditions although ‘hey may be encountered very
infrequently. Such conditions may impose conside able demands on
the 1indicator system and treatment processes.

The efficacy of various water treatment processes in removing or
initctivating viruses has recently been reviewed by Chang (6) and also
in a Committee Report. "Engineering kEvaluation of Virus Hazards in
water' (8). These reports indicate that natural 'die-off'" cannot be
relied upon for the elimmation of viruses in water. Laboratory pilot
plant swudies indicate that combinatiwon of coagulation and sand filtration
is capable of reducing virus populations up io 99.7 percent if such treat-
ments are properly carried out (9). It should be noted, however, that a
[loc breakthrough, sufficient to cause a turbidity of as lhittle as ¢.5
Turbidity Units, was usually accompanied by a virus breaktirough in a

pilot plant unit seeded with hgh doses of virus (9). isinfeciion,
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however, is the only reliable process by which ;\':llCl‘ can be made free
of virus. In the past, there have been numerous studics conducted on
the chlorination of viruses. Recent work by Liu, et al (10), has
confirmed early observations and has reemphasized two possible weak-
nesses in these early reports: (a) the number of virus types studied was
very small, thus generalization on such results is not witirout pitfalls,
(b) the eariy chlorination studies were usually conducted with reasonably
pure virus suspensions derived from tissue culturcs or animal tissue and
may not represent the physical state of the virus as it exists under
natural conditiors {(clumped, embedded in protective material, elc.)
which would make the virus much more resistant to disinfectants.
Thus, it is imperiative that good ci.-if° *ation processes be used on
turbid waters to reduce their turbidity levels that will ensure effective
disinfection. Additionally, Liu's data show the wide variation in
resistance to chlorine exhibited by viruses, e.g., four minutes were
required to inactivate 99.9¢ percent of & reovirus population as
conirasted to 60 minutes to achicve the same percent inactivation
of coxsackievirus.

Virology techniques have not yet been perfec ted to a point where
they can be used to routinely monitor water for viruses. Considerable
pregress on method development, however, has been made in the past

decade. The mecthods potentially useful include: two-phase polymer
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separation (11), membrane filtration (12), adsorption on and clution
from chemicals (13, 14, 15), and the gauze pad techmque (16) to
name a few. From the concerted efforts of virus-water laboratories
throughout the world, it is hoped that a simple and effective method
will become available for viral exammation of water. In the interim,
control laboraturies having access to facilities for virus isolation
and identification should be encouraged to use available procedurces
for ealuating the occurrence of human enteric viruses in treated
waters.

As noted above, no simple and effective method for the viral
examination of water is available at this time. When such a method
is developed, and when there are sufficient data to provide the
necessary basis, a maximum contaminant level for virus will be

propesed.
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Turbidity

Drinking water should be low in turbidity prior to disinfection
and at the consumer's tap for the following reasons:

(1) Several studics have demonstrated that the presence of particulate
matter in water interferes with effective disinfection. Neefe, Baty,
Reinhold, and Stokes (1) added from 40 to 50 ppm of feces containing
the causative agent of infectious hepatitis to distilled water. They then
treated this water by varymng technigues and fed the resultant liqguid
to human volunteers. One portion of the water that was disinfected
to a total chlorine residual after 30 minutes of 1.1 mg/l caused
hepatitis in 2 of the 5 volunteers. A similar experiment in which
the water was first coagulated and then filtered, prior to disintection
to the same concentration of total residual, produced no hepatitis
mn 5 volunteers. This was repeated with 7 additional volunteers,
and agaimn no infectious hepatitis occurred.

Chang, Woodward and Kabler (2) showed that nematode worms
can ingest enteric bacterial pathogens as well as virus, and that the
nematode-borne oreanisms are completely protected agmnst chlorina-
tions even when more than 90 percent of the carrier worms are
mmobihzed.

Walton (3) analyzed data from three waterworks treating surface
waters by chlormation only. Coldorm bacteria were delected s the
chlui mated water at only one waterworks, the one that treated a Great
Lakes s.ater that usually did not have turbidities greater than 10 turbidity
unit {11), but occasionally contamned turbidities as great as 100 TU.
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Sandersoun and Kelly (4) stuched an impounded wiater supply
receiving no treatment cther than chlorination. The concentration
of free chlorine residual in saniples from houschold taps after a
minimum of 30 minutes contact time varied from 0.1 to 0.5 mg/1
and the total chlorine residual was between 0.7 and 1 mg/l. These
samples consistently yielded confirmed coliform organisms. Tur-
bidities in these scmples varied from 4 to 84 TU, and microscopic
examumation showed iron rust and plankton to be present. They
concluded "', . .coliform bacteria were imbedded n particles of
turbadity and were probably never in contact with the active ugent.
Viruses, being smaller than bacteria, are much more likely to
escape the action of chlorme in a natural water. Thus, 1t would
be essential to treat water by coagulation and filtration to nearly
zero turbidity if chlorination is to be effective as a viricidal
process.”

Hudson (5) reanalyzed the data of Walton, above, relating
them to the hepatitis incidence for some of the cities that Walton
stuchied plus o few others. A summary of his anitlysi1s 1s shown
in Table I. Woodward does, however, m a companion discussion
warn agamnst over mterpreting such himited data and urpes more

ficid and laboratory rescarch o clearly demonstrate the facts.
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TABLE 1

FILTERED-WATER QUALITY AND HEPATITIS INCIDENCE, 1953

Final
Averape Chlorine
Turbudity Residual Hepatitis
City TU mg/1 cases/100, 000 peovle
G 0.15 0.1 3.0
C 0.10 0.3 _ 4.7
H 0.25 0.3 4.9
B 0.2 - 8.6
M 0.3 0.4 31.0
A 1.0 0.7 130.0
3«



Tracy, Camarena, and Wing (6) noted that during 1963, in Sun Fran-
cisco, California, 33 percent of all the coliform saniples showed 5
positive tubes, in spite of the presence of chlorine residual. During
the period of greatest coliform persistence, the turbidity of this
unfiltered supply was between 5 and 10 TU.

Finally, Robeck, Clarke, and Dostal (7) showed by laboratory
demonstration that virus penetration through a granular filter was
accompanmed by a breakthrough of floc, as measured by an increase
in effluent turbidity above 0.5 turbidity unit in a pilot unit sceded
wiath an extremely hith dose of virus.

These 7T studies show the inmiportance of having a low {urbadity
witler prior to dismnfection and entrance into the distribution sysiem.

(2) The 1969 Community Water Supply Survey (8) revealed that
unpleasant tastes and odors were among the most common custumer
complaints. While organics and morganics 1 fimshed water do cause
tastes and odors, these problems are cften aggravated by the reaction
of chlorine with foreign substances. Mamtenance of a low turbidily
will permit distribution with less likelthood of increasing taste and

odor problems.



(3) Pegrowth of microorganisms n a distribution system is
often stimulated if organic matter (food) 1s present. An example of
this pussibility occurred in a Pittsburgh hospital (9). One source
of this food is biolugical forms such as algae which may contribute
to gross turbidity. Therefore, the maintenance of low turbidity
wdater will reduce the level of this microbial food & .d maintain a
cleanliness that will help prevent regrowth of bacteria and the
growth of other microorganisms.

(4) The purpose of maintaining a chlorine residual in a dis-
tribution system 1is to have a biocidal material wresent through-
out the system so that the consumer will be protected if the in-
tegrity of the system is violated, Because the suspended material
that causes turbrdity may exert a chiurine demand, the main-
tenance of a low turbidity water throughout the distribution system
will facilitate the provision of proper chlorine residual.

For these reasons, the limat for turbidity is one (1) Turbidity
Unmit (TU) as the water enters the distribution system. A properly
operated water treatment plant employing coapulants and granular
filtraton should have no difliculty in consistently producing a

finished witer conformng to ths limat.
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C - CHEMICAL QUALITY

The foiiowing pages present detarled data and the reasoning vsed
m reichwyg the various lints,

In general, limits are based on the fact that the substances
enumerated represent hazards to the health of man. In arriving at
specific himats, the total environmental exposure of man {0 a stated
specific toxicant has been considered. An attenmpt hag been made to
set lifetime himits at the lowest practical level in order to minimize
the amount of a toxicant contributed by witter, particularly when other
sources such as ml_lk, food, or air are known to represent the major
exposure to man.

The Standards are regarded as a standard of quality that
is generally attiunable by good water quality control practices.

Pour practice is an inherent health hazard. The policy has been
to set limits that are not so low as to be impracticable nor so
high as to encourage pollution of water.

No attempt has been made 1o prescribe specific limils for every
toxic or undesirable contaminant that might enter a public water
supply. While the need for continued attention to chemical contami-
nants of water is recogmzed, the Repulationsg arce limted to need and
available scientific data or imphications on which judgments can be
nade. Standards for innumerable substances which are rarely
found 1n water would require an impossible burden of analyfical

cxamination.



The following table indicates the percent of simples analyzed in
the Community Water Supply Study which exceeded 75% of the 1962
PHS Drinking Water Standards limits. This tiable shows the re-
latiunship of the exusting quality of water anulyzed during the study

to the drinking water standirds in effect at that time.
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PERCFENT OF SAMPLES IN THEE COMMUNITY WATER
SUPPLY STUDY WITH VALUE EXCEEDING 75% OF EACH LIMIT

IN THE 1962 DRINKING WATER STANDARDS

Constituent

DWS Limit

DWS Lt X 0.75

Percent of

Sumples Excecding

Arsenic
Barium
Cadmium
Chloride
Chromium
Color
Copper
Cyuanidc
Foamng
Agents
Iron
Lead
Alancanese
Nirate
Sclenium
Silver
Sulfate
YA

N

o B
NOCOOLULOOOO0

0.05 my/}
1 mg/l

0.010 myg/1
250 mg/1

0.05 mg/1
15 C.U.

1 mg/l
0.2 mg/l

5 myg/1
3 mg/l
0

0

Nl

01 my/l
05 my/1
mg/l
mg/1

0
0
0
187

—
O -

[2%]

[y
[«
WITOOWOOOO o

o
y-

.0375 myg/1
75 mg/l
L0075 mg/1
.5 mg/l

0.
25C.U.
.75 my/1
15 mg/l

0375 mg/!l

.375 mu/l
.225 my/1
L0375 mg/1
.0375 myg/1
15 my/l
.0075 myg/1
L0375 my/1
.5 mg/l
.75 mg/1

.24%
.03%
.45
.56%
.43%
.54%
.47%
.00%

.08%
.81%
.32%
.91
.46%0
.35%
.00
.37%
.35%

b
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DAILY FLUID INTAKE

For the purpose of these Regulations, a daily intake of water or
water based fluids of two liters was assumed. This figure was taken
as being representative of the fluid consumption of a normal adult
male, and was obtained by consulling standara textbooks on physiology
and numerous journ:il articles concerning watcr consumption.

It was realized that tremendous variation in individual consumption
would exist, but since women and children drink less than the average
man, it was decided that a Iarge percent of the ponulation would consume
less than two liters a day.

There have been numerous reports of individuals or groups of
persons who consume abnormally large quantities of water or water-
based fluids. For examnle, the consumplion of six liters of beer in
a day (1, 2) is not unknown. However, it should be noted that anyone
who consumes this quantity of beer would be getting more than 240 ml
(1/2 pint) of pure alcohol which is close to the miximum tolerable dose
for a day,

The Boy's Life Magazine (1971)(3) survey indicated that 8% of 10-17
year-old boys drink more than 8 soft drinks per day. This survey can
be viewed from another angle and a statement made that 92% of such
boys drink less than 8 soft drinks per day. It would probably be valid

fo statle that the average consumption is far less than 8,

-,

r
Y 1o

o



Guyton (1951)(4) properly indicates that diseased persons having
diabetes insipidus consume great quantities of water a day but even
raising the "daily fluid intake'" to 6 liters a day would not protect
these individuals who excrete up to 15 or more liters of urine per day.

It might also be pointed out that diabetes insipidus is a rclatively rare
disease and that these patients could not be considered average consumers,

Welch, et al (5) show that at temperatures up to 75°F 2 lilers or
less of fluid are drunk per day by adulf males.

Molnar, et al (6) found that average fluid intake in the desert was 5. 90
liters per day with a standard deviation of +2. 03 whereas average fluid
intake in the tropics was 3. 26 liters with a standard deviation of +1.09.
These men werce performing their normal duties including truck driving,
guard duty, hiking, etc. Five percent of the men in the tropics drank as
little as 1 liter a day.

Wyndham and Strydom (7) indicated that marathon runners lost between
1, 500 and 4, 200 ml of sweat in 20 miles of running at about 60°F. To
replace their fluid that day would require from 2.5 {o 5 liters of water.

In ""Clinical Nutrition' (8) the normal water loss per day shown
for a normal acult ranges from 1, 500 m! -~ 2,100 ml. The breakdown for
a 2,600 ml water intake is shown as 1, 500 from fluids, 800 ml from food
and 300 mi from metabolism.

In ""Physiology of Man in the Desert''(9) the average intake of fluid
for 91 men in the desert was 5.03 liters with a standard deviation of

+1.67. This indicales that some men only drank three liters a day in

-~
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a desert environment where temperatures went as high as 105°F,

In Best and Taylor's book, "The Physiological Basis of Medical
Practice, " (1945)(10) an average aduli s shown to require 2, 500 ml
of water from all sources under ordinary circumstances. The sources

of this water are shown as:

Solid and semisolid food 1200 cc
Oxidation of food 300 cc
Drinks (water, milk, coffec, beer, ctc.) 1000 cc

This reference points out that cooked lean meat contains from 65 to 70
percent water.

It should be noted that certain references refer to water loss per day
instead of drinking water intake. Walter loss per day is approximately
1 1,2 liters higher than the drinking water intake figure would be.

"Human Designs' (11) by Beck (1971) indicates that between 2200 ml
and 2800 ml arc required for an average adult with an average 2500 ml
daily f{luid intake. This author, however, reverses the food and drink
guantities shown above, DBoth of these refereinces indicate that 1 ce of
water is required per calorie of foud intake.

Two articles relating to the fluid intake of children might be cited
tere. One, by Galagan, et al (12), used children from under one year
of nuee to age ten and showed that tolal fluid intake per pound of body
weights was hiphest among infants and deereased with age. The water
intake listed average 0. 40 ounces (12 m)) per day per pound of body

wershi. They also found that waler intake increasced directly with

increases m temperature. -



The second article by Bonham, et al (13) concerns six-year old
children and lists 0. 70 ounces (21 ml) per day per pound. This is
total fluid and includes milk., I a child of this age weighed 50 lbs. ,
he would drink about one¢ liter per day.

The "Bioastronautics Data Book'' (14) lists an average of 2400 ml
total water intake but indicates the breakdown as 1,500 ml from drinking
water, 600 ml from food and 30 ml from oxidation of food.

More recently, the Task Group on Reference Man (1974)(15) estimated
the water-based fluid intake of an adult man to be 1650 ml/day, with
corresponding values for an adult woman of 1200 ml/day and for a
ckild of 950 ml/day.

Considering all the information we have available, two liters per day
drinking water consumption for the average man should be a reasonable
estimale. It is twice the amount listed by some authors and 30% higher
than other authors list as an average figure and is thercfore defensibie

as a reference standard.
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ARSENIC

The high toxicity of arsenic and its widespread occurrence in
the environment necessitate the setting of a limit on the cuncentration
of arsenic 1 drinking water.

The presence of arsenic in nature is due mainly {o natural
deposits of the metalloid and to its extensive use as a pesticidal
agent. Arsenic concentrations in soils range from less than one
part per million (mg 1) te several hundred myg /1 in thuse areas
where arsenical sprays have been used for years. Despite rela-
tively high concentrations of arsenic in soils, plants rarely take up
enouph of ‘he element {u constitute a risk to human realth (1, 2).
Despite the diminishing use of arsenicals as pesticides, presently
several arsenites are used as herbicides and some urscnates as
insecticides. In 1664, farmers in the U.S. used a combined
total of approxunmately 15 nmullion pounds of arsenicals (3).

The chemceal forms of arsenic consist of trivalent and pentava-
lent inorganic corapounds and trivalent and pentavalent organic
agents. It is not known which forms of arsenic occur in the drinking
wiler., Althoupgh combinations of all forms are possible, it can be
reasonably assumed that the pentavalent inorganic forn 1s the most
prevalent. Conditions that favor chemical and biological oxidation
promete the shift to the pentavalent specie; and conversely, hose
that favor reduction will shift the equilibrium to the trivalent

state. L
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The population is eaposed to arsenic in a number of ways.
Arscenic is still used, albeit infrequontly, to treat leukemia,
certain tvpes of anemia, and certain skin diseases (4). In the
dict, vegetables and grain contain an average of 0. 44 ppm and
meats an average of 0.5 ppm of arsenic (5). Organic arsemecals
are deliterately introduced into the diet of poultry and pigs as
growth stimulators and pesticides. The Food and Drug Admin-
istration has set tolerance limits for residues of arsenicals on
fruits and vegetables (3.5 mp as As, 0, per kg) and in meat
(0.5 to 2. 0 mg as As per k) (6). Shellfish are the dictary com-
ponents that usually contain the highest concentrations of arsenic,
up to 170 mg/kg (2,7, 8).

For the entire U. S., the arsealc concentrations in air range
from a trace to 0. 75 ug/m? (9). Airborne arsenic is usually the
result of operating cotton gins, manufacturing arsenieals, and
burning coal.

Arsenic content of drmmkig wiater ranges from a trace in most
U.S. supphies to approximately 0.1 mg/1 (10). No adverse health
cffects have been reported from the ingestion of water containing
0.1 mg/1 of arsenic.

The tosicity of arscnic is well known, and the ingestion of as
little as 100 mg can result i severe poisvning. In general, in-
organic arscnicals are more toxic to man and experimental
animals than the organic analogs; and arsenic in the pentavalent

olate is less toxic than that in the {rivalent form.

59+



Inorganic arsenic is absourbed readily from the gastro-intestinal
tract, the lungs, and to a lesser extent from the skin, and becomes
distributed throughout the body tissues and fluids (4). Inorganic
arsenicals appear to be slowly oxidized in vivo from the trivalent
to the pentavalent state: however, there is no evidence that the
reduction of pentavalent arsenic occurs within the body (5, 11-13).
Inorganic arsenicals are potent inhibitors of the intracellular
sulfhydryl (-SH) enzymes involved in cellular oxidations (14).
Arsenic is excreted via urine, feces, sweat, and the cpithehum of
the skin (15-20). A single dose is usually excreted largely ia the
urine during the first 24 to 48 hours after administration: but
climmnation of the remainder of the dose continucs for 7 to 10 days
thereafter. During chronic exposure arsenic accumulates mainly
m bone, muscle, and skin, and to a smaller degree in liver and
kidneys. After cessation of continuous eaposure, arsenic excre-
tion may last up to 70 days (14).

A number of chrounic oral toxaicity studies with inorganic arsenite
and arsenate (21-25) demonstrated the nunimnmm-effect and no-cffect
levels in degs, rals, and mice. Three generations of breeding mice
were exposed (o 5 ppm of arsenite i the diet with no observable
cffecte on reproduction, At high doses (i.e., 200 mg/1 or greater)
arsentc 1s a physiological antagonist of thyroid hormones in the
rat (26). Arsenic is also an antagonist of selenium and has been
reported to counteract the toxicily of seleniferous foods when added

to argicultural animals® feed water (27, 28). Rats fed shrimp meat
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cotaining a high concentration of arsenic retain very little of the
element as compared to rats fed the same eoncentrations of cither
arsenic tricxide or caleium arsenate (29), suggesting that the
arsenic In shellfish tissues may be less toxic to mammals than
that ingested 1in other forms.

In man, subacute and chronic arsenic poisoning may be insidious
and pernicious. In mild chronic poisoning, the only symptoms
present are fatigue and loss of cnergy.  The following sy mptoms may
be observed in more severe intoxication: gastrointestinal eatarrh,
kidney depeneration, tendency to edema, polyncuritis, liver cirrhosis,
bone marrow injury, and exfoliate dermatitis (30, 31). In 1962,
thirty-two school-age children developed a dermatosis associated
with cutancous exposure to arsenic trioside (32, 33). It has been
claimed that individuals become tolerant to arsenic. However, this
apparent effect is probably due to the ingestion of the relatively
insoluble:, coarse powder, since no true tolerance has ever been
demonsstrated (14).

Since the early nineteenth century, arsenic was believed to be
a carcinogen: however, evidence from animal experiments and human
experience has accumulated o strongly sugeest that arsenicals do
not produce cancer. One exceplion is a report from Taivwan showing
a dose-response curve relating skin eancer incidence 1o the arsenic

content of drinking water (14). Some reports inceriminated arsenic
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as a carcinogen (34, 35), but it was later learned that agents
other than the metalloid were responsible for such cancers (36).
Summers and hicManus (37) reported several cases of cancer
In individuals who had at some time in their lives been exposed
to therapeutic doses of arsenic trioxide (usually in Fowler's
Sulution). Patients displayed characteristlic arsenic keratosis,
but there was no dircet evidence that arsenic was the etiologic
agent in the production of the carcinoma.

Properly controlled studies (38, 39) have demonstrated that
industrial vorkers do not have an increased prevalence of cancer
despite continued cxposure to high concentrations of arsenic
trioanide. In the study by Pinto and Bennett (39), the exposure
was estimated by comparing the arsenic excreted in urine of
conirol and expoused populations. In the experimental group, some
workers who had been exposed to arsenic trioxide for up to 40 years,
excreted 0. 82 myg of arscnic per liler, or more than six times the
concentration of the control population. In addition, attempts to
demonstrate threugh animal studieés that arsenic is tumorigenic
have met with failure (23, 35, 40-42)., The possible co-carcino-
genie role of arsenic trioaide in the production of methylcholan-
threne-induced skin tumors has been investigated and found to

have no significant effect (43).
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However, some recent evidence supports the view that arscer:
is carcinogenic, Industrial workers in a plant manufacturing arsenic
powder were expused to arsenic dust and showed & higher incidence
of skin and lung cancer than other occupational groups (44, 45, 46).
Ulceration of the nasal septum appears to be a common finding among
workers exposed to inorpanic arsenic. The incidence of skin cancer
hias also been reported to be unusually high in arcas of England where
arsenic was present in drinking water at a level of 12 mg/1 {47).

Morc recently Lee and Fraumeni found that the mwortality rate of white
male smelter workers exposed to buth arsenic trioxide and sulfur
dioxide exceeded the expected mortality rale by a statistically significant
margin and found that lung cancer deaths among these workers increased
with increasing lengths of exposure to arsenic triosxide. They concluded
that their findings were "consistent with the hypothesis that exposure

fu high levels of arsenic trioxide, perhaps in interaction with sulfur
dionide ur unidentified chemicals in the work environment, is
responsible for the three-fold excess of respiratory cancer deaths
among smelter workers' (48).

Similarly, Ol, et al., found, in a study for the Dow Chemical
Company, that exposed employcees in a dry arsenical manufacturing
plant experienced a three-fold increase in lung cancer over the rate
for non-exposed employces (49).

Bactjer, ct al,, in a study for the Allied Chemical Company,

found that 19 of the 27 deaths occuring in this population befween 1960
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and 1972 were due to cancer as compiured to an expected number,
base.d on figures adjusted for age, race, and sex, of 7.3 cancer-
related deaths (50).

Additional medical problems relating to arsenic content of drinking
water have been reported from several other countries. Several
epidemiological studies in Taiwan (51-55) have reported the correlation
between increased incidence of hyperkeratosis and skin cancer with
the consumption of water with arsenic content higher than 0.3 mg/l.

A similar problem has been reported in Argentina (56-58). Dermalo-
logical manifestations of arsenicism were noted in children of Antofagasto,
Chile, who used a water supply with 0.8 mg/l. A new water supply

was provided, and preliminary data show that arsenic levels of hair
have decreased, and further study will be mude of the health of persons
born since the change in supply (59). Arsenicism affecting two members
of a family where the arsenic content of the family's well varied between
0.5 and 2. 75 mg/1 over a period of several months, was reported

in Nevada (60). A study in California found that a greater proportion

of the population had elevated concentrations of arsenic in the hair

when the drinking water had more than 0. 12 mg/1 than when it was
below this concentration, but illness was not noted (61). In none of

the ciln_::d incidents of apparent correlalion of arsenic in drinking water
with increased incidence of hypcrkcmt'osis and skin cancer has there
been any confirmed evidence that arsenic was the etiologic agent in

die production of carcinomas.
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Arsenic is a geochemical podutant, and when it oceurs in an area
it can be expected to be in the air, food, and water, but in other
cases it is due to industrial pollution. In some opidcmiologicnlfﬁ
studies it is difficult to determine which expesure is the greater
problem. A recent study (62) of metallic air pollutants showed that
arsenic levels of hair were related to exposure from this source,
but other exposurecs were not quantitated. The Taiwan studies were
able to compare quite similar pnpulations that differed only in the
water inlake. Decep wells contained arsenic, but persons using
shallow wells were not exposed.

The change in water supply in Chile provided a unique experience
to demonstrate the ceffect of arscenic in drinking water in spite of
other arscnic expusures.

Il is estimated that the total intake of arsenic from food is an
average of 900 pg/day (5). At a concentration of 0,05 mg per liter
and an average intake of 2 liters of water per day, the inlake from
water would not exceed 100 pg per dav, or approaximately 10 perceat
of the total ingested arsenic.

In light of our present knowledge concerning the pofential health
hazard from the ingestion ot arsenic, the concentration of arsenic

in the drinking water shall not exceed 0,05 mg/I.
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BARIUM

Biarwum 1s recognized as a general muscle stimulant, including
especially the heart muscle (1). The fatal dose for man is consivered
to be from 0.8-0.9 ¢ as the chloride (550-600 my Ba). Most
fatalities have occurred from mistaken use of barium salts incorporaied
m rat poison. Bariwum s capable of causing nerve block (2) and n
smitll or moderate doses produced transient increasce in bloud pressure
by vasoconstriction (3). Aspirated barium sulfate has been reported
to resull in granuloma of the lung (4) and other sites in mun (3).
Thus, cvidence exists for high acute toxicity of ingested soluble
barmam salts, and for chronic irreversible changes in tissues result-
g from the actual depostion of insoluble forms of barwum in sufficient
amounts at a localized site. On the other hand, the recent literature
reports no accumulation of barum in bune, muscle, or Kidney from
experimentally admimstered barium salts in animals (6). Most of
the administered dose appeared in the liver with fur lesser amounts
in the lungs and splecen. This substantiates the pror finding of no
measurible amounts of barwum i bones or soft tissues of man (7).
Later, more accurate analysis of humian bone (British) showed 7 ug
Bu./g ashed sample {8), bul no increase in bone barium occurred from
birth to death. Small amounts of barium have been shown o go to
the skeleton of animals when tracer amounts of barium-140 were uscd
(9), but no determinations of barium have been made m animals to

which barmum had been repeatedly adminstered for long perods.
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No study appeirs to have been made of the amounts of barium
that may be tolerated n drinking water or of effects from prulonged
feeding of barium salts from which an acceptable witer guideline
may be set. A rational basis for a water muideline may be derived
from the threshold limmt of 0.5 myz Ba/m? a1r set by the American
Conference of Governmental Industrial Hygienists (10) by procedures
that have been discussed (11). By assuming that 75% of the barium
inhiled is absurbed into the blood stream and that 90°c 1s @ reason-
able factor for absorption via the gastrointestinal tract, a vaiuce of
2 g/l can be derived as an approximate limiting concenuration for
a healthy adult population. The introduction of a safety factor to
account for heterogencous poupuliations results m the derivation of
1 me’l as a Iomat that should constitute a "no effect’ level in
witer. Because of the seriwusness of the toxie eftects of barwum
on thie heart, blood vesscels, and nerves, drinking water shall not

contain barwm i a concentration exceedmng I mg-1.
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CADMIUM

As far as is known, cadmium is biologically i nonessential, non-
beneficial element of high toxic potential. Evidence for the serious
toxic potential of cadmium is provided by: (a) poisoning from cadmium-
contaminated feod (1) and beverages (2); (b) emdemiologic evidence
that cadmium may be associated with renal arterial hypertension
under certain conditions (3); (¢) epidemiologic association of cadmium
with "Itar-itai’’ disease in Japan (4); and (d) long-term oral toxicity
studies in animals.

The possibility of cadmium being a water contaminant has been
reported in 1954 (5): seepage of cadmium into ground water from
clectroplating plants h: s resulted in cadmium coneentrations ranging
trom 0. 01 to 3.2 mg/l. Other sovurces of cadmium contamination in
water arise {rom zinc-galvanized iron in which cadmium is a con-
taminant. The average concentration of cadmium in drinking water
from community supplies is 1, 3 ug per liter in the United Stales.
Shght amounts are common, with 63 percent of samples taken at
household tina showing 1 ug per liter or more. Only 0.3 percent
of tap samples would be eapected to exceed the hmils of 10 ug
per liter (6).

Sceveral mstances have been reported of poisonwp from eating
substances contaminated with cadmium, A group of school children
were made 111 by eating po‘psicles containmg 13 to 15 mg/l cadmum (1).
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This is commonly counsidered the emetic threshold concentration

for cadmium. It has been stated (7) that the concentration and not

the absolute amount determines the acute cadmium toxicity; equivalent
concentrations of cadmium in water are likewise considered more
foxic than equivalent concentrations in food probably because of the
antagonistic effect of compunents in the food.

Chronic oral toaicity studies in rats, in which cadmium chloride
was added to various diets at levels of 15, 45, 75, ana 135 ppm
cadmium, showed marked anemia, retarded growth, and in many
instances death at the 135 ppm level. At lower cadmium levels,
anemia developed later; only one cadmium-~fed animal had marked
ancemia at the 15 ppm level, Bleaching of the incisor teeth occurred
in rats at all level:, excepl in sume animals at 15 ppm. A low protein
dict increased cadmium toxicity. A maximal "no effect” level was
thus not established m the above studies (8). A dietary relation fo
cadmium toxicity has been reported by otiers {3).

Fifty mg/l of cadmium admmistered as cadmium chloride in food
and drinkig water to rats resulted in a reducticn of blood hemoglohin
and lesscened dent pigmentation. Cadmium did not decrease: experi-
mentai caries (10).

In o study specifically designed to determine the effects of drinking
waler contaminated viath cadnium, five groups of rats were exposed

to drinkmg water containing levels from 0.1 to 10 mg/l.  Although
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no cffects of cadmum toxicity werc noted, the content of cadmium

in the kidney and !iver increased in direct proportion to the dose

at all levels including 0.1 mg/l. At the end of one year, tissue
concentrations approximately doubled those at six months., Toxic
effects were evident in a three-month study at 50 mg/1 (11). Later
work has confirmed the virtual absence of turnover of absorbed
cadmium (12). More recently, the accumulation of cadmium in renal
and hepatic tissue with age has been documented in man (13).

Recent epidemiological evidence strongly suggests that cadmium
inpestion is associated with a disease syndrome referred to as
"Itai-itai" in Japan (4). The discase syndrome is characlerized
by decalceification of bones, proteinuria, glycosuria and increased
serum alkaline phosphalase, aad other more subjective symploms.
Sumitar clinical manifestations have been noted in cadmium workers
(14). Yamagatia ana Shigematsu (15) have estimated the current
daily intake of cadmuum in an endemic "Itai~itai’ area as 600 uy.
The authors from a geological and topographical survey as well as
knowledye of local customs, concluded that the daily cadmium intake
in the ende.aie area was probably higher in the past. They concluded
that 600 ug per day would not cause "[tai-itai"" disecase. ’I:Ilc average

ingestion of caovrim is 59 ug/day in non-polluted arcas of Japan.
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-The assocuation of cardiovasealar disease, particularly hyper-
tension, with ingestion of cadmium remains unscttled. Conflicting
evidence has been found both in man (3, 16) and in animals (17, 18).

It is notable that hypertension has not been associated with ‘Ttai-itai"
disease (19).

The main sources of cadmium exposure in the United States to
the general population appear to be the diet and cigarette smoking.

R. E. Duggan and P. E. Corneliussen (20) of the FDA in a market
basket survey of five geographic regions in the U, S. found the *‘daily
intake' of cadmium to be 50 pg in 1969 and 3C upy in 1970. Each
market basket represented a 2-week diet constructed for a 16-19 year-
old male. Murthy and associates found the cadmium intake of children
to be 92 ug per day from a study of institutional diets (21). Other
cstimates are also penerally higher than FDA's -- ranging from 67 to
to 200 ug/day. A review of these data suggest 75 pug as @ reasonable
estimale of average daily dietary intake (22, 23, 24, 25).

Ciparctie smokmng has also been shown to be important, Twenty
cigarettes per day will probably cause the inhalation of 2-4 pg of
cadmium (26). However, the absorption rate associated with ciparette
smoke inhalation 1s much larger than that associated with food ingestion.
Lewas (27) has shown in autopsy studies that men who smoke one
or more packapes of cigarettes per day have a mean cadmium
concentration in the renal cortex (wet weight) double the level in a
conirol group of non-smoukers. Hammer (24) in similar studies also
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found renal wet weight concentrations for thuse smoking 1 1/2 or
more pickages of cigaretis per day to be more than twice as high as
for non-smokers. In terms of effective body burden, then, cigarette
smoking may double the level derived from food intake alone.

Exactly what exposure to cadmium will cause proteinuria, the
carliest manifestation of chronic cadmium poisoning, is unknown,
From animal experiments and very limited human observation in
cases of industirial exposure, it is believed that a cadmium level
of 200 ppm wet weight in the renal cortex will be associated with
proteinuria. (However, it should be noted that in one case a level
of 446 ppm was found by Axelsson and Piscator without proteinuria)
(29). It has been estimated that with 5% gastrointestinal absorption,
rapid excretion of 10% of the absorbed dose, and 0. 05% daily excretion
of the total body burden, it would take 50 years with a daily ingestion
of 352 pg of Cd {o attain the critical level of 200 ppm wet weight
in the renal cortex. The percentage absorption in man is unknown.

If the gastrointestinal absorption of cadmium in man really is about
3%, it would probably take about 500-600 ug ingested per day to
cause proteinuria,

Concentration of cadmium shall be limited to 0.010 mg/] in drinking
water. At this level it would contribuie 20 ug per day to the dietl of a
person inpesting 2 liters of water per day. Added {o an assumed diet
of 75 ng/day, this would provide about a four-foid safetly faclor. This

dues not, however, lake cigarelle smoking into accound,
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CHROMIUM
Chromium, particularly in the hexavalent state, is tuxic to man,
produces lung tumcrs when inhaled, and readily induces skin sensitiza-
tions. Chromium occurs in some foods, in air including cigarette
smoke, and in some watler supplies (sce Table I). It is usually in
an oxidized state in chlorinited or acrated waters, but measurcments
for total chromium are easily made by atomic absorption, so the some-

what conversative total value is used for this guideline.,

TABLE 1
U.S. urban air concentrations range, 1965 61) ............0-0.028 yg/m?
Chromium content in cigarette tobacco (2) ......cvvven....1.4 ng/ciparette
Chromium 1 foods cooked in stainless-steel ware (3).......0-0.35 mg/100 g

Chromium concentration range mn witer supplies 1969 (4)....0-0.08 mg/1

Comparatively little data are available on the incidence and frequency
of distribution of chromium in foods. Although most information has
Limited apphicability, one study (5) determaned the occurrence of chromwum
and other elements i mstitutional drets. In that investgation, the
concentrations of chronnum in foods ranged from 0,175 1o 0.470 mg/ky.

Chromium has not been proved (o be an essential or a bencficaal
element in the body . However, some studies suppcest that chromium
may mdeed by essential in muute quantities (9,6, 7). At present, tae
levels of chromium that can be tolerated by man for a lifetume without

adversce cffects on health are still undetermmed. A famly of four
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indivicuals is known to have drunk water for periods of 3 years at a
level as high as 0.45 milligrams chromum per liter without known
cffeets on their health, as determined by a single medical examina-
tion (8).

A study by MacKenzie ¢t al (8) was designed to determine the
toxicity to rais of chromate (Cr**') and chronne (Cr*?) ion at
various levels in the drinking water. This study showed no evidence
of toxic responses alter one year at levels from 0.45 to 25 mg/1
by the tests employed, viz., body weight, food consumption, blood
changes, and mortality. Significant accumulation of chromium in
the tissues occurred abruptly at concentrations above 5 my/l;
however, no study his been made of the elfects of chromium on a
cancer-susceplible strain of animal. Recent studies demonstriated
that 0.1 myr of potassium dichromate per kg enhances the secretory
and motor activity of the intestines of the dog (10).

From these and other studies of toxicrty (11-13), it would
appear that a concentration of 0.05 mg/l of chromwm meorporates
a reasonuble factor of safety to avoid any hazard to hurian health,

In addition, the possibility of dermal effects from bathu e in
water contaming 0.05 mg/1 would likevase appear remote,
although chromium 1s recocmzed as i potent sensitizer of the
skin (3). Therelore, drmkmg water shall not contain more than

0.05 mg/1 of chromium.,
i ol
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Cyanide in reasonable doses (10 mg or less) is readily converted
to thiveyunate in the human body and is thus much less toxic for man
than fish. Usually, lethal toxic effects occur only when the de-
toxifying mechanismn is overwhelmed. The oral {oxicity of cyanide

for man is shown in the following tabte.

Oral Toxicity of Cyanide for Man

Literaturc
Dousage Respunse Citations
2.9-4.7 my/l Noninjurious (1)
10 my, single dose Noninjurious (2
12 mg/] in water Calculated from threshold (3)
limited for air to be safe
59-60 myg, single duse Fatal (4)

Proper chlorination to a free chlorine residual under neutral
or alkaline conditions will reduce cvianide {0 very low levels.
The acute oral toxicity of eyanogen chloride, the chlorination
product of hydrogen cyanide, is approximately ere-twentieth that
of hydroeen evanide (5). It should be noted that at a pH of 8.5
cvanide is readily converted to eyanate which 15 much less tosic.
Recause of the above considerations, and beeause eyvanide occurs,
however rarely, in drinking water primarily as (he resull of spiils
or other accidents, there appears to be no justification for establish-

ing a maximum contaminant level for cyanide.
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FLUORIDE

The Food and Nutrition Board of the Nativonal Research Council
has stated that fluoride is a normal constituent _{ all diets and is
an essential nutrient (1). In addition, fluoride m drinking water
will prevent dental caries. Wnen the concentration is optimum,
no il effects will result, and the caries rate will be 60-65 percent
below the rates in communities with little or no fluoride (2, 3).

Excescive [luoride i drinking water sapplies produces
ubjectionable dental fluorosis which increases with increasing
fluoride concentration above the recommended upper control himits.
In the United States, this is the only harmful cffect observed to
result from fluoride found in drinking water (4,5,6,7,3.9,10,11).
Other expected effects from excessively high intake levels are:

(a) bone changes when water containing 8-20 vy {luoride per liter
(8-20 mg/1) 1s consumed over a Jong period of time (7): (b) erappling
fluorosis when 20 or more mg of fluoride from all sources is con-
suined per day for 20 or more years (12); (c) deuth when 2,250-

4, 500 myg of (luoride (5,000-10,000 myg sodium fluoride) is consumed
i a sigle dose (7).

The optimun: {lvoride level (see Table 1) for a given community
depends on clinuitie conditions because the amount of water (and
conscequently the amount of fluoride) gested by children is primarily
mfluenced by air temperature. This relationship was lirst studied

and reported by Galagan and Associates in the 1950's (13, 14, 15, 16),
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but has been jurther wvestizated and supported by Richards, et al
(17) in 1967. The control limits for fluoride supplementation, as
shown in Table 1, are simply the optimum concentrations for a
given temperature zone, as determined by the Public Health Service,
DHEW, from the data cited, plus or minus 0.1 mg/liter.

Many communitie : with water supplies containing less fluoride
than the concentration shown as the lower limat for the appropriate
air temperature range have provided fluoride supplementation
(18,19, 20,21). Other communities with excessively high nutural
fluoride levels have effectively reduced flucrosis by partial de-
fluoridation anc by change to a water source with more acceptable
fluoride concentrauvion (22, 23, 24).

Richards, ot al (17) reported the degree of fluorosis among
chudren where the commuenity water supply fluoride content was
somewhat above the optimum value. Frow such evidence, 1t is
apparent that an approval limit (sce Table 1) sl.ghtly higher than
the optimum range can be tolerated without any mottling of teeth,
so where fluorides are native to the water supply, this concentra-
tion 1s acceptable. Higher levels should be reduced by treatment
or blending with other sources lower i fluoride content.  In such

a case, the optimum value should be sought and maintiuned.
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Table 1

Annual Average of Recommeonded Control

Maximum Daily Air Limits Fluoride Approval
Temperatures Coacentrations i mg/l Linmut

F Lower Optimum Uppcer mg/1

50.0 - 53.7 1.1 1.2 1.3 2.4
53.8 - 58.3 1.0 1.1 1.2 2.2
58.4 - 63.8 0.9 1.0 1.1 2.0
63.9 - 70.6 0.8 0.9 1.0 1.8
70.7 - 79.2 0.7 0.8 0.9 1.6
9.3 - 90.5 0.6 0.7 0.8 1.4

It should be noted that, when supplemental fluoridation is
practiced, it 1s particularly advuntageous to mamntain a-fluoride
coacentration at or near the optimum. The reduction in dental
caries eaperienced at onumal {luoride concentrations will be
dimnished by as much as 50% when the fluoride concentration

is 0.2 mg/1 below the opumum. (25, 26)



10.

REFERENCES

National Rescarch Council, Food Nutrition Board, Recommended
Daily Allowance, Seventh Revisedi Ldition, Publication 1964,
Natonal Academy of Sciences, Washington, D.C. p. 55 (1968).

Dean, H.T., Arnold, F.A., Jr. and Elvove, E. Domestic
Water and Dental Caries. V. Auditicnal Siudies of the Relation
of Fluoride Domestic Waters to Denial Caries Experience 1n
4, 425 White Children, Age 12 Lo 14 Years, of 13 Cities in

4 States. Pub. Health Rep. 57: 1155 (1042).

Dean H.T., Jay, P., Arnold, F.A., Jr. and Elvove, E.
Domestic Water and Dental Carmes. il. A Study of 2,832 White
Chiliiren Aged 12 10 14 Years of 8 Suburban Chicago Communi-
ties, Including Lactobacillus Acidophilus Studies of 1,761 Child-
ren. Dub. Health Rep. 56: 761 (1941).

Dexan, H.T. Geographic Distribution of Endemic Dental Fluorosis
{Mottled Enamel), In: Moulton, F.R. (Ed.) Fluorme and

Dental Heelth, ALALA .S, Pub., No. 19, Washington, D.C.,

pp. €-11 (1946).

Dean, H.T. The Investipation of Physiological Effcets by The
Epidemioiogical Mcthod, In: Moulton, F.R., (Ed.) Fluorine
and Denwdd Health, ALALA.S. Pub. No. 19, Washmington, D.C.,
pp. 23-31 (1940G).

Dean 11.T. Chronic Endemic Dental Fluorosis (Moitled Enamel).
JAMA. 107; 1269 (193v;.

Hodge, H.C., and Snmuth, F.A. Some Public Health Aspects
of Walcer Fluoridation, In: Shaw, J.H., (Ed.) Fluoridation
as a Public Health Measure, A.ACA 5. Pub. No. 38,
Washimgton, D.C., pp. 79-109 (1954).

Heyroth, F.F. Toswcologie Bvidence for the Safely of Fluori-
dation of Public Water Supplics. Am. J. Pub. Health 42-
1568 (1952).

McClure. F.J. Fluorine in Food and Drinking Water. J. Am.
Dict. Assn. 29: 560 (1953).

U.S. Public Health Service National Institutes of Health,
Divaision of Dental Health., Natural Fluoride Content of
Community Waler Supplies, Bethesda, MD. (1969).

G



11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22,

23.

24.

L.cone, N.C., Shimkin, N.B., Arnold, F.A., Stevenson, C.A .,
Zimmerman, E.R?., Geiser, P.B., and Licherman, J.E.
Medical Aspects of Excessive Fluoride in o Water Supply.

Pub. Health Rep. 69: 925-936 (Oct. 19549).

Ronolm, K. Fluorine Intoxication. A Clinical-Hygienic Study.
H.K. Lewis & Co., Ltd., London (1837).

Galagan, D.J. and Lamscn, G.G. Chmate and Endemic Dental
Fluorusis. Pub. Health Rep. 68: 497 {1953).

Galagan, D.J. Climale and Controlled Fluoridation. J. Am.
Dent. Assn. 47: 159 (1953).

Galagan, D.J., Vermillion, J.R. Determmng Optimum
Fluoride Concentrations. Pub. Health Rep. 72: 491
(1957).

Richards, L.F., et al. Determining Optimum Fluoride Levels
for Commumty Waler Supplies in Relation (o Temperature.
J. Am. Dental. Assn. 75: (1967).

Peiton, W.J., and Wisan, J.M. Dentistry in Public Health
W.B. Saunders Co.. Philadelpina pp. 136-162 (1949).

Arnold, F.A., Jr., Dean, H.T., Jay, P.. and Knutson, J.W.
Fifteenth Year of The Grand Rapids Fluoridation Study.
J. Am. oental Assn. 65: 730 (1962).

U.S. Public Health Service. Flouridation Census 14969.
National Institutes of Health, Division of Dental Health.
U.S. Government Prmting Office, Washington, D.C. (1970).

Maier, F.J. Twenty-five Yoars of Fluoridation. JAWWA
(1970).

Dean, H.T. and McKay, F.S. DProduction of Mottled Enamel
Halted Ly A Change in Common Water Supply. Am. .J. Dub.
Health 29: 530 (1939).

Dean, H.T., McKay, F.S. and Flvove, E. Mottled Enamel
Survey of Bauxite, Ark. 10 Years After A Change In The
Common Watcer Supply. Pub. Health Ren. 53: 1736

(1938). —

Maicr, F..J. Partial Defluoridation of Watcr. DPublic Wurks
(19G0). .

9.



25.

26.

Chrictzberg, J.E. and Lewis, 1'.D., Jr. Effect of Inudequate
Fluorides in Public Water Supply on Dentutl Caries. Ga.
Dental J. (1957).

Chrietzberg, J.E. and Lewis, J.F. Effect of Modifying Sub-
Optimal Fluoride Concentration 1n Public Water Supply.
J. Ga. Dental Assn. . (1962).



LEAD
Lead is well known for its toxicity in both acute and chronic exposures.
Kehoe (1) has pointed out that in technologically developed countries,
the widespread use of lead multiphes the risk of exposure of the
population to excessive lead lesels. For this reason, the necessily
of constant surveillance of the lead exposure of the general popula-
tion via food, air, and water is imperative.

The clinical picwre of lead intoxicativa has been well decumented
(2). Unfortunately, the general picture of the symptolns is not
unique (i.c., gastrointestinal disturbances, loss of appetite, fatipue,
anemia, molor nerve paralysis, and encephalopathy) to lead intoxa-
cati-m and often this hus resulted in misdiagnosis (3,4). Several
laboratory tests that are sensifive to increased lead blond levels
have been developed for diagnostic purposes, but their relanonship
to the cffcets of lead intoxication are incompletlely understood.

The most sensitive of these is the inhibition of red cell-aminolevu-
linic acid dehydrase (ALAD) which correlates well with blood lead
levels from 5-95 ug/100 g blood (5,6). Berause this 1s not the
rale-lhimiting step in porphyrin biosynthesis, accumuintion of
aminolevuhimic acid (ALA) does not occur until aigh blood lead
levels are reached. Other such tests, wl‘lich correlale with blood
lead to a lesscer degree and atl higher lcvc‘ls, arc the measurement

of urinary copropurpayring, the number of coarsely stippled red

o
LY =)



blood cells and the basophilic quotient (6). These changes, in hem-
selves, have hittle known significance in terms of the danger to the
health of the normal individual, for although red cell life-time

can be shown to decrease (7), high lead concentrations are required
for the development of the anemia typical of lead intoxication (8).
Urinary ALA, however, has been shown {o be clusely related to
elevated lead levels in soft tissues (9, 10) and is considered to be
indicative of a probable heaith risk (11).

Young chililren present a special case in lead intoxication, both
interms of the tolerated intake and the severity of the symptoms
¢8). Lead encephalopathy is most common in children up to three
vears of age (12). The most prevalent source of lead in these
cases of childhood poisoning has been lead-containing paint still
found 11 many clder hemes (1,12). Prognosis of children with
lead encephalopathy is poor, witl: or without treatment. Up to
94% of the survivors have been found to have psychological abnor-
malities (13). It is stall unknown whether smaller intakes ot lead
without encephalopathy or subclinical lead poisoning causes mental
retardation or psychological abnormalities. Scoveral studies in
nutn and animals suggest this, (14,15, 16,17), but a well-controlled
prospecuive study in man has yel to be donc. ALAD 1n baby rats’
brams 1s suppressed by excess lead (18); however, the significance

of this finding to humiuns is unknown. Some groups of individuals
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who cxperienced fead intoxication at an early age and survived
have demonstrated a high incidence of chronic nephritis in later
life {19). Recent work has demonstrated a high incidence of
aminoaciduria and other biochemical changes of kidney disease in
children in Boston with excessive lead exposure (17). A recent
study found anemia in children with bluod levels from
37-60 pE/100 ml to be common (20). There 1s evidence that lead
in high doses in animals affeets the imimunological system (21,22,
23, 24): this, however, has not yet been demonstrated in man.
The average daily intake of lead via the diet was 0.3 myg in
1940 (25) and rarely exceeded 0.6 mg. Data obtiined subsecquent
to 1940 indicate that the intake of lead appears to have decreased
shehtly since that time {1, 26). Inhaled lead contributes about
400 to total body burden of lead (1, 27) w the averape population.
Cigarette smoking m some studies in the past has also been
asseciated with slichtly elevated blood lead levels (3).
Accumulation of lead with age in nen-occupationally exposed
individuals has been demonstrated (26, 28,29). The bulk of
this lcad distributes to bone, while soft tisssue levels vary only
slightly from normal even with high body burdens (30). Blood
levels vary unly slightly from normal even wrth high body
burdens (30). Blooud levels of lead n persons without unusual
exposure to lead range up (0 40 pug/100 ¢ and average about

26 12/100 g (1). The U.S. PNuiiic Heilth Service (31) considers
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40 pugr /100 ¢ lead or over in whole blood i older children and
adulis on two separate oceasions as evidence sugpestive of undue
absorption, either past or present. Levels of 50-79 pgr/100 g
require immediite evaluition as a potential poisoning case.
Eighty pg,’lOO £ or greater is considered o be unequivocal lead
poisoning. The 40 ug/100 ¢ lead level in blood probably has a
bielogical effect as the National Academy of Science Lead Panel
(11) concluded:
.. .the exponential mcrease in ALA excretion associited
with blood lead content above approximutely 40 p/100 g
of blood signifies mnbition of ALAD that is significant
physiologically in vivo."
In addition animal experiments show beginning renal injury at
about the same exposure level causing urinary ALA increase (32).
Blood lead 1s increased i urban vs. surburbin (28, 33, 34), near
to vs. distant from large motorways (35, 36) and in occupaitional
exposure to areas of hmgh traffic densaty (37, 38,39). Lead in soil
has epicemiologically been implicated i nereased blood lead in
children (40).
The World Health Orgamization Comunittee (41), assuming 10%
of lead from food and witer is absorbed, established ﬂﬂl_s a

"Provisional tolerable weekly mtake' of 3 mg of lead per person

(the maxamum lead expousure the average person can tolerate without

increased body burden). (Kchoe considers 600 pg per day the limat).
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Assunung 10% absorption from the gastrointestinal tract, approxi-
mately 40 ug of lead per day would be absorbed, by the WHO
standard. With the average diet containing 100-300 ug lead per
day, and the average urban air containing 1 to 3 ug/m? of air,

the average urban man would absorb 16 to 48 ug of lead per day.
(The contribution from 1 uy,/m? lead in air at 20 m respiratory
volume with 30% abserption is 6 ug). Just irom food and air
alone, some urban dwellers would have exacessive exposure by the
WHO standard. Urban children are further eaposed by dust with
levels of over 1000 ug /¢ (40, 42, 43) and because airborne lead
particles vary in densitly inversely from the distance from the
ground (41, 45). Rural children have significantly less exposure
than do arban children to these sources. Additionally, children
have increased risk, because they have food and air intakes
proporttonilly greater than their size and they nght absorb a
larger percentage from their put, possibly 50°¢ of ingested lead
(46). Lead might also have a greater effect on their developing:
ncurological, hematological, and immunological systems (18,
20-24,47,48). Likewise, fetuses of mothers unduly exposed may
be at risk (49, 51), and McIntire concluded that there is a definite
fetal risk masxunal v the first trimester from int{rauterine ex-

posure to mcreased lead in maternal blood (52).
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The lead concentrations in Minmished water raaged from 0 (o
0.64 mg/liter in the Conumunity Water Supply Study conducied n
1969 (53). Of the 969 water supplies surveyed, 1.4'0 exceeded
0.05 mg/hter of lead in drinking water. Five of the water supplies
i this sample had sufficient lead to equal or exceed the estimated
maximum safe level of lead intake (600 pg/day) without considering
the additional contribution to the total intake by other routes of
eaxposurc. Under certain conditions, (icidic soft water, in particular)
water can possess sufficient plumbosolveney to result i appreciable
concentrations of jcad in water standing in leaa pipes overmght (54).
As a result of the narrow range between the lead exposure of
the average American in everyday hife and exposure which is con-
sidered excessine (especially in children) 1t is imperative that
lead 1in water be mamntained within rather strict hinats.  Smce a
survey (55) of lead in surface water of the U.S.A . and Puerte Rico
found only 3 of 726 surtace waters to exceed 0.05 mg/l: the standard
of 0.05 g/l should be obtainable. For a child one to three years
old drinking une liter of water a day (probably the most a chld
would drink), the contribution would be G.05 mg/1 x 1.0 liter equals
0.050 mg. The diet1s estimated by scaling down the average
adult’s diet to he 150-200 ng (56). Assumung the fraction of lead
absorbed 1s the same for lead in food and water, watler would

contribute 25 tu 33% of the lead normally ingested. For an adult
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drinking 2 liters per day, the contribution would be v. 1 mg/0. 3 mg,
or 33% of fuod. At luwer concentrations, for example, 0.015 mg/l;
the average concentration in drinking water, the contribution of water
in an adult or child would be less than 10% of that of food.

It should be reemphasized that the major risk of lead in water is
to smal! children (50). The potentially significant sources of lead
exposure to children which have been documented include paint,
dust (10, 42, 43), canned milk (58, 59), tooth paste (60, 61), toys,
newsprint ink (62, 63), and air. Although paint is most strongly
implicated epidemiologically, there is growing evidence that olh.ers,
such as dust, arce important (40). There is a serious problem with
excess lead in children; it is v.ell documented. It can lead to lead
poisaning, Lead poisoning dues cause death and morbiditly in
children. A su:rvcy of 21 screening programs (64) testing 344, 657
children between 1969 and 1971 found 26. 1% or over 30, 000 child: on
with blood leads of over 40 pg/l (which is considered evidence of
excessive expusure.) Several recent studies suggest that the
frequency of intellectual and psychological impairment it increased
amonyg children averexposed to lead who were not thought {o have
had overt clinitcal lead poisoning (14, 15,16, 17). With the wide-
spread prevalence of undue exposure to le..d in children, its
scrious polential sequelae, and studies suggpesting increased lead

absorption in children (chronic brain or kidney damage, as well
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as acute bram damage); 1t would seem ‘wise at this time to continue
to limit the lead 1n witter to as low a level as practicable. Data
from the Community Water Supply Study and other sources indicate
that a lead concentration of 0.05 mg/1 or less can be attained in
most drinking water supphes. Experience mdicates that less than
four percent of the wiater samples analyzed exceed the 0.05 mg/1
limit and the large majority of these arc due to stability (corrosion)
problems not due to naturally occurring lead content in the raw

watlers.,
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MERCURY

Environmental exposure of the population to me:cury and its
compounds puses an unwarranied threat to man's health. Since
conditions indicate an increasing possibility that mercurials may
be present in drinking water, there is a need for » guideline that
will protect the health of the water consumer.

Mecercury is distributed throughout the environment. And as 2
result of industrial and agricultural applications, large increases
in concentrations above natural levels in water, soils, and air may
occur in localized areas around chlor-alkali manufacturing plants
and industrial processes involving the use of mercurial catalysts,
and from the use of slimicides primarily in the paper-pulp industry
and mercurial seed treatment.

Mercury is used in the metolhic form, as inorganic mercurous
(monovalent) and mercuric (divalent) salts, and in combination with
organic molecules (viz. alkyl, alkoxyalkyl, and aryl).

The presence of mercury in fresh and sea water was demonstrated
more than 50 years ago (1-4). In carly studies in Germany, Stock (5, 6)
found mercury in tap water, springs, ram water, and beer. In all
water, the concentration of mercury was consistently less than
one pg/l; however, beer occasionally contained up to 15 ug/1. A
recent survey (7) demonstrated that most U.S. sltreams and rivers

contain 0.1 pg of dissulved mercury or less per lter.
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Prescently the concentrition of mercury in air is ill-delined for
lack of analytical data. In une study (8) the concentration of mercury
contained 1 particuliates in the atmosphere of 2 U.S. cities wias
measured and ranged from 0.03 to 0.21 yg/m 3. One review (9)
cited values up to 41 ug/m? of particulate mercury in one U.S.
metropolitan area.

Outside of occupational exposure, food, particularly [:sh, 1
the greatest contributor to body burden of mercury. In 1967 a
limited study of mercury residues in fuods was conducted, involving
6 classes of foods. The results indicated levels of mercury in the
order of 2 to 50 pug/kg. The Atomic Energy Commission sampled
rarious foouds for mercury in its tri-city study and reported levels
between 10 and 70 pg of mercury per kg of meats, [ruits, and
vegetables. In 1970, 1t was discovered Lhiit sceveral types of fresh
and salt water fish contained mercury (mostly in the alkyl form)
in excess of the FDA guideline of 0.5 ppm (500 pg/kg). Mercury
in bottom sediments had been converted by micro-organisms to the
alkyl form, entered the food chains, and had accumulated 1 the |
higher members of the chams. Game birds were also discovered
to have high levels of mercury m their tissues, persumably from
the ingestion of mercury-treated seeds or of smaller animals that
had ingestled such seeds. The Food and Drug Admumst.:-ation has
established o guideline ¢f 0.5 ppm for the maximum allowable
concentration of mercury in fish for human consumption; but for

all other foodstuffs, no tolerances have been established.
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Mercury poisoniing may be acute or chronie. Generally mercurous
salts are less soluble than mercuric salts and are consequently less
toxic acutely. Acute intoxicatinn is usually the result of suicidal or
accidental exposure. For man the {atal oral dose of mercuric salts
ranges from 20 mg to 3 g. The acute syndrome consists of an 1nitial
phase referable to local effects (viz. pharyngitis, gastroenteritis,
vomiting, and bloody diarrhea) followed later by symptoms of systemic
poisoning (viz. anuria with urema, stomatitis, ulcerative-hemorrhagic
colitis, nephritis, hepatiis, and circulatory collapse) (10).

Acute mtoxication from the inhalation of mercury vapor or dusts
leads to the typical symptoms of mercury poisoning coincident with
lesions of the mucous membranes of the respiratory tract which may
ultimately develop into bronchitis and bronchopneumonta. Inhalation
of mercury in concentrations of 1,200 to 8,500 pg/m? results 1n acute
intoxication (19). In severce cases, signs of delayed neurotuxic effects,
such as muscular tiemors and psychic disturbances, are observed.
The Threshold Limit Vidue for all forms of mercury except alkyl
is 0.05 mg/m? in the U.S. (11).

Chronic mercury poisoning results from exposure to small
amounts of mercury over extended periods of timie. Chronie
poisoning from inorganic mercurials has been most often
associated with industrial exposure, ~hereas thiat from the organic
derivatives has been the result of accidents or environmental

contamination.



Workers continually expused to morganic mercury are particularly
susceptible (o chronic mercurialism. Usually the absorpltion of a
single large dose by such individuals is sufficient to precipitate the
chronic discase that 1s characterized mainly by central nervous
system toxicity (10, 12, 13). Dmtially, non-specific effeets, such
is headaches, piaddiness, and reduction in the power of perception,
are observed. Fine tremwors gradually develop prunarily in the
hands and arc intensified when a particular movement 1s begun,

In prolonged and severe mtoxicauon, fine tremor is interspersed

with coarse, almost choreatic, movements., Excessive salivation,
often accompanied by a metallie taste and stomatitis, is common. As
the 1llness progresses, nervous restlessness (erethismus mercurialis)
appears and 1s characterized by psychic and emotwunal dustress and

i some cases hysteria. Although the kidney 1s less frequently
affected in this type of puisoning, chronic nephrosis is cecasionally
observed.

Several of the compounds used in agriculture and mdustry (such
as alkoayalkyls and aryls) can be grouped, on the basis of their
effects on man, with morganic mercury to which the former com-

pounds are usually metabohzed.
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Alkyl compounds are the derivatives of mercury most toxic te man,
producing illness from the ingestion of only a few milligrams (21, 24).
Chronic alky! mercury poisuning, also known as Minamata Discase,
is an insidious form of mercurialism whose onset may appear after
only a few weeks of exposure or may not appear until after a few
years of expusure. Poisoning by those agents is characterized
mainly bv major neurological symptoms and leads to permanent
damage or death. The clinical features in children and adulis
mclude numbness and tingling of the extremities, incoordimnation,
loss of vision and hearmg, and intellectual deterioration, Autopsy
of the clinical cases reveals severe brain damage throughout the
coriex and cerebellum. There 1s evidence to suggeest that compensa-
tory mechanisms of the nervous system can delay recognition of the
discase ceven when partial brawn damage exists.

Several episodes of alkyl mercury poisoning have been recorded.
As carly as 18695, two chemists became iil and died as a result of
inhaling vapors of ethyl mercury (14). One of the largest outbreaks
occurred in a village near Minamata Bay, Japan, from 1953 through
1960. At least 121 chaldren and adults were affected (of whom
46 dicd) by eating fish containing high concentrations of methyl
mercury (15). Of the pupulation affected, 23 infants and children
developed & cercbral palsy-like disease which was referred to as

Congenital (or Feial) Minamuata Disease. Siniilarly, in 1964
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and 1965, the'disease was reported among 47 persons, 6 of whom died,
1 Nuigata, Japan. Hunter et al (16) reported 4 cases of mndustrial
intoxication from handhng of these agents. In Guatemala, Iraqg,
Pakistan, and the United States, the human consumption of grain
treated with alkyl mercurials for seced purposes has led to tae
poisoning of more than 450 persons, some of whom died (17-20).

The coagenital (fetal) discase observed i Minamata and Niigata
emphasijze the devastating and mnsidious nature of these agents. Of
particular sigmficance are the facts that (1) the affected children
had not caten contanmnated fish and shellfish, and (2) the mothers
apparently were not affected althcugh they had consumed some con-
taminated food. Exposure of the fetus to mercury via the placenta
and/or the mother's milk 1s believed to be the etiologic basis for
this disease, thus indicating the greater susceptibility of infants
to alkyl mercury.

Absorption 1s a {aclor important 1in determining the toxicity
of alkyl mercurials. Berglund and Berlin (21) estimated that methyl
mercury 1s absorbed at more than a 90% rate via gastro-intestinal
tract as compared with 2« mercur:ic 1on (22). In 2acdition, methyl
mercury crosses the plucenta nto the fetus and achieves a 50%
higher cunceatration in fetal erythrocytes than in maternal red blood
cells (23). However, the fetal plasma concentration of mercury 1s

lower than that of the mother. The rate of uptake of methyl mercury



mto the fetal :rmin is as yet unknown. Alkyl mercury can cross
the bluod-brimn barrier more easily than other mercurials, so that
brain Ievels of mercury are much higher wfter a dose of alkyl
mercury than after a corresponding dose of any other mercurial,

Excretion is of equal importance in determinmys the health
hazard., Unlike morganic mercury, alkyl mercury is excreted
mainly 1 the feces. After exposure to methyl mercury, approxi-
mately 4% of the dose 1s excreted within the first few days, and
about 1 per day thercafter (24). The biological half-life of methyl
mercury in man is approximately 70 days.

Safe levels of ingested mercury can be estimated from data
presented in "Methyl Mercury in Fish' (24). From epidennological
evidence, the lowest whole-blood concentration of methyl mercury
assocuited with toxie symptoms is 0.2 ug/g.  This blood concentration
can be compared to 60 pg He/g haar. These values, in turn, corres-
pond w prolonged, continuous exposure at approximately 0.3 mg Hg/70
kg/day. By using it safety factor of 10, the maximum dictary intake
should be 0.03 my Hg/pcrsun‘/day (30 pg/0 kp/day). Although the
safety factor 1s computed for adults, hmitng ingestien by children
1o 30 ug Hg/day is behieved to afford some, albeit smaller, degree of
sifety. If exposure to mercury were from fish alone, the himat would

allow for a maximum daily consamption of 60 griums (420 g/week) of fish
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containing 0.5 mg Hg/kg. In a given situation, if the total daily
intake from all sources, air, water, and food, is approaching 30
ug/person/day, the concentration of mercury and/or the consumption
of certain fuods will have to be reduced if a safety factor of 10 is

to be maintained. Fortunately, siace only a small fraction of the
mercury in drinking waler is in the alkyl form, the risk to health
from waterborne mercury is not nearly so great as is the risk

from mercury in fish. Also fortunately, mercury in drinking water
seldom exceeds 0.002 mg/l. Drinking water containing mercury at
the approval limit of 0,002 mg/1 will contribute a total of 4 ug Hg

to the daily intake, and will contribute less than 4 ng methyl mercury
to the total intake. (Assuming that less than 0. 1% of the mercury

in water is in the methyl mercury form.) Since the Regulations
approval limit is seldom exceeded in drinking water, the margin

of safety gained from the restricted intake of mercury in drinking
water can be applied to the total intake with minimal economic

impact.
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NITRATE

Serious and oceasionally fatal poisonings in infants have occurred
foltowing ingestion of well waters shown to contain nitrate (NO, )
at concentrations greater than 10 mg/l nitrate nitrogen. This has
occurred with sufficient frequency and widespread geographic distribution
to compel recognition of the hazard by assignmg a limit to the concentra-
tion of mitrate 1n drmking water at 10 mg/1 as nitrogen. This is about
45 mg/1 of the nitrate ion.

Nitrate in drinkmng wuter was first associated in 1945 with a
temporary blood disorder in wfants called methemoglobinemia (1).
Smnce then, approximately 2000 cases of this disease have been reported
from North America and Europe, and about 7 to 8 percent of the infants
died (2,3,4). Ewvidence win support of the limit for mtrate is given in
detail by Walton (2) 1n & survey of the reported cases of nitrate
poisoning of infants before 1951. The survey shows that no cases of
poisonmng were reported when the water contained less than 10 mg/1
nitrate nitrogen. More recent surveys (3, 4) mvolving 467 and 249 cases
tend to confirm these findings. Frequently, however, water was
sampled and analyzed retrospectively and therefore the concentration
of mtrate which caused 1llness was not really known. Many mfants have
drunk water when the mitrate nitrogen was greater than 10 mg/1 without
developing the discase. Many public water supphies m the United States
have levels of nitrate that routinely exceed the standard, but only one

case associated with a public water supply has been reported (5).
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A basie knowledpe of the development of the discase is essential to
understanding the rationale behind protective measures. The develop-
ment of methemoglobinemia, largely confined to infants less than three
months old, is dependent upon the bacterial conversion of the relatively
mnocuous nitrate ion to mtrite. Nitrite then converts hemoglobin, the
bloud pigment that carries oxygen from the lungs to the tissues, to methe-
moglobin. Because the allered pigment can no longer transport oxygen,
the physiologic effect of methemoglobinemia 1s that of uxygen deprivation,
or suffocation.

The ingzestion of nitrite directly would have a more immediate and
direct effect on the infant because the bacterial conversion step in the
stomach would e eliminated. Fortunately, nitrite rarely occurs in
water in signifieant amounts, but witters with nitrite nitrogen concen-
trations over 1 mg/1 should not be used for infant feeding. Waters with
a significant nitrite concentration would usually be beavily polluted and
woula be unsatisfactory on a bacteriological basis as well.

There arc several physiological and biochencal features of early
infancy that explian the susceptibility of the infant less then throe
months of age to this disorder. First, the infant's {otal {luid intake
per bourdy weight 1s approsmmately three times that of an adult (6).

In addition, the infant’s mcompletely developed capability to seerete
gastric acid allows the gastric pH to beecome high enough (pH of 5-7)

to permit mtrate-reducing bacteria to reside high m the gastromtestinal
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tract. In this lecation, the bacteria are able to reduce the nitrate hefore
it is absorbed into the circuletion (7). To further predispose the mfant,
the predominant form of hemnoglobin at birth, hemoglobin F (fetal hemo-
globir), 1s mcre suscepuble to methemoglobin formation than the adult
form of hemoglob.n (hemoglobmn A) (8). Finally, there is decreased
aclivity i the enzyme predomunantly responsible for the normal methe-
moglobin reduction (NADH-dependent methemoglobin reductase) (9).

Winton reports ona study (10) where methemoglobin levels in blocd
were measured on mfants to determine subelimeal effects. He
mdicates that at intakes over 1C myg of nitrate 1w per kilogram of body
werght (2.2 mg/kg measured as nitrate nitrogen) the methemoglobin
concentration is slightly elevated over normal. The methemoglolnn
levels returned to normal when the babies were changed to bottled water
free of nitrate nitrogen. When a baby is fed a dehydrated formula that
1s made with water that the mother boils, (increasing the concentration),
the intake of 2.2 mg NO J-N/kilogr:lm can be rcached if the water contaans
10 mg/l nitrate nitrogen. To determe if a shght elevation of an mfant’'s
methemoglobn concentration has an adverse heilth effect will 1 2quire a
large and eiaborte study.

In some circumstances, which are not understood, the stundard does
nol have a safely factor. Cases of illness might occur, but for the usual

situation the limit of 10 myg/1 HO 4 -N will protect the majority of infants.
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Older children angd adults do 1ot seem to be affected, but the Russian
literature reports (11) elevated methemoglobin in school children
where water concentrations of NO 3~N were high, 182 mg/1.
Treatment methods to reduce the nitrate content of drinking water
are being developed and should be applied when they are ready if
another source of water cannot be used. If a water supply cannot
maintain the NO ;-N concentration below the limit, diligent efforts
must be made to rssure that the water is not used for infant feeding.
Consumption of water with a high concentration of NO 3-N for as short

a period as a'day may result in the occurrence of methemoglobinemia.
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ORGANICS-CARBON ADSORBABLE

The pussibility of the presence of taste and odor producing substances
and toxic organic chemicals in drinking water are of concern to all
connected with the provision of safe, esthetically pleasing water to the
American consumer. If the quality of drinking water is to be protected,
monioring of vrganics should be part of any quality control program.
Difficulties arise, however, since monitoring for many specific organics
is beyond the capabilities of most water supplies at this time (1973).
This problem can be overcome somewhat, however, by monitoring for
the general organic content of w .ler and assummg, as is done with the
total coliform test as the indicator test for pathogens, (hat if this
indicator parameter is below a certain limit, the likelihood of odorous
or toxic organics causing problems is reduced.

Historically, the general organic content of drmking witer has been
determ:med by measurinye the Carbon Chloroform Extract (CCE) and Carbon
Alcohol Extract (CAF)(1) concentrations. These extiacts have an opera-
tional defimition and are a mixture of orpanic compounds that can be
absorbed into activited carbon under prescribed conditions and then
desorbed with organic solvents under prescribed conditions.

The 1962 Public Health Service Drinking Water Standards contaaned
a limit of 0.2 g/l for CCE col.lcctcd with the Carbon Adsorption
Method (CAM) sampler (2) operited at a flow-rat: of 0.25 gallons
(945 mil) per minute, called the high-flow CAM = .npler (Note,

becituse the recovery of organics from water is influenced by the
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collection and extraction method, lower-case letlers are used to distin-
guish the analytical procedures. Caibon-Chlorolorm Extracts collected
with the mgh-flow CAM sampler are hereafter called CCE-hf).

Middleton and Rosen (3) detected substituted benzene compounds,
kerosene, polyeyclic hydrocarbons, phenylether, acrylonitrile and
insecticides in various CCE-hf's. This list has been expanded by many
investigators in the subsequent years, for example, by Klecopfer and
Fairless (4). In 1963, Heuper and Payne (5) reported the carcinogenic
properties of finished water CCE-hf's.

In 1965, Bocth, English and McDermott (6) developed a CAM sampler
similar to the High~-Flow CAM Sampler, but with a longer contact time
bhetween the sample and the activated carbon. This sampler, called the
low-flow CAM sampler, mcreased organic adsorption and, therefore,
overall yield of the determination. In addiftion, measurement of CAE
wias included in this method. Extracts from this procedure are called
CCE-1If and CAE-Uf. No drinking water standard was promulgaled for
these parameters. Rosen, Mashni, and Safferman (7) isulated odorous
orcanics from a CCE-If.

Since that time, a CAM sampler, called the "Mmi-Sampler, ' with
the advantages of the low-flow CAM sua1.pler, but more reliable, less
expensive, smaller, and more convenient, has been developed (8).

In addition, the Mim-sampler uses a type of coal-based granular

activated carbon that enhances organic collection, thereby inereasing
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the yield of the method. The extraction apparatus has also been mina-
turized to be more convenient and less expensive and the procedure has
been modified to be more vigorous, thereby increasing desorption and
further increasing organic recovery (10). The extract from this
procedure is called CCE-m,

Tardilf and Deinzer (9) tested the toxiciy of a CCE-m collected
from the fimshed water of 4 river supply. The resulting LD50 of
32 mg/kg would classify this extract as extremely toxic on a typieal
toxicological scale.

Symons, Love, Buelow and Robecek (10) reported the identification
of &-Caprolactam and 2-Hydroxyadiponitrile by gas chromatography
and mass spectromelry in a CCE-m collected trom a fimshed water
from a dilferent river supply. This mdicates the presence of synthetic
organics m this extract.

Extraction with the less polar solvent chloroform does not desorb ail
of the organices adsorbed onto the aclwvated carbon. Extraction with other
solvents has been propused as a method of monitoring these materials.
The use of the polar solvent 95% ethy) alcohol does eatract different
organics, but 1t also recovers inorpanice salts that were adsorbed on
the activated carbon. At thhs time no reliable technique has been

developed tor measuring these other orpganics.
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n an effort o determine the range of CCE-m concentrations in
finished water, as vas done by Etlinger (11), for raw water and Tavlor
(12), the Interstate Carrier Surveillance Program (12) and the 1964
Comnmunity Water Supply Survey (14) for finished water, using the
high-flow CAM technique, studies were made with the Mini-sampler at
128 locations. These were all surface watler sources, and had varying
histories of raw water contamination by organics and taste and odor
problems. These sources were in 31 states, the District of Columbia,
and Pucrto Rico. Single samples were collected atl 122 locations and
from 2 to 34 samples at the other six locations. These latter data
were averaged.

The data were pooled and grouped by extract concentration and the
percentage in each concentration category calculated. From these
data the percentage of iocations with CCE-m concentrations greater
than a given concentration was calculaied. These are shown in Table 1.

The proposed use of 2 CCE maximum contaminant level was an
attempt to deal with gross organic pollution as soon as possible pending
the results of further resecarch, and surveys that are planned by EPA
ana of the NAS study that is required in the Safe Drinking Water Act.
CCE was initially used as a means of taste and odor control. As con-
cern over adverse health effects of organic chemicals grew, CCE was
furnecd to as a rough surrogaie for organics to be used as a health-

based standard rather than as an esthetic standard. Unfortunately,
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TABLE 11

% of Locations*

CCE-m with Concentration
Concentration Greater Than
g/l Given Concentration
0.0 100.0

0.1 97.7

0.2 86.8

0.3 63.4

0.4 39.2

0.5 24.4

0.6 14.2

0.7 7.9

0.8 5.6

0.9 4.0

1.0 3.2

1.1 2.4

1.4 1.0

1.5 0.8

2.3 0.0

‘Bascd on 128 locations.
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as more 1s learned about urganic chenncal pollution of drinking
witer, CCE louks less and less effective as a surrogate for harmful
organics.,

The principal difficulty with CCE is that it includes only about
one-fifth of the total vrganic conteni uf the volume of water sampled,
and it does not measure organic compounds of gre~:test concern, such
as the volaule halomethanes. Thus, a high CCE test result does not
necessarily mean that the water tested may pose a hazard to health,
and a low CCE test result may be obtained from water with a high
level of potentiilly harmful organic compounds. In short, there is
no sound basis of correlialion between CCE test results and the level
of harmful organic chemacals 1in the water tested.

To eslablish a maxnaum contammant level under these circum-
stances would almost certaunly do more harm than goud. It could
give a false sense of security to persons served by systems which
are within the established level and a false sense of aliirm to persons
served by systems which exceed the level. It also would davert
resources and attention from etforts to find more cffective ways
of dealing with the organic chemical problem.

Total organic carbun (TOC) and chemical oxygen demand (COD)
arce surrogates that have been considered, but they have limitations
also. TOC has the advantage of being quicker and cheaper (on a per
sample basis) than CCE, bul the availability of sensitive instruments

for this measurcment is questionable. More investigation of the
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significance of any TOC number as a hailth effeets lunit 1s also
needed. COD is L‘.l.sll:}' determined with readily availuble laboratory
equipment, but COD is not limited to organic compounds, and besides
a COD number also cannot be adequately related to health significance
at this time.

EPA is diverting substantial resources to resedarch mto the
health effects of specific organice chemicals and groups of organic
chemicals. Also, it is expected that the study of the National Academy
of Sciences will produce further data on health effects. However,
in view of the significance of the potential health problem, it is not
cnough to wait for this additional health effects data. EPA therefore
will undertake to wdenitfy une or more surrogate tests for organie
chemiculs or erganic chemiical groups, and will also study m depth
the prescice of speciiie organie chemicals in druking water supplies.
It is anticipated that this effort will result in the development of an
additional MCL or MCL's for organic chemicals by amendment of
the Interim Primary Drinking Water Repulations without having to
wait for a more complete resolution of the vrganie chemicals question

10 the Revised Regulations.
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PESTICII 1.8

A. Chlorinated Hydrocarbon Insecticides

The chlorinated hydrocarbons are one of the most important groups
of synthetic organic insecticides because of their wide use, great
stability in the environment, and tuxicity to mammals and insects.
When absorbed into the body, some of the chlorinited hydrocarbons are
not metabotized rapidly but are stored in the fat.

As a general group of insccticides, the chlormated hydrocarbons
can be absorbed into the body through the lungs, the gastro-intestinal
tract, or the skin. The symptoms of poisomng, regardless of the
compound involved or the route of entry, arc similai but may vary
in severity. Mild cases of poisoning are chariacterized by headache,
dizziness, pgastro-intestinal disturbances, numbness and weakness of
the extremities, apprchension, and hyverirritability. In severe cases,
there arc muscular fasciculations spreading from the head to the extre-
mities, {ollowed eventually by spasms involving whole muscle groups,
leading finally to convulsions and death {rom cardiac or respiratory
arrest. The severity of symptoms 1s related to the concentration
of the insceticides in the nervous system, primarily the bram (1).

Criteria Based on Chronic Toxicity

Except as noted Lelow, the approval limits (AL's) for chlorinated
hydrocarbons in drinking waler have been calculated pramarily on the

basis of the extrapolated human intake that would be equivalent to taat
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causing minimal toxic effects in mammals (rats and dogs). Tabla I
lists the levels of several chlorinated hydrocarbons fed chronically
to dogs and rats (2. 3,4) that produced minimal toxicity or no cffects.

For comparison, the dietary levels are cunverted to mg/kg body
weight/day. Endrin and lindane had lower minimal effect/no-effect
levels in dogs than in rats; whereas, for {oxophene and methoxychlor
the converse was observed,

Human studies have also been conducted for methoxychlor, although
they were of short duration (8 weeks). The highest level tested for
methoxychlor was 2 mg/kg/day (5). Ne illness was reported in these
subjects.

Such data from human and animal investigations may be used to derive
exposure standards, as for drinking water, by adjusting for factors that
influence toxicity such as inter- and intra- species variakilitly, length
of exposure, and extensiveness of the studies, To determine a "'safe'
exposure level for man, conventionally a factor of 1/10 is applied to the
dita derived from human exposure studies conducted longer than 2 months
at which no effects have been observed; whereas, a factor of 1/100 is
applied to data derived from human exposure studies conductcd for 2 months
or less as is the case for the human methoxychlor data cited. A 1/100
factlor is appliced to animal data when adequate human data are available for
corroboration and a factor of 1/500 is generally used on animal data when

no adequae and comparable human data are available. The minimal effect



ievels of endrin, lindine, and toxuphene are adjusted by 1/500 since

no adequate data are available for comparison. These derived values
are considered the maximum saf~ exrosure levels fron: all sources.
Since these values are expressed as mg/kg/day, they are then readjusted
for body weight to determine the total quantity to which persons may

be safely vxposed.

Analysis of the maximum safe levels (mg/man/day) reveals that
these levels are not exactly the same when one species is compared with
another. The chouice of a level on which to base an AL for water requires
ihe selection of the lowest value from animal experimentation, provided
that the human data are within the same order of magnitude. Thus the
human data should substantiate the fact that man is no more sensitive
to a particular agent than is the rat or the dog.

To set a standard for a particular medium necessiuiles that account
be taken for exposure from other media. In case of the chlorinated
hydrocarbons, exposure is expected to occur mostly through the dict.
Occasionally, acrial sprays of these agents will recult in their inhalation.
Dictary intake of pesticide chemicals has been determined by the
investigations of the Food and Drug Administration from ""market basket'
samples of food and water. Duggan and Corncliussen (6) report un this
activity from 1964-1970. The average dietary intakes (mg/man/day)
are listed in Taisle I. Comparing the intake from the diet with what
are considered acceplable safe levels of these pesticides, it is

apparcent that only traces of methoxychlor and toxaphene are present
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in the diet. Less than 10% of the maximum safe level of endrin or
lincdane are ingested with the dict.

The AL's for chlorinated hydrocarbon insecticides reflect only a
portion of man's total exposure to the compounds. In general, 20%
of the total acceptable intake is taken to be a reasonable apportionment
to water. However, the AL for toxaphene was lowered because of
organolentic effects (7, 8) at concentrations above 0.005 mg/1.

The approval limits for the chlorinated hydrocarbon insecticides
are listed in Table [, These limits are meant to serve only in the
event that these chemicals are inadvertently present in the water.
Deliberatle addition of these compounds is neither implied nor

sanclioned.
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Criferia Based on Potential Carcinegenicily

To establish AL's for DDT, aldrin, and dieldrin, a different
mecthod for deriving AL's must be used, since there is evidence
that DDT, aldrin, and dieldrin represent a potential carcinogenic
hazard to humans, based on experiments with rats and micc
(9, 10, 11, 12). Aldrin is readily converted to dieldrin by animals,
soil microorganisms, and insccts, and thus the potentiitl carcin-
ogenicity of aldrin will be considered to be equivalent to that of
dieldrin (13).

It is recopgnized that scientists have yet to determine if there
is any level of exposure to chemical carcinogens that is completlely
free of risk of cancer. For the purpose of settiag these standards
we will assume that the risk of inducing cancer decreases with
decreasing dose. Thus, the limits for these pussible carcinogens
will be derived by estimating the health risk associated with
various concentrations and comparing these concentrations with
ambient levels to assess the attainability of the proposcd limits

with presently known means of technology.
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Monitoring data availible from the Community Water Supply
Studies Program (CWSS) carried out during 1969 to 1971 are too
questionable to be used as a basis for any conclusions. Original
records of the anialyses were lost during Hurricane Camille.

The only otier record which might indicate the ambient level of
chlormated pesticides i drinking water supplies is a survey by
the Federal Water Pollution Control Administration published
in 1969 as 'Pesticides in Surface Walers of the United States --
A Five Year Summary (1964-1968)'. Obviously one cannot make
the assumption that all of the surface waters analyzed wn this
survey were utilized as drinking water supplies, and no definite
conclusions can be reached on ambient levels in drinking water
based on these data.

Since so little inforn.ation is available concerning the concen-
trations of aldrin, dieldrin and DDT currently m the nation's
drinkmng wiaters, EPA has decided to delay the proposal of limits
for these compounds pending the completion of a survey of
selected witter supplies to estimate the extent of current pesticide
levels in U. S, drimmking waler supplies. This survey should be

completed within six months.
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Upon the completion of this surves, limits for aldrin, dieldrin
and DDT will be proposed, based upon an analysis of the health
risks associated with low levels of intake of these pesticides and
available information concerning attainability. Risk estimates
at very low levels of exposure are subject to great uncertainties,
but the best available methods for making such estimates will be used.
Extrapolation technques such as the "one-hit" model and the
Mantel-Bryan use of the probit model (14) are being intensively
reviewed by scveral agencies of the federal government, Every
effort will be made to set the limits {for these pesticides at
concentrauons which will adequately protect public health without
imposing econonmnce hardship. The Agency believes that limats
tar more stringent than those considered in the past should be
promulgated.

Aldrin-Dieldrin

Experimants carried out on mice (strian CFl) fed dieldrin in
their daily diet, at levels varying from 0.1 to 20 ppm during their
normal life span, resulted mn significant increasces in the mcidence
of hiver tumors (11). The results of this study appear to be, at
present, the most appropriate for calculating the risk associated

with a range of concentrations of dieldrin in drinkang witter.
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DDT:

Although earlier studies of the carcinogenie effect of DDT have
yiclded generally negative results, three recent studies in experi-
mental animals conflict with these previous findings. Using tumor-
susceptible hybrid strains of mice, Innes et al (15) produced
significantly increased mcidences of tumors with the admumstration
of large doses of DDT (46.4 mg/kg/day). In a scparate study in
mice extending over five geperations, a dietary level of 3 ppm of
DDT produced a greater incidence of leukemia and malignancics
beginning with the F2 and F3 geneiations (16).

More recent winformation (12) on the effect of DDT on long-term
expousure in mice indicated a higher meidence of liver temors in the
treated population. CF-1 munimal mbred mice were given techmeal
DDT nuxed into the dict at the dose levels at 2, 10, 50 and 250 parts
per miillion (ppm) for the entire hfe span for two consecutive
penerations.  Xxposurce to all four levels of DDT resulted in a
sipnificant increase of iver tumors in males, this being most
cevident at the lghest level used. In females, the incudence of
Inver tumors was shightly increasad following eaposure to
250 ppmi. In DDT-treated animals the liver tumors were observed
at an carlier age than  untreated controls. The age at death with
liver tumors and the incidence of liver tumors appear to be directly
related to the dose of DDT to which the mice were exposed. Four

e
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hiver tumors, all vecurring in DDT-0 cated mice, pave metastasces.
Histologicaily, hver tumors were cither well-differentiated nodular
prowths, pressing but not infiltrating the surrounding parenchyma,
or nodulir growths in which the architecture of the liver was
obliterated showing glandular or trabecular patterns. The results
of this study appear to be, at present, the most appropriite to use
as a basis for extrapolating the risk associated wath a range of
concentrations of DLT in drinking water.

Chlordane and Heptachlor

Because recent evadence also immplicates chlordane and heptachlor
as potential carcimopens, establishment of limits for these pesucides
must be based un conarderations similar to those for aldrin, dieldrin

and DiJT.
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B. Chlorophenoxy lerbicides

Aquatic weeds have become substantial problems 1 the U.S. in
recent years, and chemacal control of this vegetation has won wide
acceptance. Since waters to which apphications of herbicides are made
are sometimes employed as raw witler sources of drinking water, there
1s the possibility that herbicides may enter potable source water. Con-
sequently, a standard 1s needed for the more extensively used herbicides
s0 as to protect the health of the water consumer.

Two widely used herbicides are 2,4-D (2, 4-dichlorophenoxyacetic
acid) and 2,4, 5-TP (s1lvex) [2-(2, 4, 5-trichlorophenoxy) propionic acid].
[A closely related compound, 2,4,5-T (2,4, 5-trichlorophenoxyacetic
acid) had been extensively used at one time, but has been banned for
major aquitic uses.| Each of these compounds is formuliated in a variety
of salts and esters thuat may have a marked difference in herbicidal
properties, but all of which are hydrolyzed rapidly to the corresponding
acid i the body.

The acute toxicity following oral admmistration to a number of
experunental animals 15 moderate. Studies (1-4) of the acute oral
toxicity of the chlormated phenoxyalkyl . cids indicate that there is
approximately a three-fold variation between the species of anumals
studied. It appears that acute oral toxicily of the three compounds
1s of about the saume mazmitude within each species (c.g., in the rat,

an oral LD of about 500 mg/kg for cach agent).
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The subacute oral toxicity of chlorophenoxy herbicides has been in-
vestigated in a number of species of experimental animals (1-6). The
dog was the most sensitive species studied and often displayed mild
injury in response to doses of 10 mg/kg/day for 90 days, and serious
effects from a dose of 20 mg/kg/day for 90 days. Lehman (6) reported
that the no-effect level of 2,4-D is 50* mg/kg/day in the rat, and
8.0 mg/kg/day in the dog.

Although 2, 4, 5-T has been banned for all aquatic uses there is con-
siderable interest as to wi.¥ this action was taken, so for informational
purposes, a discussion of the toxicity of this herbicide is included. In
a study of various pestlicides and related compounds for teratogenic
effects, Cortney, et al. (7) noted terata and embryotoxicity from
2,4,5-T. These cffects were evidenced by statistically increased
proportions of litters affected and of abnormal fetuses within the liders
(notably, cleft palate and cystic kidneys). Effeets were noted in both
mice and rats, althouph the ratl appeared to be more sensitive to this
offect. A dosage of 21.5 mg/kg produced no harmful effects in mice,
while a level of 4.6 mg/kg caused minimal, but statistically significant,
effects in the rat. More recent work (8) has dicated that a contaminaat
(2, 3,17, 8-tetrachlorodibenzo-p-dioxin) which was present at approximately
30 ppm in the 2, 4, 5-T formulation originally tested was highly {oaic (o
eapermmental animals and produced fetal and maternal toxicity at levels
as low as 0.000% myr/kg. However, purified 2,4, 5-T has also produced
*In the March 14, 1975, issue of this document, this figure was erroncously

wrilten as 0. 5.
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teratogenice effcets i both hamsters and rats at relatively high dosage
rates (9). Current production sampics of 2,4, 5-T that contain less than
1 ppm of dioxin did not produce embryotoxicity or terata in rats at
levels as high as 24 mg/kg/day (10).

The subacute and chronic toxicity of 2,4, 5-TP has been studied in
experimental animals (11). The resulls of 90-day feeding studies
indicate that the no-effect levels of the sodium and potassium salts of
2,4,5-TP are 2 mg/kg/day in rats, and 13 mg/kg/day in dogs. In
2-year feeding studies with these same salts, the no-effect levels were
2.6 mg/ke/day in rats and 0.9 mg/kg/day in dogs.

Some data are available on the toxicity of 2,4-D to man. A daily
dosiage of 500 mg (abuut 7 mg/kg) produced no apparent ill effects in
a volunteer over a 21-day period (12). When 2,4-D was investigated
as a possible treatment for disseminated coccidioidomycosis, the
patient had nu side effects from 18 intravenous doses during 33 diys:
cach of the last 12 doses in the series was 800 mg (about 15 mg/kg)
or more, the last bewng 2000 mg (about 37 mg/kg) (13). A nineteenth
and final dose of 3600 mg (67 myg/kg) produced mild symptems.

The acute oral dose of 2,4-D required to produce symptoms i man
is probably 3000 to 4000 myg (or about 45 to 60 mg/Kg). A comparison
of other toxicity values for 2,4, 5-TP indicates that the toxicity of these
two agents is of the same order of magnitude. Thus, 1 the absence of
any spcceific toxicologie data for 2,4, 5-TP in man, it might be estimated

that the acute oral dose of 2,4,5-T D required to produce symptoms in

man would also be about 3000 to 4000 mg.
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In addition to these specific data. the favorable record of use exper-
ience of 2,4-D 1s ulso pertinent. Sixty-three million pounds of 2,4-D
were produced in 1965 while there were no confirmed cases of uccupational
poisoning and few instances of any illness due to ingestions (14, 15).
One casc of 2,4-D poisoning in man has been reported by Berwick (16).

Table I displays the derivation of the approval limits for the two
chlorophenoxy herbicides most widely used. The long-term no-cffect
levels (mg/kg/day) are listed for the rat and the dog. These values are
adjusted by 1/500 for 2,4-D and 2.4.5-TP. The safe levels are then
readjusted to reflect total allowable intake per person. Since little
2,4-Dor 2,4,5-TP are expected to occur in foods, 20% of the sufe
exposure level con be reasonably allocated to water without jeopardizing
the health of the consumer.

The approval limits for these herbicides are meant to serve m the
event that these chemicals inadveriently ocenr in the water. Deliberatle
addition of these compounds to drinking water sources is neither

implied nor sanctioned.



TAELE I. DERIVATION OF APPROVAL LIMITS (AL) FOR CHLOROPHERGXY HERBICIDES

Lowest Long-Tern
Levels with Calculated Maximum Safe Levels
Minizal or No Effects | From a1l Sources of Exposure Hater
Safety £ . of AL
Coripound Species | mg/ig/dav? Factor (X) |mg/kg/day| mg/men/day |Safe Level | (mg/1)¢
2,4-2 Rat 50 (6) 1/500 eI 7.0
p 2C 0.1
Ccg 8.0 (6) 1/500 0.016 1.12
2,%,5-TP ‘Rat 2.6 (1) 1/500 0.805 0.35
d 20 0.01
Dog 0.9 (12) 1/500 0.002 0.14

Assure weight of rat = 0.3 kg and of dog = 10 kg; essure average daily food consurption
of rat, = 0.C3 kg and of doa = 0.2 kg.

b Assure average weight of hunian adult = 70 kg.
C Assume average daily intake of water for man = 2 liters.

Choser as beésis on which to derive AL.
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SELENIUM

The 1962 Drinking Water Standa: ds Conmmittee lowered the limit for
selenium in drinking water primarily out of concern over the possible
carcinogenic properties of the element. Data supporting the
carcinofenicaty of selenium has not been forthcoming, and more recent
findings concerning the nutritional requirement for selenium has required
a comprehensive review of the data available concerning the toxicity of
sclenium and its compounds.,

The controversy over the present limits of selemum acceptable in the
cnvironment 1s largely the result of the demonstration by Schwarz and
Foltz (2) that the clement was an integral part of "factor 3," recogaized
for some time as essential in animal nutrition. While definiic evidence
15 still lacKking for a nutritional requirement for selenium in man, certain
cases of protemn-resistant kwashiorkor have been shown to be responsive
to admimstration of the element (3).

Consideration of a maximal concentration of selenium allowable in
drinking water is further comphceated by the many secondary factors known
to affect both the efficacy of selemwum in alleviating deficiency syndromes
and the intakes associated with toxicity. The chemical furm of selenium
(4), the protemn content of the diet (5), the source of dietary proten (6),
the presence of other trace elements (1, 7, 8), and the vitamin E intake
(9, 10, 11) all affect the beneficial and/or adverse effects of selenium in
experimental animials. The fact that these interictions are not simple

is 1llustrated by the comments of Frost (1) on the well-known antagonism

S
LY
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of arsenic i selenium toxicity (1, 7, 8, 12)., He has found that arscenic
in drinking water accentuates the toxicity of seleniuia in drinking water
in contrast to the protective effect of arsenic seen when selenium was
administered via the diet. Conscquently, when considering 'safe level:s
of sclenium in drinking water, consideration must also be given to the
variability in these other factors which are certiun to occur in any given
population.

The current limit of 0.01 mg/liter of selenium in drinking water is
bascd on the total selenium content. No systematic investigation of the
forms of selenium in drinking water sources with excessive concentrations
has ever been carried out. Since elemental selenium must be oxidized
to selenite or selenate before it has appreciable solubility in water (13),
one would preaict that these would be the principal mnorganic forms that
occur in witter. Organic forms of selenium occur m celeniferous soils
and have sufficient mobility 1n an aqueous environment to be preferen-
tially absorbed over selenate 1in certain plants (14). However, the extent
to which these compounds might occur in svurce waters 1s essentially
unknovwn.

There is considerable difficulty involved in determunng what the
required level and tosie levels of selenium intake mn humans might be.
The basic problem is that dietary sclenium includes an unknown variety
of seleniumy compounds in virying mixtures. Toxicologie eaxamination
¢f nlant sources of selenium has revealed that sclenium present in

scelenderous gramns is more tosic than inorganic selcnwm added to the
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diet (16). Although there is a {airly extensive literature on industrial
exposures to selenium (see Cerwenka and Cooper, 1961 (17), and Couper,
1967 (18) for reviews of this subject), the results do not apply well to
cnvironmental exposures since the only studies that made an attempt

1o document systemie absorption involved elemental selenium (19).
Elemental selemum is virtually non-toxic to plants and animals that

have been shown to be very sensitive to the water soluble forms of
selenium,

Only one documented case of human selenium toxicity for a water
source uncomplicated with selenium 1in the diet has been reported (21).
Members of an Indian famuly developed loss of hair, weiakened nails,
and listlessness after only 3 months' exposure to well-water containing
9 mg“l. The children in the family showed increased mental alertness
after use of water from ihe seleniferous well was discontinued, as
cvidenced by better work in school (22).

Smith and co-workers (23, 24) reported the results of heir studies
dealing with human exposure to high environmental selenium concentra-
tions 1n the 1930's. They reporied a hugh incidence of gastromtestinal
problems, vaa teeth, and an icteriod skin color in seleniferous areas.
The individuals exhibiting these symiptoms had urinary sclenium levels
of 0.2-1.98 pg/lhiter as compared to the 0.0-0.15 pg/liter that Glover
(19) indicates to be the normal range. The gustrointestmil disturbances

and the 1cteriod discoloration of the skin apparently have their counter .



parts in the anorexia (23) and bilirubinemia (7), respectively, in rats
fed selenium. The effect of selenivm on tecth has had some marginal
documentation in rats (26): and has been supported by Hadjimarkos (27)
and refuted by Cadell and Cousins (28) in epidemiologic studies.

From urinary concentrations of selenium, Smith and Westfall (24)
estimated that the individuals displaying these symploms were ingesting
0.01 to 0.10 mg/kg/day, and possibly as much as 0. 20 mg/kg/day.
For the 70 kg man, this would amount to a daily intake of 700 to
7000 ug/day. Smith (24, 29) also presenied the range of sclenium
concentrations found in various food classes in the areas in which the
ficld studies had been conducted, With the use of the table provided in

Dictarv Levels of Houscholds in the U.S., Spring 1965 (U.S.D.A. Agri.

Res. Service), ealculations trom these data result in a range of intake
of 600-63C0 ug/day, very close to the estimates made from urinary
concenirations of selenium. These intakes of selenium correspond in
the main with the levels producing adverse effects in other mammalian
species.  Tinsley et al. (25) found that an intake of 0.125 mg/kg/day
adversely affected early growth m rats. 1.1 mg/kg, administered
twice weekly (ca. 0.3 mg/kg/day), has been found to adversely affect
growth and to increase mortality in Hereford steers (30). Mortality

in ewes was increased at 0.825 mg/kg/day. The steers were adminis-
tered sodium selemite: the ewes sodium scelenate.  Although these levels
are slightly higher than those reported for the human exposures, it must

be remembered tht the parametlers measured would not be acceptable

cither in terms ! severily or incidence in the human population.
3.
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Few studies have been performed to specifically examine the toxicity
of selenium administered in drinking water. Pletnikova (31) found the
rabbit to be very sensitive to selenium as selenite. Ten pg/l in drinking
witer resulted in a 40% reduction in the elimination of bromosulphalein
by the liver. Since no apparent consideration was given to the selenum
content of the diet of these animals, the meaning of this result in terms
of liver function is uvbscure. If the sole intike of selenium were from
the water in these studies, the controls had to be deficient and the
experimental groun marginal, at best, in terms of the diefary require-
ment for selenium. The duration of the study was 7 1/2 months. Schroeder
(32) has indicated that intake of selenite from drinking water is more toxic
than when mixed with food. However, this suggestion was not based on a
direct experimental comparison. Rosenfeld and Beath (33) studied the
effects of sochum selenate in drinking water on reproduction in rats.
Selenium concentrations of 2.5 mg/l reduced the number of young reared
by the second generation of mothers, and 7.5 mg/l prevented reproduction
in females.

Early work (34), using both naturally occurring, and a sclenide salt,
indicaled the formation of adenomas and low-grade non-metastasizing hepalic
cell carcinomas in 11 of 33 rats surviving 18 months of diets confaining
sclenium. Harr et al. (24), in 2 much more extensive study using selenite
and sclenate salts, found no evidence of ncoplasms {hat could be attributed
to the addition of these selenium compounds to the diet at 0.5 - 16 ppm.

Volganev and Tschenkes (35) negated their earlier r~sults, which had
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indicated that 4.3 g/l selenium us selenite it the diet gave rise to tumors,
but hid not used proper cuntrols. It should be noted that these studies

are not a direct negation of the earlier studies implicating selenium as

i carcuogen, since entirely duferent compounds of sclenium were used

in the carly work. Consequently, the possibility that other compounds

of selenwum, besides selenite and selenate, possess carcinogenic pro-
perties cannot be strictly ruled out. The carcinogenic properties of
sclenium are further complicated by recent reports of the effectiveness

of selenium, 1 mg/l (as selenite), in reducing paptllomas induced by
various_chemicals in mce (36).

Any consideration of a maximum allowable concentration of selenium
must include the evidence that the element 1s an essential dictary require-
ment. A range of 0.04 to 0.10 my/1 in the diet 15 considered adeguate
to protect animals from the various manifestations of selemum defieiency
(10, 37, 38). Using the recent data on Morr:s and Levander {39), an
estimate of the present average daily mtake of selenium by the American
population may be calculiated. This figure approximates 200 uy/day and
some variition around this {1gure would be anticipated primarily as
the result of individual preferences, particularly m meats. Since no
deficiency discases of selenum have been reported to date in the U.S.,

it may be assumed that 200 ug/day of selenium 1s nutritionally adequate.
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Signs of selenium toxieitly have heen seen at an ¢ Jdimated level of
selenium intake of 0, 7-7 my/day uccording 1o the data of Smith et al.
(23, 24). At the present limit on selenium content of drinking water,
water would increase the basal 200 ug/day intake of selenium by only
10%, if one assumes a 2-liter inpestion of waler per day, This results
in a minimum safetly [actor of 3, considering the lower end of the range
of selenium intakes {hat have been associated with minor {oxic cffects
in man. In view of the relative scarcity of data directly applicable to
the apparent small margin of safely brought about by selenium contamned
in the diet, selenium concentrations above 0.01 mg/liter shall not be

permitted in the drinking water,

oy
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SILVER

The need to set a water standard for silver (Ag) arises from its
intentional addition to waters as a disinfectant. The chief effect of
silver in the body is cosmetic. It consists of a permanent blue-gerey
discoluration of the skin, cyes, and mucous membranes which 1s un-
sightly and disturbing to the observer as well as (o the victim. The
amo .« of collowdal silver required 0 produce tins condition (argyria,
argyrosis), and to serve as a basis of determining the water standard,
in not known, however, but the amount of silver from injected Ag-
arpheaamine, which produces argyria is precisely known. This value
is any amount greater than 1 gram of silver, 8g Ag-arsphenamine,
in an adult (1, 2).

From a review (2) of more than 200 cases of argyria, the following
additional facts were derived. Most common salts of silver produce
argyria when ingested or injected in sufficient doses. There 1s a lung-
dolayed appearance of discoloration. No case has been uncovered that has
resulted from an idiosyncrasy to silver. Therc was, however, consider-
able variability in predisposition to argyria: the cause of this 1s unknown,
but mdividuals concurrently receiving bismuth medication developed
argyria more readily. Although there is no cvidence that gradual deposi-
tion of siler n the body produces any significant alteration in physiologic
function, authoritics are of the opinion that occasional mild systemac
effects fro n silver may have been overshadowed by the »triking external

changes. In this conncction, there 1s a report (3) of implanted silver
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amalgams resulling in loealized argyria restricted to the elastic fibers
and capillaries. The histopathologic reaction resembed a blue nevus
simulating a ncoplasm with filamentous structures and globular masses.
Silver affinity for elastic fibers had been noted a half-century earlier (5).

A study (5) of the metabolism of silver from intragastric intake in
the rat, using radio=-silver in carrier-free tracer amounts, showed
absorption to be less than 0, 1-0. 2 percent of the silver administered;
but this evidence is inconclusive because of the rapid elimination of silver
when given in carrier-free amounts. Further study indicated, however,
that silver is primarily excreted by the liver. This would be particularly
true if the silver were in colloidal form. Silver in the body is transported
chicfly by the blood stieam in which the plasma proteins and the red
cells carry pratically 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 hour. A later report (6), using the spectrographic method on
normal human blood, showed silver unmistakably in the red blood cell
and questicnablv in the red cell ghosts and in the plasma. Once silver
is fixed in the tissues, however, negligible excretion occurs in the
urine (7).

A study (8) of the toxicologic cffects of silver added to drinking water
of rats at concentrations up to 1,000 pg/1 (nature of the silver salt
unstated) showed pathologic changes in kidneys, liver, and spleen at

400, 700, and 1,000 ug/l, respectively.
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A stady (9) of the resorption of silver through human skin using racho-

'"" has shown none passing the dermal barrier from either

silver Ag'
solution (2 percent AgNO,) or vintment, within limits of experimental
error (+ 2 percent). This would indicute no significant addition of
silver to the body from bathing waters treated with silver.

Uncertainty currently surrounds any cvaluation of the amount of
silver introduced into the body when silver-treated witer is used for
culinary purposes. It is reasonable to assume that veglables belonging
to the family Brassicoceae, such as cabbage, turnips, cauliflower,
and onions, would combine with residual silver in the cooking water.
The silver content of several liters of water could thus be ingested.

Because of the evidence (7) that silver, once absorbed, is held
mdefinitely in tissues, particularly the skin, without evident loss
through usual channels of climmnation or reduction by transmigration
to other body siles, and because of the probable high absorbabilily
of silver bound to sulfur components of food cooked in silver-containing
waters [the intake for which absorption was reported m 1940 to amount
to 60-80 ug per day (10)], the concentration of silver in drinking waler

shall nut exceed 0.05 mg/l.
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SODIUM

Man's intake of sudium is mostly influenced by the use of salt, Intake
of sodium chloride for American males is estimated (o be 10 grams per
day, with a range of 4 to 24 grams (1}. This would be 2 sodium intake
of 1600 to Y500 my per day. Intake of these amounis is considered by
most {o kave no adverse effect on normal individuals, Even Dahl, who
has been one of the strong advocates of the need for restricting salt intake,
has felt that an intake of 2000 mg of sodium could be allowed for an adult
without a famuly history of hypertension. Intake of sodium from hospital
“"house' diets has been measured recently (2).  The sodium content of a
pool of 21 cunsecutive meals that were seasoned by the chef or the
dietitian from twenty selected general hospitals was determined cach
quarter. The averiage sodium intike per capita per day was 3625 +
971 (SD) mulhigrams. The mtake could be greatly chanped between
mdividuals who never add salt to the food at the table and the individuals
who always add salt even before tasting.

The taste threshold of sodium in waler depends on several factlors (3).
The predommmant anien has an effect; the thresholds for sodium were
500 my/1 from sodium chloride, 700 mg/1 from sodium nitrate, and
1000 mg /1 from sodium sulfate. A heavy salt user had a threshold of
taste that was 50 percent higher, and the taste was less deteclable

m cold water.
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Six of 14 infants exposed to a sodium concentration of 21, 140 mygr/i
died when salt was mistakenly used ior sugar in their formula (4). Sea
water would have about 10,000 mg/1 of sodium.

Severce exacerbation of chronic congestive heart failure due to sodium
in water has been documented (3). One patient requirced hospitalization
when he changed his source of domestic wiiter to one that had 4200 mg/l
sodium. Another patient was readmitted at two-to-three-week intervals
when using a source of drinking water of 3500 mg/1 sodium.

Sodium-restricted diets are used to control several disease conditions
of man. The ruationale, complications, and practical aspects of their
use were reviewed by a committee on {food and nutrition of the National
Rescarch Council (5). Sodium-sestrictive diets are essential in treating
congestive cardiac fairlure, hypertension, renal disease, cirrhosis of the
hver, toxemias of pregnancy, and Meniere's disecase.

Hormone therapy with ACTH and cortisone 1s used for several diseases.
Sodium relention is one of the frequent metabolic conscguences following
admimistration of these therapeutic agents, and sodium-restricted diets
are required, especially for long periods of treatment.  More recent
mecdical teat books continue {o point oul the uscfulness of sodium-irestricted,
dicts for these several diseases where {luid retention is a problem (6).

When disease causes fluid retention in the body, with subsequent edema
aad ascites, there s a ditnmished urtnary excretion of sodium and of

water. If the sodium inlake is restricted in these circumslances, further
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fluid retention will usually not occur, and the excess water ingested will
be excreted in the urine because the mechanisms that maintain the con-
centration of sodium in the extracellular fluid do not permit the retention
of water witho.at sodium,

Almost all fuods contain sume sudium, and it is difficult to provide
a nutritionally adequate diet without an intake of about 440 mg of sodium
per day from food; this intake would be from the naturally occurring
sodium in food with no salt added. The additional 60 myg that would
increase the intake {o the widely used restricted diet of 500 mg per day
must account for all non-nutrition intake that occurs from drugs, waler
and incidental intikes. A concentration of sodium in drinking water up
to 20 myg per liter is considered compatible with this diet. When the
sodium content exceeds 20 myg/1, the physician must Lake this into
account fo moudify the diet or prescribe that distilled water be used,
Waler ulilities that distribute water that exceeds 20 myg /1 must inform
physicians of the sodium content of the water so that the health of
consumers can be protected. About 40 percent of the vwater supphies
arc knowan to exceed 20 mg/1 and would “ie required to keep physicians
informed of the sodium concentration (7). Most of the State health
departments have made provision for delerminmnyg the sodium content of
drinkmg water on a routine basis and «r-e now infornung physicians
their jurisdiction (8). If change of source or a treatment change sucl;
as softening occurs that will significantly increasce the sodium concen-

tration, the utlility must he sure that all physicians that care for
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consumers are aware of the impending change.  Diets prescribing intikes
of less than 500 mg per day must use speciial foods such as nulk with the
sodium reduced, or fruits that are naturally low in sodiom.

It 15 not known how many persons are on sodium-restricted diets and
to what extent the sodium intake is restricted. To reduce edema or
swelling, the physician may prescribe a diuretic drug, a sodium-restricted
dict, ur a combmation of the two. Therapy, of course, depends on the
patient's condition, but there are also regional differences that probably
result from physician training. rhe American Heart Association (AHA)
(9) feels that dwretics may allow for less need of very restricted diets
and that dwretics are necessary for quick results in acute conditions.
For long-term use, a sodiume-restricted diet 1s simpler, safer, and
more economical for the patient. It 1s preferable, especially when a
moderate or nuld sodium-restrie ed qiet will effectively control the
patient's hypertension and water retention.  Literature 1s provided {o
physicrans by the ALI'A to distribute to thewr patierts explaming the
sodiuni-restricted hets. These cover the "strict” restriction - 500 mg
sodiam, “moderate” restriction - 1000 myr sodium, and {he "mild”
restricted diet - 2400 0 4500 myr sodivm. From 1958 through June
1971, there were 2,365, 000 pieces of this hiterature distributed:

37% - 500 my; 34% -~ 1000 mg; and 29% - "nuld" (10). There are many
ways a physician can counsel lus pitients other than using this literature,
50 the total distribution dues not reflect the extent of the problem, but

the proportion of booklets distributed may provide an estirnate of the
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portion of diets that are prescribed. The "mild" restricled diet could
require just cutting down on the use of salt, and literature for the
patient would not be as necessary.

The AHA estimates that hypertension affects more the 21 million
Americans, and in more than half of these cases put enough strain on
the heart {o be responsible for the development of hypertensive heart
discase (11)., Congestive heart failure is a sequelae of several furms
of diseasc that damage the heart and would affect some unknown portion
of the 27 million persons with cardiovascular disease. Thus, from 21
to 27 nullion Americans would be concerned with sodium intake.

Toxemias .of pregnancy are common complications of gestation and
occur in 6 to 7 pereent of all pr egnancies in the last trimester (12).
Thus, about 230,000 women would be very concecerned with sodium
mtake cich year., Other diseases are treated with restricted sodium
intake, but no estimate can be made on the number of peop'e involved.

Questions about salt usapge were asked on the ninth biennial examina-
fion of the National Heart Institute’s Framingham, Missachusetts
Study (13). The study population was free of coronary heart discase
when the study began i 1949 and now are over 45 years of age. There
were 3, 633 respondents.  Forty-five percent of the males and 30 percent
of the females reported that they add salt routinely 1o their food before
tastung. Bal al the other extreme, 9 percent of the men and 14 percent
of the women avoid salt intake. More of e people 60 and over avoid
salt intake than the <15 {o 59 population. It is not determined if the salt
restriction was medically prescribed nor how extensively the sodium

intake was restricted. 1706~



It can be scen that a sigmificant proportion of the population needs to
and is trying to curtail its sodium intake. The sodiun content of drinking
witter should not be significantly increased for {rivolous reasons. This
is particularly true of locations where many of the people using: the water
would be susceptible to adverse health effects, such as hospitals, nursing
homies, and retirement commumties. The use of sodium hypochlorite
for disinfection, or sodium fluoride for control of tooth decay, would
increase the sodium content of drinking water but to an insignificant amount.
The use of sodium compounds for corrosion control myght cause a
significant increase, and softening by either the base exchange or lime-
soda ash process would significantly increasc the sodium content of
drinkmmyg water. For cach milligram per liter of hardiess removed as
calcium carbonate by the exchange process, the sodium content would be
increased about one-half mpg per hiter. The increase 1n excess lime
softening would depend on the amount of soda ash added. A study in
North Carolina found that the sodium content of 30 privaie well-water
supphies mereased from 110 mg/1 to 269 mg/1 sodium on the average
after softening (14).  The sodium content of the softened water was much
hipher shortly after the softener had been repencrated than later in the
cycle. A case has been reported where a repliacement element type
suftener was not flushed, and the drinking water had a sodium content

of 3,700 myg/1 when the unit was put back in service.



As a further deterrent to softening of water, it should be noted that
there is considerable evidence of an inverse relationship between water
hardness and ceruun cardiovascular diseases. Research in the area
is being accelerated to determme catse and effect relationships, Until
the full significance of water hardness is kncwn, and because of the
increase mn sodium content of softened waters, utilities should carefuly
consider the conscequences of installing softening treatment,

All consumers could use the water for drinking if the sodium
content was kept below 20 myg per liter, but about 40 percent of the
U.S. witer supplies have a natural or added sodium content above this
concentration (7). Many industrial wastes and runoff from deiced highways
may increase the sodium poilution of surface water (15). The problem
is most acute when ground water is polluted with sodium (16, 17) because
it remaing for a long time. Removal of sodium trom water requires
processes being developed by the Office of Saline Water (18) and e
cconomically feasible mamly mn certiin situations.

The person who is required to mamtain a restricted sodium mtake
below 500 my per day can use a water supply that contauns 20 mg or iess
sodium per biter. I the water supply contains more sochum, low sodium
bottled water or specilly treated water will have tu be used. In the
moderately restricted diet that allows for a consumption of 1000 mg sodium
per day the food mtiake is essentially the saume, but the dicet 1s liberalized
to allow the use of 1/4 teaspoon of salt, some regular bakery bread,

and/or some salted butter. Ji persons on the moderateiy restricted diet



found 1t necessary to use a wiater with @ symificant sudium content they
could still mamtiin their limited sodium intake with a water containmng
270 mg/liter. This would require allocating all the hiberalized intake
to witter (the origimnal 20 mg/1 and 250 mg/1 more with two hter dumesuc
use, drmking or cooking, per day). High sodium in water causes some
transfer of sodium to foods cooked in such water (5).

It 15 essential that the sodium content of public water supplies ¢ lnown
and this information be disseminated to physicians who hiave patients in
the service areca. Thus, diets for thuse who must restrict thei: sodium
intake can be desipned to allow for the sodium intake frum the public
water supply or the persouns can be advised to use other sources of drinking
witer. Special efforts of public notification must be made for supplivs
that have very hizh sudium content so that persons on the more restricted
sodium mtalies will not be uverly stressed if they vecasiunilly use these
witer supplies.

The 1963 Sodium Survey (7) had the following, percent distribution of

sudium concentration from 2100 public water supplies:

Ranee of Sodium Ion Percent of Total
Concentration Samples
mg/l1 ‘o
0-19.9 54.2
20 - 49.9 19.0
50 - 94.9 9.3
100 - 249.9 8.7
250 -399.9 3.6
400 -499.9 0.5
500 -999.90 0.7
Over 1000 0.1



While the question of a4 masimum contaminant level for sodium
is still under cunsideration by the National Academy of Sciences and
others, no specific level will be proposed fur the Interim Primary
Dripting Water Regulations. The Environmental Protection Agency
believes that the avinlable diata do not support any particular levei
for sodium in drmking water, and that the regulation of scdium by a
maximum contaminant level 1s a relatively inflexable, very expensive
means of dealing with @ problein which varies greatly from person to

person.
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SULFATE

The presence of sulfale ion in drinking water can result in a
cathartic cffect. Both sodium suliate and magnesium sulfate are
well-known laxatives. The laxative dose for both Glauber salt
(Na’SO;IOH:O\ and Epsom salt (M-,;SO;7H’O) is about two grams. Two
liters of water with about 300 mg/1 of sulfate derived from Glauber
salt, or 390 mg/l of sulfate from Epsom salt, would provide this dose.
Calcium sulfate is much less active in this respect.

This laxative effect is commonly noted by newcomers and casual
uscrs of waters high 1 sullates. One evidently becomes acclimated
fo use of these watlers in a relatively short time.

The North Dakots State Department of Health has collected informa-
tion on the laxative effects of water as . clated to mmneral quality, This
has been obtained by having individuals submitling water samples for
mineral analysis complete a questionnaire that asks about the taste and
odor of the water, its laxative effect (particularly on thuse not accustomed
to using 1t), 1ils cffect on colfee, and its effect on putatoes cooked in it.

Peterson (1) and Moore (2) have analyzed part of the duta collected,
particularlv with regard to the laaative effect of the witer,

Petor on found thay, in general, the waters containing more than
750 mg/) .1 sulfate showed a luxative effect and those with less than

600 mg/! voenerally did not. I the water wes hagh in magnesium, the
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eflect wis shown at lower sulfite concentrations than if other catwons
were dominant. NMoore showed that laaative effects were eaperienced by
the most sensitive persons, not accustumed to the water, when magnesium
was about 200 mg/1 and by the average person when magmeswum was 500-
1,000 mg/l. Moore analyzed the data as shown in Table 1. When sulfiies
plus magnesium exceed 1,000 mg/1, a majority uf thuse who gave a definmite
reply indicated a laxative effect.

Table 2 presents some datx collected by Lockhart, Tucker and
Merratt (3) and Whapple {(4) on the influcnce of sulliate on the Laste o!
water and coffee. Because of the milder taste of sullale over chloride
(5)(6) a taste standard for sulfate would probably be in the 300-400 mga ‘1
range. The Peterson data (1) and Table 1 42), however, imdicate that
from GO0 te 1000 mg 1 of sulfute has a laxative etfect vn a majority of
users.

Wihile a hmit for sultate may be included in Scconditry Drmking
Water Regulation::, on the basis of the effect of sultate vn water taste,
no maximmum contaminant level is being proposed at this time. As
noled above, a rehuvely hizh concentration of sullate in drinking
waler has hittle or ne Lnown effect on regular users of the water, but
transients using hugh sulfate watve s sometimes eapenience a laxauve
effect. Whether this cffect will occur, and its severily, varies
greatly with such Inctors as the level of sullate in the water being
consumed and the level of sulfate to which the transient is accustomed.

Because of this great variability, the avilable data do not support
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the establishment of any given maximum contaminant level, The
Environmental Protection Agency recommends that the States institute
monitoring programs for sulfates, and that the transients be notified
if the sulfate content of the water is high., Such notification should
include an assessment of the possible physiological effects of con-
sumption of the water.

In the meantime, rescarch is being undertaken to determine if
the health effects of sulfite in drinking water warrant further con-
sideriation. U data are generated to support a niaximum contaminant
level, this level will be proposed for inclusion in Revised Interim Primary

Water Regulations.
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