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NATIONAL ACADEMY OF SCIENCES

OFFICE OF THE PRESIDENT
2101 CONSTITUTION AVENUE
WASHINGTON,D. C. 20418

May 23, 1977

The President of the Senate

The Speaker of the House of Representatives

The Administrator of the Environmental
Protection Agency

Sirs:

It is my pleasure to transmit to you a "Summary Report: Drinking
Water and Health" prepared by the National Research Council Committee
on Safe Drinking Water. The detailed report entitled "Drinking Water
and Health" will be transmitted soon after June 1. This study was
undertaken at the request of the Administrator of the Environmental
Protection Agency as directed by the Congress in Section 1412 (e) of
the Public Health Service Act as amended (42 USC 300g-1). It pro-
vides scientific judgments on a variety of topics which will be use-
ful to those federal officials who are responsible for establishing
standards of safety for water.

As called for in the Act, the report provides an extensive review
of the adverse relationship between public health and certain constit-
uents of drinking water. The report summarizes relevant publications
and states the assumptions, criteria and methodologies used in the
evaluation of health risks associated with specific constituents
found in drinking water. Subsets within the population, particularly
susceptible to the effects of certain constituents, have been identi-
fied. Several technical subjects were identified by the committee
concerning which data were insufficient to permit reliable judgments;
these need further attention and study. The report identifies those
areas which warrant additional research.

Let me take this opportunity to acknowledge the contributions
to the study by the members of our Committee on Safe Drinking Water,
which was chaired by Dr. Gerard A. Rohlich of the University of Texas
at Austin, and by the members of its subcommittees, all of whom have
given freely of their time and effort in the public interest. We
also wish to note with appreciation the cooperation and assistance
of the Envircnmental Protection Agency in support of this study.
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It is our hope that the report of this study will be useful to
the federal government in the establishment of national drinking water
regulation.

Sincerely yours,

Philip Handler
President

Enclosure


http://www.nap.edu/catalog.php?record_id=21354

Executive Summary

The Safe Prinking Water Act of 1974 (PL93-523) required the
Administrator of the Environmental Protection Agency to arrange
for a study that would serve as a scientific basis for revising
the primary drinking water regulations that were promulgated
under the Act. The Study was conducted by the Safe Drinking
Water Committee of the National Research Council.

A thorough study of the scientific literature was undertaken
in order to assess the implications for human health of the
constituents of drinking water in the United States. Assessment
of the health benefits and the economic or technological
feasibility of achieving a given level of contaminant control is
outside the scope of the study, although the beneficial effects
of some constituents of drinking water were considered.

The risk to man of contaminants ingested in drinking water
was evaluated on the basis of both epidemiological studies and
studies of toxicity in laboratory animals. The theoretical and
experimental bases for extrapolating estimations of risk to low
levels of dose have been reviewed; some principles to guide the
conduct of this and future studies are offered.

Five classes of contaminants were examined: Microorganisms,
Particulate Matter, Inorganic Solutes, Organic Solutes and
Radionuclides.

A great reduction in the incidence of gastroenteric diseases
has resulted from the control of pathogenic microorganisms by the
standard drinking water treatments (coagulation, sedimentation,
filtration and disinfection) adopted early in this century.
However, in 1975, more than 10,000 cases of waterborne enteric
disease were reported, but in only about 10% of these cases were
causal agents identified. There are reasons to believe that many
cases go unreported. Improved detection and reporting systems
are needed to determine more accurately the nationwide incidence
and causes of these diseases. Chlorine is the standard
disinfectant against which others are compared. While it is not
ideal in every respect, much more research is required before any
of the proposed substitutes can be recommended to replace it in
water treatment. Questions concerning effectiveness of
disinfection, toxicity of by-products, and residual in the
distribution system must be answered for proposed substitutes, as
well as for chlorine.

Finely divided solid particles are found suspended in many
drinking water supplies, particularly in those not treated by
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coagulation and filtration. While certain particles may
indirectly reduce the efficiency of disinfection treatments, and
act as carriers of some other contaminants, only in the case of
particles derived from asbestos minerals are there grounds for
suspecting that direct effects on human health may result.
Inhalation of asbestos dust for long periods of time has been
shown to produce toxic effects, but evidence of the toxicity of
ingested particles of asbestos minerals is not conclusive.
Further research is necessary to resolve this problem.

Health effects associated with 22 inorganic solutes were
reviewed. Most were judged to present little or no threat to
human health either because of low concentration in drinking
water, minimal potential toxicity, or koth. Thirteen are
essential nutrients. Their potential toxicity at high levels and
nutritional role at lower levels complicate the issue, but none
of them poses a threat to health at the concentrations normally
found in drinking water. The inorganic contaminant with the
greatest potential for toxicity is lead. The present standard
may not provide an adequate margin of safety, especially for
infants and young children. The data presented justify
reexamination of the current standards for arsenic and selenium.
The preponderance of evidence supports an inverse correlation
between the incidence of cardiovascular disease and water
hardness, but the underlying causal relationships are not clear.

On the basis of their relevance to the purpose of the study,
129 organic compounds (including 55 pesticides) were selected for
detailed examinatione.

A list of the compounds in drinking water that are known or
suspected carcinogens was prepared after a detailed analysis of
the available data. Estimates of cancer risk to man from a
lifetime exposure were made when sufficient data were available
to permit a statistical extrapolation. These projections were
made for 22 compounds judged to be either known or suspected
human or animal carcinogens. Of these only vinyl chloride is
confirmed to be a human carcinogen. The available data on
mutagenicity and teratogenicity also were summarized.

Although the carcinogenic effects of the compounds were of
primary concern, evidence of other effects was considered. An
"Acceptable Daily Intake" (ADI) was calculated for 45 compounds
that were judged to be potentially tcxic kut not carcinogenic.
The ADI is an empirically derived value that reflects a
particular combination of both knowledge and uncertainty about
the relative safety of a chemical. It is the level at which
exposure to a single chemical is not anticipated to produce an
observable toxic response in man. The ADI does not represent a
safe level in drinking water because it does not specify what
fraction of the potential contaminant intake may come from water.
Data were insufficient to calculate an ADI for 61 of the
compounds that were considered.
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The radiation associated with most water supplies is a small
proportion of the normal backround to which all human beings are
exposed. Consequently, it is difficult, if not impossible, to
measure with certainty any adverse health effects that may be due
to radionuclides in water. 1In a few water supplies, however,
radium can reach concentrations that pose a higher risk of bone
cancer for the people exposed.

Each chapter concludes with a summary and research
recommendations. Subgroups have been identified that are more
susceptible to the adverse effects of certain constituents than
is the normal population-at-large.
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PREFACE

This report is a summary of the results of a study of the
potentially harmful effects that impurities in drinking water may
have on human health. A detailed account is published separately
under the title "Drinking Water and Health." The study was
conducted by the Safe Drinking Water Committee of the National
Research Council, supported by a contract between the
Environmental Protection Agency (EPA) and the National Academy of
Sciences.

The Safe Drinking Water Act of 1974 required the
Administrator of the EPA to make arrangements for this study so
that the results might serve as the scientific basis for revising
the interim primary drinking water regulations that were
promulgated under the Act.

Our ability to respond to the specific terms of the Act was
limited by the present state of scientific knowledge.
Recognizing this limitation, the study was conducted in
accordance with the interpretation given in Appendix II.

Application of advanced methods of analysis has widened our
knowledge of the trace impurities of water much faster than the
rate of accumulation of information akout their toxicity.
consequently, as new information becomes available, further
investigation will be required to estimate the health effects of
water that could not be assessed in this study.
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SUMMARY REPQRT:
DRINKING WATER AND HEALTH

Introduction

The high quality of drinking water in the United States is
recognized throughout the world, and popularly endorsed by the
freedom with which water is consumed. Nevertheless, the
application of increasingly sensitive methods of analysis, and
mounting concern over the spread of environmental pollution have
led to new legislation that seeks to ensure that the quality of
drinking water poses no threat to public health.

The safe Drinking Water Act of 1974 (PL93-523) requires the
Administrator of the Environmental Protection Agency (EPA) to
promulgate national standards for the purity of drinking water
and regulations for enforcing them. The Act also directs the
Administrator to arrange with the National Academy of Sciences,
or other appropriate organization, to study the adverse effects
on health attributable to contaminants in drinking water. This
report summarizes the results of that study. A precis of the
legislation and its background, the objectives of the study, and
the names of those who contributed to it are given in the
Appendixes.

The primary purpose of the study has been to assess the
significance of the adverse effects that the constituents of
drinking water may have on public health. The economic or
technological feasibility of controlling the concentration of
these constituents is outside the scope of the study. The health
effects associated with some methods of disinfection have
received attention, but the relative effectiveness and potential
hazards associated with the various methods of water disinfection
have not been evaluated.

Application of analytical methods of great sensitivity has,
in recent years, expanded our knowledge of the occurrence and
diversity of impurities in drinking water. However, information
about the results of chronic ingestion, at low dose rates, of
most of these substances is acquired slowly because the bioassays
that are usually required may take two Oor more years to complete.
Although new approaches to the problem of estimating chronic
adverse health effects may, in the future, ease this difficulty,
the current knowledge on which this study is based is
insufficient to assess all the contaminants of drinking water.
The results reported here must therefore be considered as the
first contribution of an effort that should be continued.
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General Considerations

Besides the known constituents of drinking water, we have
considered also some that it would be plausible to expect to be
present, even though they have not yet been identified. (Certain
pesticides used in large quantities fall into this category.)

In our review of water constituents, we have attempted to
take into account not only their identities, concentrations, and
toxicities, but also have considered other questions, such as:

1. What reason is there for concern about the material?
What risks are associated with its presence in water?

2. How does the material get into water?

3. What sources are there other than water?

4. What contaminants need to be controlled?

Se Are there special places or persons at higher than
average risk?

6. Are there essential health requirements for this
material? (See particularly the discussion of inorganic
solutes.) X

7. In view of the data at hand, can one say that this is a
material that causes temporary ill effects? permanent
ill effects? reversikle effects?

8. In view of these effects--and their reversibility (or
lack of it)--is it possible to set "no-observed-adverse-
health-effects" levels?

9. For materials with special health benefits, what
concentrations will maximize these benefits, while
keeping the health risk associated with them at an
acceptably low level?

10. What additional information is required to resolve the
outstanding problems?

Many of the constituents of drinking water occur naturally,
and enter water from the rocks and the soil and the air. Some
are the natural waste products of men or animals. Others are
artificial or synthetic materials, made and used for special
purposes, that inadvertently find their way into water. Yet
others occur naturally, but have become more widely distributed
in populated areas as a result of industrial and agricultural
activity.

Water Consumption

In this study, the average amount of water consumed per
person is assumed to be two liters per day. This is also the
amount used by the EPA to calculate the current interim
standards. Daily consumption of water is a function of
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temperature, humidity, physical activity, and other factors that
vary widely. Although average water consumption per capita may
be estimated from the literature on human physiology and
nutrition to be about 1.6 liters/day, the larger volume of 2
liters/day was adopted as representing the intake of the majority
of water consumers. We estimate that most of those who consume
volumes larger than 2 literss/day still are afforded adequate
protection because the margin of safety estimated for the
contaminants is sufficient to offset the increased water
consumption. Nevertheless, consideration should be given to
establishing some standards on a regional or occupational basis
to take extremes of water consumption into account.

Special Cases

Groups of people who may be more susceptible than average for
the whole population are considered in connection with the
particular contaminants to which they are sensitive.

This report is concerned only with water that is used for
drinking. Although all contaminants may cause problems when
present in water used in health care facilities, the health
hazards associated with such diverse uses of water as in
humidifers, kidney dialysis units, laundries, heating and cooling
equipment, or many special uses that require further treatment of
tap water, have not been considered.
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FINDINGS OF THE STULY

Chemical Contaminants: Safety and Risk Assessment

The hazards of ingesting chemical pollutants in drinking
water can be assessed in two general ways: with epidemiological
studies and with laboratory studies of toxicity. The aim of both
types is to provide information on the risk to mane.

Most of the current knowledge of toxicity is based on
observations of the effects on man and animals of doses and dose
rates that are much larger than those that correspond to the
usual concentrations of harmful materials in drinking water.
There 18, consequently, great uncertainty in estimating the
magnitude of the risk to health that ingestion of contaminants in
water may produce. An additional proklem is presented by the
combined effects of two or more contaminants.

The theoretical and experimental kases for extrapolating
estimations of risk to low levels of dose have been reviewed.
some principles are proposed to guide.the conduct of this and
similar studies.

Large populations are exposed repeatedly, over long periods
of time, to minute amounts of potentially toxic contaminants in
drinking water. Delayed, essentially irreversible, effects can
occur. Methods and criteria of classical conventional toxicology
do not always provide reliable means for assessing long-term
toxic effects such as carcinogenesis. Extrapolation from animal
data to man is uncertain; hence, novel considerations have to be
applied to assess risk.

The insidious effects of chronic exposure to low doses of
toxic agents are difficult to recognize, because there are few,
if any, early warning signs and, when signs are ultimately
observed, they often imply irreversikle effects. For example,
cancer induction in experimental animals, even with the most
potent carcinogenic chemicals, requires at least several months
and in many instances a whole lifetime. There are at present no
easy, straightforward methods for extrapolating even chronic-
exposure experimental data to calculate risks to large human
populations. Teratogenic effects are easier to establish by
animal experimentation, but there are similar uncertainties in
extrapolating to human populations. Mutagenic effects are
difficult to assess experimentally in mammals, and such effects
are particularly insidious, in that they appear only in later
generations.

Various measures used in assessing acute toxicity--such as
LDgjgo, LDgg, and maximal tolerated dose--are generally found to be
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quantitatively similar in most animals. On the basis of dose per
unit of body surface, toxic effects in man are in the same range
as those in experimental animals, such as mouse, rat, hamster,
dog, and monkey. On a body-weight basis, man is generally more
vulnerable than the experimental animal, probably by a factor of
6-12. Comparative studies have shown generally that the
absorption, metabolism, and excretion of various drugs are
slower, dose for dose, in man; that there is greater retention of
such drugs; and that higher concentrations occur in body fluids
and tissues in man than in small mammals. With an awareness of
these guantitative differences, appropriate safety factors can be
applied to calculate relatively safe therapeutic dosages for man.
These methods and principles of classical toxicology are useful
for assessing toxic effects that are reversible and that are not
progressive. They are much less useful in dealing with all of
the problems of chronic irreversible toxicity or the effects of
long-term exposure. This subject has not been considered widely
in the past.

From the review of available information, two major questions
emerge: "What types of experimental assay procedures are required
for a valid assessment of chronic toxicity of chemicals in
experimental animals?" "How can such data be extrapolated to
estimate risks in humans?" In dealing with these questions, our
recommendations are restricted to a specific risk--namely,
cancer--with the understanding that the same considerations will
apply, at least partially, to the problems of mutagenesis and
teratogenesis. Furthermore, we consider only carcinogens whose
mechanisms involve somatic mutations.

Some principles that underlie efforts to assess the
irreversible effects of long-continued exposure to carcinogenic
substances at low dose rates are outlined below.

Principle 1

Effects in animals, properly qualified, are applicable to
man. This premise underlies all of experimental biology and
medicine: but, because it is continually questioned with regard
to human cancer, it is desirable to point out that cancer in man
and animals is strikingly similar. Virtually every form of human
cancer has an experimental counterpart; and every form of
multicellular organism is subject to cancer, including insects,
fish, and plants. Although there are differences in
susceptibility between different animal species, between
different strains of the same species, and between individuals of
the same strain, carcinogenic chemicals will affect most test
species; also large bodies of experimental data indicate that
many chemicals that are carcinogenic toO animals are likely to be
carcinogenic to man, and vice versa.
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Evidence that circumstances leading to cancer induction in
humans are also applicable to experimental animals stems from the
very first observation of chemical carcinogenesis--the appearance
of cancer of the scrotum in chimney sweeps, observed by the
British surgeon, Percival Pott, in 1775. It was not until modern
times that a substance implicated in human cancer was found to be
carcinogenic in animals: when the Jaganese scientists, K.
Yamagiwa and K. Ichikawa, found in 1915 that extracts from coal
tar cause cancer when applied to the skin of experimental
animals. Many pure carcinogenic chemicals have since been
isolated from a wide variety of "tars" derived from incomplete
combustion of organic matter, such as coal, wood, and tobacco.
There is little doubt that these and other chemicals, alone or in
combination, are responsible for the greatly increased incidence
of lung cancer among smokers. With the possible exception of
arsenic and benzene, all known carcinogens in man are also
carcinogenic in some species, although not in all that have been
tested. However, all carcinogens in animals are not known to
cause cancer in humans.

Principle 2 .

Methods do not now exist to estaklish a threshold for long-
texrm effects of toxic agents. With respect to carcinogenesis, it
seems plausible at first thought, and it has often been argued,
that a threshold must exist, below which even the most toxic
substance would be harmless. Unfortunately, a threshold cannot
be established experimentally that can ke applied to a total
population. A time-honored practice of classical toxicology is
to establish maximal tolerated (no-effect) doses in humans on the
basis of finding a no-observed-adverse-effect dose in chronic
experiments in animals and to divide this dose by a "safety
factor" of, say, 100, to designate a "safe" dose in humans.

There is no scientific basis for such estimations of safe doses
in connection with carcinogenic effects. For example, even if no
tumors are obtained in an assay of 100 animals, this means only
that at a 95% confidence level the true incidence of cancer in
this group of animals is less than 3%. Even if we were to use
1,000 animals for assay, and no tumors appeared, we could only be
95% sure that the true incidence was less than 0.3%. Obviously,
0.3% is a very high risk for a large human population.

In fact, there are no valid reasons to assume that false-
negative results of carcinogenicity tests are much less frequent
than false-positive ones. To dismiss all compounds that did not
induce tumors in one or two mouse and rat experiments as
noncarcinogenic is wrong. Lakeling as "“carcinogens" all
substances that give rise to increased incidence of tumors is
justified only if there is also evidence of a causal
relationship. The "relative risk®" cf compounds that are not
found to induce tumors in animal experiments must also be
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considered. But this requires evaluation of data other than
those collected in chronic toxicity studies on rodents.

Experimental biocassays in which even relatively large numbers
of animals are used are likely to detect only strong carcinogens.
Even when negative results are obtained in such kioassays, it is
not certain that the agent tested is unequivocally safe for man.
Therefore, we must accept and use possibly fallible measures of
estimating hazard to man. This reasoning leads us to the
statement of Principles 3 and 4.

Principle 3

The exposure of experimental animals to toxic agents in high
doses is a necessary and valid method of discovering possible
carcinogenic hazards in man. The most commonly expressed
objection to regulatory decisions based on carcinogenesis
observed in animal experiments is that the high dosages to which
animals are exposed have no relevance in assessment of human
risks. It is therefore important to clarify this crucial issue.

Practical considerations in the design of experimental model
systems require that the number of animals used in experiments on
long-term exposure to toxic materials will always be small
compared with the size of the human populations similarly at
riske To obtain statistically valid results from such small
groups of animals requires the use of relatively large doses soO
that the effect will occur frequently enough to be detected. For
example, an incidence as low as 0.01% would represent 20,000
people in a population of 200 million and would be considered
unacceptably high, even if benefits were sizable. To detect such
a low incidence in experimental animals directly would require
hundreds of thousands of animals. For this reason, we have no
choice but to give large doses to relatively small experimental
groups and then to use biologically reasonable models in
extrapolating the results to estimate risk at low doses. Several
methods for making such calculations have been considered and
used, but we think that the best method available to us today is
to assume that there is no threshold and that a direct
proportionality exists between the size of the dose and the
incidence of tumors. However, it is important to recognize that
such a calculation may give either too small or too large an
estimate of risk. The actual risk to humans might be even
greater over a human lifetime, because it is about 35 times that
of a mouse; and there is evidence that the risk of cancer
increases rapidly with the length of exposure. Moreover,
experimental assays are conducted under controlled dietary and
environmental conditions with genetically homogeneous animals,
whereas humans live under diverse conditions, are genetically
heterogeneous, and are likely to include subpopulations of
unusual susceptibility.
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It should be emphasized that these general considerations
give only a minimal estimate of human risk; moreover, they do not
take into consideration differences in susceptibility between
species. For example, beta-naphthylamine is well established as
a human carcinogen on the basis of epidemiological studies of
occupationally exposed workers, whereas experiments have not
shown it to be carcinogenic, for example, in the hamster, which
is relatively resistant.

Not all substances that cause a given incidence of cancer in
experimental animals are equally carcinogenic for man. This
means that results of studies of chronic toxicity, which are
imperfect assay systems for carcinogenicity testing, should not
be used as the sole criteria in the assessment of risk.

Principle 4

Material should be assessed in terms of human risk, rather
than as "safe" or “unsafe." The limitations of the current
exper1menta1 techniques do not allow us to establish safe doses,
but with the help of statistical methods we may be able to
estimate an upper limit of the risk to human populations. To
calculate such a risk, we need data to estimate population
exposure: a valid, accurate, precise, and reproducible assay
procedure in animals; and appropriate statistical methods.
Several general guidelines may be presented. First, no rigid,
generally applicable procedure can ke recommended for testing all
toxic agents. Substances differ too much in their overall
effects, and it will ultimately have to be left to the well-
informed judgment of expert investigators to design appropriate
assays. If substances that affect large populations are found to
be carcinogenic, expériments of much wider scope may have to be
conducted, to obtain more detailed information on their possible
effects in humans. As a pragmatic guideline, it would be
desirable to test a compound for carcinogenicity in at least two
species, such as the mouse and the rat, and the strains of
animals used should have a rather low incidence of spontaneous
tumors under the conditions of the test. It is important to
include "positive" controls, with known carcinogens, under the
same conditions used for the test animals. This has been a point
of considerable controversy.

Experiments should be conducted over as much as possible of
the lifetime of the experimental animal. The highest dose should
be the maximum that is tolerated without shortening the lifespan
through causes other than cancer. Every animal, whether it dies
during the exposure period or is sacrificed at the end of the
experiment, should be examined grossly and microscopically, and
all toxic effects (not only cancer) should be noted.
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Risk constitutes but half the essential comparison that
should be made in the assessments of human hazard; the other half
is benefit to the exposed population ¢of the agent whose hazard
has been identified. Decisions cannot involve merely the risk.
But the acceptability of risk should degend on the specific
benefits derived, the nature of the peopulation exposed, and the
availability of practical alternatives,

It is not possible to guarantee a risk-free society; nor is a
risk-free society necessarily the most desirable society. It is
often necessary to accept the risks of chemicals--such as drugs
and pesticides--when the benefits warrant their use. Risks
imposed on persons who gain no benefits are generally not
acceptable. Personal choice and personal values enter into the
risk-benefit comparison. For major kenefits--for example, in the
treatment of otherwise incurable or incapacitating diseases--much
higher risks are allowable than otherwise. An important
principle in risk-benefit assessment is that each person must be
allowed the widest possible choice, sugported by full information
on risks, as-well as benefits, so that intelligent choices may be
made, L

The benefit portion of the equation should ke well defined by
knowledgeable experts and based on data at least as good as the
risk data. It is important, therefore, that the benefit-risk
comparisons be established with the active cooperation of those
who are qualified to assess the usefulness of a substance and the
consequences to those in need of it, as well as to the population
at large.

Finally, mankind is already exposed to many carcinogens whose
presence in the environment cannot easily be controlled. 1In view
of the nature of cancer, the long latent period of its
development, and the irreversibility of chemical carcinogenesis,
it would be highly improper to expose the general population to
an increased risk if the benefits were small or questionable, orx
were restricted to limited segments of the population.

Estimation of Risk

Chronic low-dose-rate toxicity was assessed quantitatively by
different procedures, the method chosen depending on the
character of the experimental evidence and whether the substance
in question was judged to be carcinogenic or not.

Assessments of the toxicity of noncarcinogenic substances are
described in the sections on Inorganic Solutes and Organic
Solutes. These are expressed as estimates of maximal no-
observed-adverse-effect" concentrations in water, and are based
on the assumption that, for these noncarcinogenic materials,
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there are threshold doses below which no adverse effects on
health are likely to occur.

Risks of exposure to radionuclides and carcinogenic organic
compounds were estimated by methods that involve an assumption
that there are no thresholds in the dose-response relaionships.
In the case of radionuclides, the estimates were based, in large
measure, on the report of the Advisory Committee on the
Biological Effects of Ionizing Radiation (National Academy of
Sciences-National Research Council, 1972); the method used for
organic compounds is described below.

In the case of organic compounds that were identified as
carcinogens, the risk to man was expressed as the probability
that cancer would be produced by continued daily ingestion, over
a 70 y lifetime, of 1 liter of water containing a standard
quantity (1 pg/liter) of the substance in question. Estimates
expressed in this form may then be used to calculate risk due to
the concentrations actually found in drinking water.

To make such estimates from the results of animal feeding
studies two steps are necessary. The first involves conversion
of the standard human dose to the physiologically equivalent dose
in the animal, and this was performed on the basis of relative
surface area. The second step requires use of a risk model
relating dose to effect. The model used for this purpose is

P@)=1 _e-(AotNd+ ?\zdz g Lkdk)

where P(d) is the lifetime probability that dose d(total daily
intake) will produce cancer,

K = the number of events in the carcinogenic process

and Ag,Ag,Az2---etc., are nonnegative parameters. At low doses,
the higher order terms in 42,43, etc. may ke neglected and

Pd)=>=1 - e—(Ag + A d) :xho + hld

Ao representing the background rate. When two or more sets of
results of lifetime animal feeding studies were available,
experimental values of P(d), the fraction of test animals
developing cancer, and 4, the total daily dose, were fitted to
the equation to determine how many of the terms Ag, Ayd, Azd2,
etc. were necessary to give the best fit., Corresponding values
of Aoe A3y OX Ag, Ay and A,, etc. were used to calculate P(d) for
the low dose of interest, namely the animal dose that was
physiologically equivalent to the standard dose for man. If the.
animal experiments involved only one dose level, the \,d term,
alone, was used in the calculation. Upper confidence limits on
the estimated low-dose risk were also calculated by use of
maximum-likelihood theory, and these values were tabulated.
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Since the animal data were obtained from lifetime feeding
studies, the risk estimates calculated from them for the low
doses that were estimated to be physiologically equivalent to the
human dose, were taken to represent the lifetime risks for man.
The background rate, obtained from the cancer incidence in the
control groups of experimental animals and represented by the
parameter Ao, was excluded from the takulated values of P(d),
which therefore represent the incremental risks due to ingestion
of the compounds in water, .

Recommendations for Research

A research program should include the following:

1. Studies of the physiological and biochemical mechanisms
by which the toxic substances in water produce their
effects.

2. Development of rapid, inexpensive, and precise tests to
identify substances that may produce important toxic
effects at low doses and dose rates,

3. Epidemiological studies of chronic disease.

4. Research on statistical methods and analytical models
for describing and estimating the effects of long
exposure to low doses of toxic substances. Studies
should not be limited to carcinogenesis and should .
consider, also, differences ketween species, and
particularly sensitive subgroups in the population.
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Microbiology of Drinking Water

Outbreaks of waterborne disease are reported to the National
Center for Disease Control (CDC) of the United States Public
Health Service by state health departments. In addition, EPA
obtains information about outbreaks from state water supply
agencies. Data on waterborne outbreaks have limitations and must
be interpreted with caution. They represent only a small part of
a larger public health problem. The number and kind of reported
outbreaks may depend upon the interest or capabilities of a
particular state health department or individual. They do not
provide the true number of outkreaks, cases or causes of disease
associated with drinking water.

No law or regulation requires state authorities to report all
cases of gastroenteritis to CDC, and, in fact, many small
outbreaks are not reported to state derartments of health.
Moreover, etiologic agents are seldom identified, even in the
cases that are reported. There are reasons to kelieve that most
outbreaks of waterborne disease are of microbiological origin.
Yet the accuracy of epidemiological studies is limited by
underreporting and diagnostic uncertainties.

The microbiological contaminants selected for consideration
are those for which there is epidemiological or clinical evidence
of transmission by drinking water. These include a variety of
bacteria, viruses, and protozoa. Methods of detecting these
contaminants in drinking water are reviewed, together with the
determination of permissible levels. Because current drinking .
water standards place major emphasis on detection of
microbiological contaminants, considerakle attention is devoted
to the validity and health significance of microbiological
standards.

Effective water treatment systems in the United States have
had a major impact on the reduction of waterborne infectious
diseases during this century. However, waterborne disease
outbreaks continue to occur. In 1975, 24 outbreaks involving
10,879 cases were reported to the CDC, kut no deaths. Acute
gastrointestinal illness accounted for about 90% of the cases.

In 1971-1974, deficiencies in treatment, such as inadequate
or interrupted chlorination, and contamination of ground water,
were responsible for a majority (65%) of the waterkorne disease
outbreaks. 1In 1975 treatment deficiencies were responsible for
most outbreaks. However, deficiencies in the distribution
systems were responsible for most cases,

Control of waterborne epidemics degpends largely upon the
control of infectious enteric diseases. Much of the success in
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this regard can be attributed directly to the use of chlorine as
a disinfectant. The use of chlorine in water treatment may
result in the formation of compounds that are known carcinogens
for animals and suspected carcinogens for humans, but the
benefits gained are very great.

Several substitutes for chlorine have been suggested (€.g.,
ozone, chlorine dioxide, bromine and iodine) but much more
research is required before any of them can be recommended as a
sole substitute for chlorine in water treatment. Questions
concerning disinfection effectiveness, toxicity of by-products,
and residual in the distribution system must be answered for
proposed substitutes as well as for chlorine. It may be possible
to reduce the concentrations of undesirable organic by-products
of chlorination, without compromising disinfection, by changing
the sequence or rate of chlorine addition in relation to other
steps in water treatment. Use of other oxidizing agents before
chlorination may also help to modify organic matter before
significant amounts of chlorinated derivatives can be formed.

Bacteria ‘

Bacteriological testing and observance of bacteriological
standards are adjuncts to, not substitutes for, good-quality raw
water, proper water treatment, and integrity of the distribution
system. Application of the present coliform standards appears
adequate to protect public health when raw water is obtained from
a protected source, is appropriately treated, and is distributed
in a contamination-free system.

Current coliform standards are not satisfactory for water
reclaimed directly from wastewater. Meeting current coliform
standards for water reclaimed directly from waste water, or for
water containing several percent of fresh sewage effluent, is
insufficient to protect public health. For such raw water
supplies, new microbiological standarxds should be developed and
applied as supplementary to coliform standards.

The standard plate count is not a substitute for total
coliform measurements of the sanitary quality of potable water.
It is, however, a valuable procedure for assessing the bacterial
gquality of drinking water. Ideally, standard plate counts (SPC)
should be performed on samples taken throughout the systems. The
SPC has major health significance for surface-water systems that
do not use flocculation-sedimentation-filtration and
chlorination, and for those ground-water systems that do not
include chlorination.
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A research program is needed to increase the value of the
relatively simple bacteriological tests in controlling the
sanitary quality of drinking water. The program should include:

1. Epidemiological studies of water quality and health,
with application of more sensitive methods for detecting
pathogens in drinking water and Lketter reporting of
outbreaks of waterborne disease.

2. Development of membrane-filtration methods to allow
testing of larger samples and to reduce interference by
overgrowth and disinfectants.

3. Improvement of procedures fcr making total-plate-counts
and study of the utility of such tests for assessing the
health hazards of drinking water,

4. Research on more rapid and sensitive methods for
detecting pathogens and the use of such methods for
monitoring the quality of water.

Viruses

The bacteriological monitoring methods currently prescribed
(coliform count, standard plate count) are the best biological
indicators now available for routine use in determining the
probable levels of virus in drinking water. The strictest
current standards of water treatment, diligently applied, can
provide a high degree of assurance that viruses injurious to
human health are not likely to be present in finished drinking
water.

Because knowledge of the scale of potential viral
contamination is scanty, and because there is no rigorous basis
for establishing a harmless level of viral concentration in
water, research on the problems of viral contamination should be
strongly supported. In particular, the following subjects
deserve special attention:

1. Methods for testing drinking water for viral
contamination.

2. Methods for recovery, isolation, and enumeration of
viruses (especially hepatitis a).

3. Specific etiology of viral gastroenteritis.

4, Methods for evaluating and imgproving effectiveness of
present water treatment to remove or inactivate viruses.,

5. Determination of the amounts of enteric viruses that
must be ingested to produce infection and disease.
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Parasites

The most important waterborne parasitic diseases in the
United States are amoebiasis and giardiasis. Known outbreaks of
these diseases have resulted from sewage contamination in
distribution systems, and from inadequately treated surface
waters.

The cysts of both of these parasites are more resistant to
chlorine than are bacteria, but flocculation and filtration can
remove them. Nevertheless, knowledge of the vulnerability of
these organisms to disinfection is incomplete, and, in
particular, the conditions necessary for destruction of giardia
cysts require further study. The same considerations apply to a
few other parasitic protozoa that, although rare, have been
identified in public water systems.

Metazoan parasites (helminths, nematodes) that can be present
in raw water will be controlled in puklic water supplies by well-
regulated flocculation, filtration, and disinfection.

Testing

A deficiency of customary biological methods for evaluating
the bacteriological quality of water is that results from tests
are not known until after the water samgled has already entered
the distribution system, and been used. Sudden invasions of
contamination are unlikely to ke detected promptly enough to
prevent exposure, and may overwhelm the corrective treatments.
Therefore, control of microbiological quality can be more readily
achieved if the raw water supply is of high and relatively
invariant quality.

Nevertheless, it is essential that present methods of
microbiological testing be continued to validate the
effectiveness of disinfection and for detecting defects within
the system.
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Solid Particles in_ Susgension

Materials suspended in drinking water include inorganic and
organic solids as finely divided particles of sizes ranging from
colloidal dimensions to more than 100 micrometers. Such
particles may also have other substances and microorganisms
attached to them.

Small particles of some materials, such as the asbestos
minerals, may have the potential to affect human health directly
when they are ingested, and there is widespread concern over the
biological effects of such substances.

Many kinds of particles, though apparently harmless in
themselves, may indirectly affect the quality of water by acting
as vehicles for concentration, transport, and release of other
pollutants.

Water treatment can often be effective in removing most of
the suspended particles but conventional methods of detecting the
presence of particulate material by measurement of turbidity have
serious deficiencies.

Direct Effects on Health

Particles of asbestos and other fikrous minerals occur in raw
water, usually in a range of sizes from fractions of a micrometer
to a few micrometers. Generally there are fewer than 10 million
fibers per liter, but waters are found with from less than 10,000
to more than 100 million fibers per liter. Some of the highest
counts have been found near some cities. Fibers in drinking
water are typically less than 1 micrometer long and fibers longer
than 2 micrometers are uncommon. Identification and counting of
fibers is difficult and time-consuming, usually requiring the
transmission electron microscope. The reported counts are highly
variable, often differing from one count to the next by a factor
of 10 or more.

Epidemiological studies of workers exposed to asbestos by
inhalation have shown an increase in death rates from
gastrointestinal cancer. With respiratory exposure it is likely
that more fibers are swallowed than remain in the lungs. The
workers studied were exposed to asbestos with a large range of
fiber lengths. It is not clear whether fiber length is pertinent
to the development of cancer in the digestive tract in humans.

Epidemiological studies of cancer death rates in Duluth,
Minnesota, where the water supply has keen contaminated with
mineral fiber, have so far not revealed any increase of
gastrointestinal cancer with time, in comparison with death rates
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in other areas. Contamination of the Culuth drinking water began
less than twenty years ago however, and since many cancers have
long latency periods, these negative epidemiological findings do
not exclude the possibility that an increase may appear within
the next five to fifteen years.

Animal deposition model studies have shown that fiber length
and diameter affect the carcinogenic response seen, the long thin
fibers appearing to be the active ones. However, the relevance
of these experimental models to the human experience is not
clear. While some animal studies have shown penetration of the
gastrointestinal epithelium, others have not.

It is not known whether other inorganic particulates that
occur in water produce any direct effects on human health.

Indirect Effects on Health

The concentration of inorganic, organic, and kiological
pollutants is usually much higher in the suspended solids and
sediments of streams and lakes than in water. Clay, organic, and
biological particulates alone or in comkination are the materials
chiefly responsible for such concentrations. Clay and organic
particulates have large surface areas and strongly adsorb ions,
polar and nonpolar molecules, and biological agents. Occurrence
of these materials in water is a consequence of natural events,
as well as human activity, and is common in many waters that
people drink. Although many of the clay or natural organic
particulates, in themselves, may not have deleterious effects
when ingested by humans, they may exert important health effects
through adsorption, transport, and release of inorganic and
organic toxicants, bacteria, and viruses. The clay or organic
complex with a pollutant may be mobilized by erosion from the
land, or complexes may form when eroded particulate matter enters
a stream containing pollutants. The atmosphere is also an
important pathway. In the adsorbed state, organic and inorganic
toxicants may be less active; however, the possibility exists
that the toxicants may be released from the particulate matter in
the alimentary tract and then exert toxic effects. It is not
clear how complexes of particulate matter with viruses and
bacteria behave in the gut. It is known, however, that some
enzymes retain their activity when adsorbed on clay, and that
viral-clay particulates are infectious in tissue culture and in
animal hosts.

Turbidity as an Indicator
A high turbidity measurement is an indication that a water

may produce an adverse health effect; however, a low turbidity
measurement does not guarantee that a water is potable.
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Turbidity measurements do not indicate the type, number, or mass
of particles in a water supply. Where particulates in water are
suspected of being harmful, the particuate content should be
identified and counted by more specific techniques. Such
techniques may include biological, organic, inorganic, and
fibrous-particulate surveys.

Turbidity measurements are valuakle for process control in
water-treatment plants. However, the results obtained with
present instruments, procedures, and units of measurement are not
well correlated with particle concentrations and size
distributions. The test itself must be standardized and refined
to facilitate its use for this and other purposes.

Conclusions and Recommendations

Certain mineral fibers found in water are suspected of being
harmful upon ingestion. The available data with respect to
asbestos orally ingested through drinking water do not suggest an
immediate hazard to public health. They do suggest that
additional research, both experimental (using animals) and
epidemiological, is required to determine the degree of hazard.
Until new results become available, contamination of drinking
water by mineral fibers should be kept to a minimum through the
use of effective coagulation and filtration processes and other
appropriate measures.

Because particulates are vehicles for concentration,
transport, and release of pollutants, they may have indirect
effects on health. Coagulation and filtration are effective
methods of reducing particulate concentrations. Measurement of
particulate content by turbidimetry are imprecise and cannot be
relied upon as a sole indicator of the safety of an
uncharacterized drinking-water source.

Recommendations for Future Research

1. A survey of suspended particulate matter in raw and
treated drinking-water supplies in several "typical"
communities is urgently needed as background
information. This must be coupled with analysis of
accompanying organic and inorganic material and
microorganisms, as well as characterization of the
particulates with resgect to size, shape, composition,
and adsorbed constituents.

2. Ingestion studies should be carried out with fibers of
various types and size distrikutions in validated animal
model systems.
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Epidemiological studies of time trends in death rates
should be conducted in areas that have high
concentrations of mineral fibers in drinking water.
Electron microscopy procedures for detecting and
counting asbestos fibers should be scrutinized with
respect to their specificity, precision and accuracy.
Information is required on the effects of inorganic,
organic and biological toxicants adsorbed on clay and
organic particulates.

Development of improved and standardized methods for
determining particle concentrations and size
distributions by optical techniques, such as light
scattering and absorption, should be supported.
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Inorganic_Solutes

The Interim Primary Drinking Water Regulations list maximum
allowable concentrations for six metallic elements - barium,
cadmium, chromium, lead, mercury, and silver. Ten additional
metals were reviewed in this study - beryllium, cobalt, copper,
magnesium, manganese, molybdenum, nickel, tin, vanadium, and
zinc. Sodium, which is also a metal, was considered separately,
because the problems it poses are quite distinct from those
associated with the other metallic sukstances.

Eight of these metals are known to ke essential to human
nutrition: chromium, cobalt, copper, magnesium, manganese,
molybdenum, tin and zinc. Nickel and vanadium probably are
essential also, and it is possible that barium can be beneficial
under certain conditions. The metals, keryllium, cadmium, lead,
mercury and silver are believed not to ke essential to humans.

Elements that are beneficial in small quantities often
exhibit toxic properties when ingested in excessive amounts or
concentrations. In assessment of the adverse health effects of
such materials it is important not to overlook deficiency
problems that might be encountered if the substances were to be
completely eliminated from water sugglies.

Trace metals, usually in the form of ions, occur in water
both as a result of natural processes and as a consequence of
man®'s activities. Ground waters, because of long contact with
rocks and mineralized soils, usually ccptain greater
concentrations of trace metals than surface waters. There is
considerable temporal and spatial variation in concentrations of
trace metals in surface waters. Generally, the trace metal
concentrations of rivers tend to increase from source to mouth,
and to vary inversely with discharge.

Of the 16 metals studied, the relative contribution of man's
activities to the concentrations found in water supplies can be
rated roughly as follows: very great--cadmium, chromium, copper,
mercury, lead and zinc; high--silver, karium, molybdenum, tin;
moderate-beryllium, cobalt, manganese, nickel and vanadium; low=--
magnesium.

Other important sources of trace metals in drinking water are
chemicals used in water-treatment processes and pickup of
metallic ions during storage and distrikution. Although a large
fraction of the United States population continues to receive
water from ground sources or from impounded upland sources
without treatment other than disinfection, most large surface
supplies are subjected to treatment that includes coagulation,
sedimentation, filtration, and disinfection. Should trace metals
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occur in the raw water supply, these normal water-treatment
processes have either no effect or an uncertain one on the usual
low-level concentrations of these metals. Moreover, probable
trace metal impurities in the technical-grade chemicals used to
treat water may introduce additional amounts.

A wide variety of materials including several metals, alloys,
cements, plastics, and organic compounds are used in the pumps,
pipes fittings, and reservoirs of distribution and plumbing
systems. Reactions, particularly of soft, low-pH waters, with
materials of distribution system often have produced much greater
concentrations of iron, copper, zinc, lead and cadmium at the tap
than those at the treatment plant.

Adverse health effects associated with trace metals depend
upon the total intake from all sources - food, air and water. As
a general rule concentrations of trace metals in foodstuffs
greatly exceed those found in drinking waters. Because the diet
of most of the United States populaticn is increasingly varied
and comes from diverse geographical sourxces as a result of modern
food-distribution practices that counterbalance local excesses or
deficiences, the dietary intake of trace metals exhibits
relatively small variation throughout the United States. This
factor is helpful in evaluation of maximum no-observed-adverse-
health-effect concentrations for drinking water.

Airborne exposure to trace metals other than lead is largely
occuaptional, occurring through the inhalation of industrial
dusts or fumes. At present there is more general exposure to
lead from motor-exhaust fumes although evidence for acute and
chronic health effects is derived from occupational exposures.
Because the data relate primarily to healthy adults, caution must
be observed in extrapolating these data to the general public.

All the trace metals studied are known to exhibit toxic
effects at some level of intake. Many of these effects are
observed, however, only at concentrations greater than the maxima
that have been found in drinking water. To include such
materials in primary drinking-water standards, with the
accompanying requirement for mandatory surveillance, does not
confer any health benefit. Augmentation of the natural
concentrations of these trace elements to values of concern can
be avoided most readily by preventing discharge of tne
contaminants into water sources.

In addition to the trace metals mentioned above, the effects.
on health of several other inorganic constituents of drinking
water were also studied. These include sodium, arsenic,
selenium, fluoride, nitrate and sulfate. The relationship
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between water hardness and health was also considered. The
findings on these topics are summarized individually below.

Barium. It is rare to find barium in drinking water at a
concentration in excess of 1 mg/liter kecause of the low
solubility of barium sulfate. Natural and treated waters usually
contain sufficient sulfate so that more than 1-1.5 mg/liter of
barium cannot be maintained in solution.

Acid-soluble barium salts are very toxic, whereas insoluble
compounds are benign. There has been no determination of the
chronic effects of low levels of barium ingested over a long
period of time.

The Interim Primary Standard of 1 mg/liter for barium has
been based on extrapolation from effects of industrial exposure
to dusts of soluble barium salts. Insufficient data are
available to estimate maximum no-observed-adverse-health effect
concentrations on the basis of water intake. The limit of 4
mg/liter of the U.S.S.R. is based on ¢rganoleptic factors.
International and European Standards Qf the World Health
Organization (WHO) do not list barium.

It is recammended that animal studies involving long-term
low-level ingestion of barium salts in water be carried out to
determine possible health effects.

Beryllium. Because the oxide and hydroxide are relatively
insoluble at the usual range of pH, keryllium is unlikely to
occur in drinking water at more than trace concentrations. The
sulfate and chloride are very soluble, kut they hydrolyze quickly
to the insoluble hydroxide.

Beryllium produces acute or chronic toxicity in animals when
ingested continuously as beryllium sulfate in food in amounts
greater than 10-20 mg/kg/day, Or in water at concentrations
greater than 5 mg/liter. Soluble beryllium has been shown to be
transported in the bloodstream to bone, and to be able to induce
bone cancer in animals, but the data are insufficient to allow
estimation of risk.

Prolonged inhalation of dusts containing beryllium is known
to produce pulmonary sarcoidosis. However, increased incidence
of lung cancer has not been found among workers exposed to dusts
containing beryllium.

No maximal allowable concentration for beryllium has been
listed in the Interim Primary Drinking Water Regulations, nor has
the WHO recommended a maximum limit. The U.S.S.R., however, has
set a limit of 0.2 pg/liter. Until now the maximum concentration
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of beryllium found in U.S. surface waters has been 1.2 upg/liter
and in finished U.S. drinking waters has been 0.17 upg/liter.
Only 1.7% of drinking water supplies examined have been found to
contain beryllium.

Additional studies of the frequency of occurrence and
concentrations of beryllium in natural waters are needed to
determine the extent to which it presents a hazard to health.

Cadmium. Cadmium is not known to ke an essential or
beneficial element. It has been found in 2-3% of U.S. surface
waters, generally in concentrations not exceeding a few
micrograms per liter because solubilities of cadmium carbonate
and hydroxide are low at pH greater than 6. Only 0.1% of the
supplies in the Community Water Supply Survey showed cadmium in
excess of 10 pug/liter. In addition to its geological sources,
cadmium enters water from the discharge of plating wastes and by
corrosion of plumbing.

Food is the primary source of cadmium intake. Total daily
intake from air, water, food and tobacco ranges from 40 ugs/day
for the rural nonsmoker on a low cadmium diet to 190 ug/day for
the urban smoker on a high cadmium diet. Drinking water
contributes only a small fraction (<5%) to this total intake.

Chronic ingestion of cadmium at levels greater than 100
pug/day, in combination with several cther necessary predisposing
factors, was found to be responsible for the onset of "Itai-Itai"
disease in Japan. Dietary intake of amounts in excess of a
milligram per day is needed for appearance of acute toxicity.
Major toxic effects are on the kidney; data indicate that the
toxicity of cadmium is related to the zinc:cadmium ratio within
the organs. Both zinc and calcium may protect against cadmium
toxicity. Persons deficient in these elements, and especially
lactose-intolerant persons, who are also likely to be calcium-
deficient, may constitute a high-risk group relative to cadmium.
Some animal studies have shown carcinogenic and teratogenic
effects, but dose-response relationships are unknown. Cadmium
has also been implicated as a factor in hypertension.

Insufficient data are available for establishment of a
maximum no-observed-adverse-health-effect value. It may be
noted, however, that consumption of two liters/day of water
containing 10 upg/liter of cadmium would contribute only about 20%
of the normal total daily adult intake. Both the WHO and the
U.S.S.R. have set the maximum allowakle limit for cadmium at 10
ug/liter.

Chromium. Microgram amounts of chromium, derived primarily
from food, are essential for maintenance of normal glucose
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metabolism. But chromium (VI) is known to be toxic, principally
on the basis of information from resgpiratory occupational
exposures. Increased risk of lung cancer among those
occupationally exposed to chromium (VI) has been established.

Although inhaled hexavalent chromium may cause cancer of the
respiratory tract, a working group of the International Agency
for Research on Cancer concluded "there is no evidence that non-
occupational exposure to chromium constitutes a cancer hazard."

Concentrations of chromium found in natural waters are
limited by the low solubility of chromium (III) oxides. A study
of more than 1,500 surface waters showed a maximum chromium
content of 0.11 mg/liter, with a mean of 0.01 mg/liter.

Little information is available akout the average total daily
intake of chromium in the United States, although it appears to
be in the range of 60-280 ug/day. It has been suggested that
diets containing mostly processed foods may be chromium-
deficient. Tissue chromium in U.S. adults has been shown to
decline with age.

In addition to the beneficial effect of chromium on glucose
metabolism, some animal studies indicate that chromium deficiency
may induce atherosclerosis.

Toxicity of chromium depends on the valence. No toxic
effects were observed in rats when drinking water contained 25
mg/liter of trivalent chromium for a year or 5 ug/liter for life.
Acutely toxic doses of trivalent chromium fall in the range of
grams per kilogram of body weight. Hexavalent chromium was also
tolerated at the 25 mgs/liter level for a year by rats. Dogs
showed no effects with 11 mg/liter over a 4-year period. Higher
doses are toxic, however, producing erosion of the
gastrointestinal tract and kidney lesions.

The maximum limit of the Interim Primary Drinking Water
Regulations, 0.05 mg/liter, is only one-hundredth of the maximum
no-observed-adverse-health effect concentration. The European
Standards of the WHO and Japanese Standards give the same limit
as acceptable, but set it in terms of hexavalent chromium only.
The U.S.S.R. has limits of 0.1 mg/liter chromium (VI) and 0.5
mg/liter total chromium, based on organoleptic factors.

More information is needed on the carcinogenic potential of
ingested chromium (VI) and chromium (III). If it becomes clear
that highly toxic or carcinogenic effects occur only with
chromium (VI), and a suitably sensitive analytical technique is
available, then the standard might ke set for chromium (VI)
alone. In view of the trend in the United States toward dietary
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chromium deficiency, and the suggestion that chromium protects
against atherosclerosis, it seems advisable to determine whether
concentrations greater than that prescribed by the current
drinking-water regulations are without adverse health effects, as
some animal experiments suggest.

Cobalt. Cobalt is an essential element as a component of
vitamin B;,. Excessive intake of cobalt may be toxic, however,
as shown by the association of congestive heart failure with the
consumption of beer containing about 1.5 mg/liter of cobalt.

Cobalt has been observed in natural waters only in trace
amounts. Most waters contain no detectable cobalt, and values
greater than 10 pg/liter are rare. The maximum concentration
recorded in several extensive studies was 99 ug/liter.

The major source of cobalt is food; concentration in green
leafy vegetables may be as great as 0.5 mg/kg dry weight.
Normally, less than 1% of total intake of cobalt is derived from
agqueous sources.

Acute toxic effects in animals have been observed only at
daily doses greater than several mg/kg of body weight. Chronic
cobalt toxicity has been observed in children taking cobalt
preparations to correct anemia at daily doses of 1-6 mg/kg body
weight.

The Interim Primary Drinking Water Regulations do not list
cobalt, nor has the WHO recommended a limit in its International
or European standards. The U.S.S.R. has set a limit of 1.0
mg/liter,

Because the maximum no-observed-adverse-health-effect
concentration is more than an order of magnitude greater than
that found in any natural water or drinking water supply, there
appears to be no reason at present to regulate the concentration
of cobalt in drinking water.

Copper. Copper is an essential element for both plants and
animals; it is a component of several enzymes that perform
important physiological functions.

Copper is a minor constituent of natural waters. 1In a survey
of 1,600 surface waters of the United States, the concentrations
were 1-280 upg/liter. Corrosion of copper piping may increase
concentrations in drinking waters to several mg/liter. Copper
may also be released into water in industrial discharges, and has
been used for algal control in reservoirs at a few tenths
milligram/liter.


http://www.nap.edu/catalog.php?record_id=21354

26

Average total intake of copper is akout 2.5 mg/day, 8O that
when water contains more than 1 mg/liter of copper, the intake
from water may equal or exceed that from food.

The general health hazard from copper intake at a few
milligrams/liter appears to be small, kut a few people are
adversely affected by ingestion of even trace amounts of copper.
This disorder of copper metabolism, called Wilson's disease, can
be arrested by the use of chelating agents. Individuals with
deficiency of glucose-6-phosphate dehydrogenase may be sensitive
to copper.

The USPHS Drinking Water Standards (1962) recommended a limit
for copper of 1 mg/liter based on organoleptic rather than health
effects. Because no general adverse health effects have been
observed at the organoleptic limit and kecause the few
individuals with metabolic deficiency are at the mercy of total
copper intake rather than copper in water, there is no hygienic
reason to impose a limit lower than the presently accepted
secondary standard.

Lead. No beneficial effects of lead on human or animal
development have yet been found. Although acute lead poisoning
is rare, chronic lead toxicity is severe and occurs even with low
daily intake (< 1 mg) because of its accumulation in bone and
tissue.

The natural lead content of surface waters is generally
small. In a survey of nearly 1,600 raw surface waters 20% were
found to contain detectable concentrations of lead and these had
a mean value of 0.023 mg/liter. The lead concentration in
municipal supplies at the tap may be much greater, however, for
soft, low-pH (aggressive) waters dissolve lead from service
connections, lead-lined household pifping or soldered joints.
Lead concentrations in excess of the interim level of 0.05
mg/liter were found in 1.4% of the water systems examined in the
Community Water Supply Survey. The maximum value was 0.64
mg/liter.

The mean concentration of lead in U.S. drinking waters has
been estimated to be 0.013 mg/liter. Consumption of 2 liters/day
per capita gives a mean daily intake of 26 ug.

Lead intake from food varies greatly; mean daily values are
estimated to be 100-300 ug per capita for adults. Average intake
in water is considerably less than that from food, but when the
concentration in water is close to or exceeds the interim level
of 0.05 mg/liter, intake in water apgroaches that from food.
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Absorption of lead from dietary sources, either food or
water, is estimated to be about 10% for adults. Daily lead
absorption fram food is, then, 10-30 upg, while absorption from
water ranges from an average of 3-10 pg or more, when water
containing 0.05 mg/liter or greater is ingested at 2 liters/day.

The daily intake from air also ranges widely, and is greatest
among city dwellers. For a daily inspiration volume of 20 m3 for
adults and a lead concentraticn of 3 pug/m3 in urban air, the per
capita daily intake is 60 pug. Absorption from air is about 40%,
however, so that the daily quantity aksorbed is 24 ug, a value
comparable with the dietary absorption.

The sum of the estimated absorptions from the various routes,
50-60 upgs/day, is already at the maximum no-observed-adverse-
health-effect value of 50-60 pg/day.

Children, and especially inner-city urban children, are a
special risk group with regard to lead toxicity. A primary
reason is that absorption of lead from food and water is 40-50%
for 2-3 year old children, rather than the 5-10% characteristic
of adults. Also, water intake per kilgogram of body weight is
considerably greater for young children than for adults.
Moreover, lead concentrations in urban air increase with
proximity to the ground, so that urban children tend to have
increased intake from this source. Young children also have the
added risk of ingestion of flaking lead-based paints especially
in derressed, older, urban areas.

Dietary lead intake for a 2-year old child (12 kg) has been
estimated to be 100 pgs/day (8.3 pg/kgsday); with water at the
present 0.05 mg/liter limit and a consumption of 1.4 litersday,
and with air intake about 18 ug/day, the estimated total intake
for a 2-year old would be close to 190 ugsday, not including
othexr possible sources.

Major chronic adverse effects of lead are produced in the
hematopoietic system, central and peripheral nervous systems, and
kidneys. Disturbance in heme synthesis is considered to be the
most sensitive effect. There is a detectable increase in red-
cell protoporphyrin in women and children with blood lead
concentrations greater than about 25-30 ug/dl (micrograms per
deciliter). For men occupationally exposed, the maximum no-
observed-adverse-health effect level agppears to be somewhat
greater at 50-60 pgr/dl.

Results of studies in the Boston area indicate that increased
blood levels of lead occur in children when the water supply
contains 0.05-0.1 mg/liter of lead. Thus, the interim limit of
0.05 mg/liter may not provide a margin to safeguard the high-risk
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population in urban areas. The WHO recommendation of 5 ug of
lead per kgs/day as a safe total daily intake cannot be met for a
12 kg child when the water supply contains as much as 0.05
mg/liter. It is concluded that the no-observed-adverse-health-
effect level cannot be set with assurance at any value greater
than 0.025 mg/liter.

Manganese. Manganese resembles iron in its chemical behavior
and occurrence in natural waters, but is found less frequently
and usually at lower concentrations than iron. Manganese, like
iron, is an essential trace nutrient for plants and animals. It
is not known whether human manganese deficiency occurs in the
United States. The solubility of the several oxidation states of
manganese (II, III, and IV) depends ugon pH, dissolved oxygen,
and the presence of complexing agents. Occasionally, deep lakes
or impounding reservoirs that contain organic sediments under
anerobic reducing conditions can distrikute several mg/liter of
Mn+2 throughout the water body during "turnover"™ mixing.
Normally, however, the concentration of manganese in natural
surface waters is less than 20 ug/liter.

Manganese can be absorbed by inhalation, ingestion, and
through the skin; the consequences of this have been recently
reviewed in depth by the National Academy of Sciences. It has
been known that the occupational inhalation of manganese dusts
results in a disease of the central nervous system resembling
Parkinsonism, and a form of pneumonia.

Ingestion of manganese in moderate excess of the normal
dietary level of 3-7 mg/day is not considered harmful. A
reported outbreak of manganism in Japan was attributed to
drinking well water containing about 14 mg/liter of manganese.

The maximum concentration of manganese found in the 1975
Survey of Interstate Water Supply Systems was 0.4 mg/liter except
for samples from two Alaskan airports which showed 1.0 and 1.1
mg/liter. A total of 669 suprlies were examined. Similarly, the
maximum concentration found in the 1969 Community Water Supply
Survey was 1.3 mg/liter from 969 supgplies. Both these maximum
concentrations are an order of magnitude less than minimum
concentrations at which adverse health effects are observed.
Moreover, even with manganese at 0.4 mg/liter the intake of
manganese from water would be only akout 15% of the normal total
dietary intake of manganese.

Because concentrations of manganese found in water supglies
are much less than those at which adverse health effects have
been observed and because the regulation of manganese for
esthetic and economic reasons is alsc far more stringent than


http://www.nap.edu/catalog.php?record_id=21354

29

would be required for reasons of health, there seems little need
to establish a maximum no-observed-adverse-health-effect value.

Magnesium. Magnesium is an essential element in human,
animal, and plant nutrition. It is geologically ubiquitous and
its salts are widely used industrially. The average U.S. adult
ingests between 240-480 mg/day of magnesium. Magnesium intake
from 3.6-4.2 mg/kg of body weight is kelieved to be adequate to
maintain magnesium balance, which is closely regulated by normal
kidneys. The median concentration of magnesium in the water of
the 100 largest U.S. cities was reported at 6.26 mg/liter with a
maximum of 120 mg/liter. It can be greater, especially in arid
western states.

An excess of magnesium in the diet is seldom harmful, for it
is generally excreted promptly in feces. High concentrations of
magnesium sulfate in drinking water have a cathartic effect on
new users, but a tolerance is soon acquired. Excessive magnesium
in body tissues and extracellular fluids occurs only as a result
of severe kidney malfunction. Magnesium deficiency in humans may
occur in alcoholics, persons performing hard labor in hot
climates (because magnesium is excreted in perspiration), those
with certain endrocrine disturkances, and patients using potent
diuretics. Such deficiencies can best ke overcome by oral
administration of magnesium compounds.

The National Interim Primary Drinking Water Regulations
contain no limit for magnesium, nor did the 1962 USPHS Drinking
Water Standards. The U.S.S.R. has set no limit, but the WHO has
recommended a maximum of 150 mg/liter. In view of the fact that
concentrations of magnesium in drinking water less than those
that impart astringent taste pose no health problem and are more
likely to be beneficial, no limitaticn for reasons of health
appears needed,

Mercury. Mercury is a comparatively rare element. Its
inorganic compounds are relatively insoluble and can exist in
solution only in extremely small concentrations under natural
conditions. Recent measurements show that only 4% of water
supplies contain mercury at concentrations greater than about 1
pg/liter and only one of these exceeds the current standard of 2
ug/liter. Industrial use of mercury has resulted in increased
environmental contamination. The health effects on populations
occupationally exposed to mercury and mercury compounds have long
been recognized, but contamination of the general environment is
of recent origin.

Inorganic mercury in bottom sediments can be transformed
biochemically to injurious methylmercury or other organic
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mercurial compounds. The organic form readily enters the food
chain with concentration factors as great as 3000 in fish.

Several investigators have estimated the blood levels of
mercury at which identifiable symptoms of mercury intoxication
occur. These levels may be obtained with a steady mercury intake
of from 4-14 ug/kg/day. This would ke 240 - 840 upg/day for
adults and 80 - 280 ugs/day for children.

It is estimated that the normal diet contributes about 10
pg/day of mercury. With daily intake of 10 ug from food and 4 ug
from water it appears that there is considerable margin of
safety. However, those individuals regularly consuming fish from
contaminated areas may exceed the normal intake by a factor of
three or more and thus constitute a high-risk population.

There is no indication that concentrations of mercury in
drinking water or air have contributed in any significant way to
methylmercury intoxication of the general population. The
interim level limits the daily intake to 3 - 4 ug/day. Nearly
all public water supplies in the United States contain less than
1 pg/liter of mercury. The WHO has set no limit and the U.S.S.R.
has a maximum permissible concentration of 5 ug/liter.

Molybdenum. Soluble molybdate iopns are present in trace
concentrations in many surface waters, primarily as a result of
discharge of industrial wastes but alsc as a product of natural
weathering of molybdenum-bearing soils. Both suspended insoluble
molybdenum disulfide and soluble molykdates are present in
streams draining areas where molybdenum ore is mined and
processed, especially in Colorado and New Mexico.

Typical diets contain on the order of 100 - 1,000 umg/kg,
whereas typical surface waters (except those draining mining
areas) contain less than 100 ug/liter, with median values about
10 ug/liter. Hence, in most locations, water is a minor factor
in the total molybdenum intake. However, some finished waters
are reported to contain as much as 1.0 mg/liter, and so may
provide as much as 2,000 pugs/day of molykdenum. More information
is needed about adverse health effects cf molybdenum at these
levels to deal properly with such sugglies.

Molybdenum poisoning has rarely keen observed in humans.
Although it has been implicated for gout in Armenia and for a
bone-crippling disease in India, more information is needed to
establish cause-and-effect relationshirs.

Molybdenosis in livestock is a significant toxicological
problem in many areas of the world. Consumption of molybdenum-
rich forage by cattle and sheep causes severe diarrhea
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(scouring), whih sometimes results in death. It can be prevented
or alleviated by the administration cf copper.

The U.S.S.R. has established a limit for molybdenum of 0.5
mg/liter in open waters, but the WHO has not promulgated a limit.

Nickel. Nickel may occur in water from trace concentrations
of a few micrograms/liter to a maximum of 100 ug/liter. At these
levels the daily intake of nickel from water ranges from less
than 10 pg/day to a maximum of 200 ugs/day, as compared to a
normal food intake of 300-600 upgs/day. Available information
indicates that nickel does not pose a toxicity problem because
absorption from food or water is low. The principal reason for
considering nickel stems from epidemiological evidence that
occupational exposure to nickel compounds through the respiratory
tract increases the risk of lung cancer and nasal-cavity cancer.
There is difficulty in separating the effect of nickel from the
effects of simultaneous inhalation of other carcinogens including
arsenic and chromium,

Because of the generally low concentration of nickel in
drinking water and its reported low oral toxicity, there is no
present need to set primary health effect limits for nickel in
water. WHO and the U.S.S.R. have set no standards for nickel in
drinking water,

Silver. Trace amounts of silver are found in some natural
waters and in a few community water supplies. It has not been
detected at levels exceeding the interim standard of 50 ug/liter.
Colloidal silver consumed in large doses--several hundred mg/kg
of body weight can cause anemia and possibly death. The main
chronic effect in man is "“argyria". Argyria is a cosmetic defect
once caused through medical or occupational exposure to silver
preparations. Dosages of from 1 - 5 g of silver are sufficient
to produce this syndrome.

On the assumption of 50% aksorption of silver, consumption of
2 liters/day of water containing 0.005 mg/liter of silver would
result in an accumulation of 1 g of silver over 55 years.

Silver ion has not been detected in water supplies in
concentrations greater than half the no-observed-adverse-health-
effect level.

Iin. There is some indication that tin may be a beneficial
micronutrient, although it has not keen conclusively demonstrated
that tin is an essential trace element in human nutrition.
Inorganic tin is relatively non-toxic, kut organotin ompounds can
be toxic at high concentrations. Indeed, they are used as
fungicides, insecticides, and anthelminthics.
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Tin has seldom been determined in natural or municipally
treated water. The few available data generally show
concentrations of the order of 1-2 pgs/liter. In contrast, tin is
present in most natural foods, and especially in canned products,
to the extent that the normal human ingestion varies from 1.0 -
30 mg/day which is three or more orders of magnitude higher than
the probable amount in a liter of tafp water.

EPA has not set a limit for tin in its National Interim
Primary Drinking Water Regulations. 1In view of the foregoing
considerations, no regulation seems necessary.

Vanadium. Vanadium is a trace metal which has been
introduced into the environment in large quantities. Fresh
surface waters show concentrations in the 2 - 300 pg/liter range,
but with low frequency of detection. The data are limited on
concentrations in finished drinking waters, but vanadium
concentrations up to 19 ug/liter have keen reported.

Occupational exposure to pentoxides and trioxides of vanadium
leads to ear, nose and throat irritation and generally impaired
health. The consequences of exposure to vanadium in air, water
and food have been reviewed recently. There is no evidence of
chronic oral toxicity.

Vanadium is considered a beneficial nutrient at ug/liter
levels, and has been suggested as protective against
atherosclerosis.

Zinc. Concentrations of zinc in surface water are correlated
with man's activities and with urban and industrial runoff. The
solubility of zinc depends upon the pH of the water.
Concentrations ranging from 2 - 1200 ug/liter were detected in
77% of 1577 surface water samples and 3 - 2000 upg/liter in 380
drinking waters.

Zinc is relatively nontoxic and is an essential trace
element. Recommended minimum intake levels are 15 mg/day for
adults and 10 mg/day for children over one year of age. A wide
margin of safety exists between normal intake from the diet and
doses likely to cause oral toxicity. Concentrations of 30
mg/liter or more impart a strong astringent taste and a milky
appearance to water. Some acute adverse effects have been
reported from consumption of water containing zinc at 40 - 50
mg/liter. There are no known chronic adverse effects of low-
level zinc intake in diet, but human zinc deficiency has been
identified.

The proposed EPA secondary maximum contaminant level is 5
mg/liter,
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Sodium. Sodium ion is an ubiquitous constituent of natural
waters. It is derived geologically from the leaching of surface
and underground deposits of salts such as sodium chloride, from
the decomposition of sodium aluminum silicates and similar
minerals, from the incorporation of evaporated ocean spray
particles into rainfall and from the intrusion of sea water into
fresh water aquifers. Sodium chloride used as a deicing agent on
roads enters water supplies in runoff from roads and storage
depots. This added sodium chloride amounting to 9 mallion tons
in 1970, is distributed throughout the snow belt of the northern
U.S. and is most heavily concentrated in metropolitan areas.

A survey of 2,100 supplies, covering approximately 50% of the
population of the U.S., was carried out in 1963-1966. The
concentrations of sodium ion found ranged from 0.44 to 1,900
mg/liter. About 42% of the supgplies had sodium ion
concentrations in excess of 20 mg/liter and nearly 5% had
concentrations greater than 250 mg/liter.

Few studies of habitual sodium ion intake by healthy adults
in the U.S. have been reported. Such data as have been reported
are based on measurement of sodium excretion in 12- or 24-hour
urine collections. Wide variations occur among individuals and
in the same individual from day to day. One study reported a
mean 24-hour excretion of 4,100 mg, with a range from 1,600 to
9,600 mg, in 71 working adult males in New York. Another study
reported a mean sodium excretion near 2,800 mg/ 24 hours in 171
black women ranging in age from 35 to 44 years. Infants have
been estimated to excrete 69 - 92 mg/kgsday.

Sodium chloride is added to many foods during processing.
Additional sodium chloride is often added during cooking, and
again at the table. None of this is essential, for habitual
intake of sodium bears no relationship to physiological need.
Healthy individuals have been shown to maintain sodium balance on
an intake of less than 2,000 mg/24 hours while sweating 9
liters/day. A variety of pre-industrial societies, in widely
divergent habitats (for example, tropical jungle, desert, arctic)
subsist for generations on sodium intake less than 1,000 mg/day
and show no evidence of sodium deprivation. Requirements for
sodium in growing infants and children are estimated at less than
200 mg/day.

It thus appears that habitual intake of sodium in adults in
the United States often exceeds body need by tenfold or more.
Evidence that this excessive intake may have harmful consequences
is summarized in the detailed report.

Specification of a "no-observed-adverse-health-effect" level
in water for a substance such as sodium, for which the effect is
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associated with total dietary intake and for which usual food
intake is already greater than a desirakle level, is impossible.

Since adult fluid intake averages 1.5 - 3 liters/day, sodium
intake from drinking water repesents less than 10% of the
habitual total intake of 3000 - 4000 mg so long as the sodium
content of the water does not exceed 200 mg/liter. Adverse
health effects may be anticipated with sodium concentrations in
water greater than 20 mgs/liter only for that special risk group
restricted to total sodium intake of 500 mg/day, because it is
not feasible to reduce intake from food below 440 mg/day. For
this group, whose diets must be medically supervised, knowledge
of the sodium ion concentration of the drinking water permits
prescription of bottled water low in sodium when necessary.

A larger proportion of the population, about 3%, is on
sodium-restricted diets that require sodium intake of less than
2000 mgsday. The fraction that can ke allocated to water varies,
depending on medical judgment in individual instances. Knowledge
of the sodium ion content of the water supply and maintenance of
it at the lowest practicable concentration is clearly helpful in
arranging diets with suitable sodium intake. In many diets
allowance is made for water to contain 100 mg/liter of sodium.

It appears that at least 40% of the population would benefit
if total sodium ion intake were maintained at less than 2,000
mg/day. Provided that sodium ion copncentration in the water
supply were less than 100 mg/liter, the contribution of water to
the desired total intake of sodium would be 10% or less at a
daily consumption of two liters.

Arsenic. Arsenic is not known to be essential to humans, nor
are there known beneficial effects from its ingestion in any
form, even though a number of arsenic compounds, principally
organic, have been used medicinally for treatment of a number of
diseases. Minimization of intake is, therefore, desirable.

Trace concentrations of arsenic are rather widely distributed
in natural waters of the United States. Surface water surveys
have indicated that 20 to 25% contain arsenic in excess of the
detection limit of 10 pg/liter, and that concentrations as great
as 1,000 upg/liter occur. Concentrations as great as 1,400
pg/liter have been reported for ground waters. Enhanced values
for arsenic content have been encountered in the vicinity of
smelters, and in connection with dumping or spills of arsenical
pesticides.

Other sources of human intake of arsenic include residues of
arsenical insecticides on fruits and vegetables, naturally
occurring arsenic in food products such as shellfish, residual
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dietary organic arsenicals in pork and poultry, and inhalation of
dusts containing arsenic from occupational or environmental
contamination. The median total intake of arsenic from all
sources in the United States has been estimated to be 137-330

pg/sday.

The toxicity of arsenic depends greatly on chemical form,
route of exposure, and the rate and duration of exposure.
Arsines and trivalent inorganic arsenic (arsenite), are the most
toxic forms. The lethal oral dose of sodium arsenite lies in the
range 1-25 mgs/kg; arsenic trioxide is one-third to one-tenth as
toxic, and pentavalent arsenic and organic arsenicals are less
than one-tenth as toxice.

Chronic or sub-acute toxicity of arsenic has keen observed
with ingestion of a few milligrams per day for two weeks or
longer. Initial symptoms are skin erythrema, edema and
pigmentation, gastrointestinal and neurological disturbances.
Similar symptoms have been observed in several populations that
use water containing 100 - 1000 pg/liter of arsenic. Other
conditions attributed to excessive human intake of arsenic
include neuropathy, increased heart attacks, and vascular injury
leading to gangrene and "Blackfoot." Industrial exposures, by
inhalation or skin contact, sufficient to cause serious effects
on health, have been reported in the United States and several
other countries.

Human exposure to inorganic arsenic compounds has been linked
to development of cancer of the skin, respiratory system, and
gastrointestinal tract. However, animal studies have not shown
arsenic compounds to be carcinogenic even when administered at
the maximally tolerated dosages for long periods of time. This
absence of positive results from controlled animal studies makes
it impossible to estimate quantitatively a risk of cancer from
intake of arsenic in any form or concentration.

Arsenic compounds are fetotoxic in animals at high doses, and
teratogenic at lower doses. They have also been found to be
mutagenic and are associated with chrQmosomal aberration in man.

There is speculation that interactions between arsenic and
heavy metals or between arsenic and irritating substances, such
as sulfur dioxide, may be important in determining overall
effects on humans exposed to mixtures of these environmental
contaminants. Arsenic has been found to protect against selenium
poisoning in some circumstances, but under other conditions
selenium and arsenic appear to be additive in toxicity.

The maximum no-observed-adverse-effect-level for arsenic in
water is less than 100 pg/liter. The current mandatory U.S.
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drinking water limit of 50 upg/liter provides only a meager margin
of safety. Intake from 2 liters/day of water containing 20
pg/liter is slightly greater than 10% of the median total intake
of arsenic. The present WHO limit is 50 pgs/liter, as it is in
the U.S.S.Re.

A research program should include:

1. Improvement of analytical techniques and methodology for
better adaptability to water and foods. (Definition of
chemical form is required.)

2. Epidemiological and analytical studies of the
distribution of the various fcrms of arsenic in water at
low concentrations, and relationship to disease
patterﬂa °

3. Development of a suitable animral model for long-term
studies of arsenic toxicity at low levels.

4. Intensive studies on the metakolism of arsenic in
mammalian systems.

5. Studies on the interaction of arsenic with other trace
elements in the environment, such as Se, Cu, Zn.

Selenium. Either a deficiency or an excess of selenium can
result in adverse responses. Selenium is an essential nutrient,
part of the enzyme glutathione peroxidase, and may have a role in
other biologically active compounds. It is a detoxifying agent
for heavy metals, especially cadmium, and in some circumstances
acts antagonistically to arsenic. On the other hand chronic
exposure to excess selenium results in dermatitis, central
nervous system and gastrointestinal disturbances. Large doses
cause acute toxicity or death.

Most natural waters contain only minute concentrations of
selenium, less than 10 upg/liter, but in regions with seleniferous
soils concentrations in water may reach several hundred
micrograms per liter, particularly for well water. One surface
water receiving irrigation drainage from seleniferous soils has
been found to contain 2000 upg/liter.

Most selenium intake normally is from food. Concentrations
in foodstuffs vary widely, depending on the type and the selenium
content of the soil in which the crofp was grown. Cereals, meats,
and seafoods are likely to be major contributors, with average
concentrations of a few tenths of a mg/kge Minimum nutritional
requirements for selenium have been estimated to be 1 mg/month.

Industrial exposure to selenium may occur in copper refining,
in the mining and milling of lead, zinc, phosphate, or uranium,
in the manufacture of glass, ceramics, electronic devices and
pigments, and as a result of coal or oil combustion. Atmospheric
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pollution and general respiratory intake may also occur in the
neighborhood of these industries.

Both inorganic and organic forms of selenium are readily
absorbed from the gastrointestinal tract of animals. Selenite
and selenate are distributed largely to the liver, kidneys,
muscle mass, gastrointestinal tract, and blood. The principal
route of excretion of selenium is in the urine, mainly as
trimethyl selenonium ion.

Most indications of the health effects of selenium are
derived from animal studies; the number of reports of industrial
or accidental exposures to toxic levels is limited. The severity
of response depends on the chemical form of selenium, hydrogen
selenide being most toxic. Symptoms of selenium toxicity in
animals include gastroenteritis, myocardial damage, hydrothorax,
pulmonary edema, and renal and liver damage.

Sodium selenite is toxic to rats at concentrations of 6 to 9
mg/liter in drinking water; concentrations less than 1 mg/liter
are without observed toxic effect. .

Cited evidence for carcinogenic effects of selenium is
tenuous because of poor experimental design or protocol, and nas
not been confirmed in properly conducted studies.
Epidemiological and demographic studies tend to suggest a
protective effect of selenium against certain types of cancers,
as do statistical data comparing sheer on selenium-supplemented
diets with those on normal diets. There are no reports of
mutagenicity of selenium.

Although the WHO limit on selenium, like the EPA-proposed
maximum contaminant level, is 10 upg/liter and the U.S.S.R. limit
is 1 pg/liter as Sel3, most evidence indicates that there is
greater overall potential for selenium deficiency than for
selenium toxicity at current levels of selenium intake. The
maximum no-observed-adverse-health-effect level for selenium in
water is at least 100 pg/liter and appears to be as great as 500
pg/liter. A concentration of 20 upg/liter just barely provides a
minimum nutritional amount of selenium with a consumption of 2
literssday.

A research program should include:

1. Development of more rapid, accurate and reproducible
analytical methods to provide qualitative and ,
quantitative assays of chemical forms, oxidation state,
and solubility of water.

2. Improved systems for monitcring selenium in the
environment (water, air, food).
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3. Molecular transformations of selenium compounds in
mammalian systems.

4. Interactions between selenium, mercury, cadmium,
arsenic, and other trace elements and heavy metals in
the biosphere and in animal orxrganisms.

5 Determination of natural and industrial emissions and
cycling of selenium in the environment.

6. Effects on animal systems of long-term, low levels of
selenium, alone and in combination with other trace
elements.

7. Baseline data on selenium levels in humans in health and
disease.

8. Effects of deficiency or excess of selenium on the
development of animal tumors.

9. Studies of the variation in human nutritional
requirements for selenium.

Fluoride. Fluoride is found widely in water supplies, but
the concentration is usually not great enough to be undesirable.
The maximum concentration found for the 969 supplies studied in
the 1969 Community Water Supply Survey was 4.4 mg/liter. Most
supplies that were not intentionally fluoridated had fluoride
concentrations less than 0.3 mg/liter.

A more extensive survey by the Dental Health Division of the
U. S. Public Health Service showed that more than 2,600
communities with a population of 8 million people have water
supplies with more than 0.7 mg/liter of naturally occurring
fluoride. Most of these communities are in Arizona, Colorado,
Illinois, Iowa, New Mexico, Ohio, Oklahoma, South Dakota, and
Texas. Of these, 524 communities rerresenting 1 million people
had supplies with fluoride concentrations greater than 2
mg/liter.

Small amounts of fluoride, on the order of 1 mg/liter,
depending on the environmental temperature, in ingested water and
beverages, are generally conceded to have a beneficial effect on
the rate of occurrence of dental caries, particularly among
children.

Two forms of chronic toxic effects are recognized generally
as being caused by excess in intake of fluoride over long periods
of time. These are mottling of tooth enamel or dental fluorosis,
and skeletal fluorosis. In both cases, it is necessary to
consider the severity since the very mild forms are considered
beneficial by some. The most sensitive of these effects is the
mottling of tooth enamel, which, derending on the temperature,
may occur to an objectionable degree with fluoride concentrations
in drinking water of only 1.5 - 2.0 mgs/liter. These observations
were made a number of years ago and there have been no recent
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studies to determine if these levels still cause mottling.
Apparently there has been little systematic investigation of the
degree to which consumers of drinking water with several mg/liter
of fluoride regard the resultant mottling as an adverse health
effect.

Skeletal fluorosis has been observed with use of water
containing more than 3 mg/liter. It now appears that there is
some probability that objectionable dental mottling and increased
bone density may occur in those with long-standing renal disease
or polydipsia who consume water containing more than 1 mg/liter
of fluoride for long periods of time. Increased bone density,
however, has often been regarded as a keneficial rather than an
adverse effect. This therefore makes the implications of such
changes unclear. Intake of fluoride for long periods in amounts
greater than 20 - 40 mg/day may result in crippling skeletal
fluorosis.

Other reported adverse health effects of intake of milligram
per liter levels of fluoride in drinking water, including
mongolism, cancer mortality, mutagenic or birth effects and
sensitivity have either been unconfirmed or found lacking in
substance. There is also no evidence that there is any
difference between the effects of naturally occurring or
intentionally added fluoride.

Epidemiological studies where the water is naturally high in
fluoride have shown no adverse effects other than dental mottling
except in rare cases. Controlled studies with fluoridation at
the 1 mg/liter level have reported no instances of adverse
effects. Available evidence does not suggest that fluoridation
has increased or decreased cancer mortality rates.

Additional studies of mottling and skeletal fluorosis need to
be done in communities with several mg/liter fluoride in their
water supplies to ascertain whether the no-adverse-health effect
level for fluoride is greater or less than 1 mg/liter. 1In
addition sociological studies are needed to ascertain the extent
to which dental mottling is regarded as an adverse effect.

Nitrate. All sources of combined nitrogen must be regarded
as potential sources of nitrate, for there is a tendency for all
nitrogenous materials in natural waters to be converted into
nitrate. Major point sources of comkined nitrogen in water are
municipal and industrial wastewaters, refuse dumps, animal feed
lots and septic tanks. Diffuse sources include runoff or
leachate from manured or fertilized agricultural lands, urban
drainage and biochemical nitrogen fixation. Small amounts of
combined nitrogen occur in rainfall from solution of atmospheric
ammonia and oxides of nitrogen.
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In the Community Water Supply survey of the Bureau of Water
Hygiene in 1969, the range of nitrate concentrations found was
0.0 - 127 mgs/liter. Nineteen systems, about 3% of those examined
for nitrate, had concentrations in excess of the recommended
limit of 45 mg/liter.

Ordinarily, the major human intake of nitrate is from food
rather than from water. The mean food intake in the United
States has been estimated to be nearly 100 mgs/day, most of it
coming from vegetables such as spinach, lettuce, and root
vegetables, which may contain several thousand mg/kg of nitrate.

Nitrate is secreted in the saliva, the mean value being about
40 mgsday, of which about 10 mg/day is reduced to nitrite and
found in that form. These quantities, although internally
derived, also represent inputs to the gastric system.

Two health hazards are related to the consumption of water
containing large concentrations of nitrate (or nitrite):
induction of methemoglobinemia, particularly in infants, and
possible formation of nitrosamines, some of which may be
carcinogenice.

Acute toxicity of nitrate occurs as a result of reduction to
nitrite, a process that can occur under specific conditions in
the stomach, as well as in the saliva. Nitrite acts in the blood
to oxidize hemoglobin to methemoglokin, which does not perform as
an oxygen carrier. cConsequently, anoxia and death may ensue.

Healthy adults are reported to ke able to consume large
quantities of nitrate in drinking water with relatively few
effects, if any. Acute nitrate toxicity is almost always seen in
infants rather than adults. This increased susceptibility of
infants has been attributed to high intake per unit weight, to
the presence of nitrate-reducing bacteria in the upper
gastrointestinal tract, to the condition of the mucosa, and to
greater ease of oxidation of fetal hemoglobin.

Assessment of maximum nitrate levels in water exhibiting no
adverse health effects has been based principally on a study of
known cases of methemoglobinemia. NO cases of methemoglobinemia
were found in the original studies in which the water contained
less than 10 mg/liter nitrate as nitrcgen. Later, a small
fraction of total cases was found in which the nitrate
concentration of the drinking water was somewhat less than 10
mg/liter as nitrogen. Only one case in the United States has
been associated with a public water supply regardless of nitrate’
content.
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Studies supplementary to the previous ones, in which levels
of methemoglobin in the blood of infants were related to
concentrations of nitrate in the water keing fed, showed
elevation of methemoglobin levels in infants supplied with water
containing nitrate as nitrogen only slightly in excess of 10
mg/liter.

It can be concluded that, from the view-point of induction of
methemoglobinemia, the maximum concentration of nitrate in water
exhibiting no significant adverse health effects is close to the
interim standard of 10 mg/liter as nitrogen. However, there
appears to ke little margin of safety for some infants with the
standard at this concentration.

The other health hazard proposed for nitrate in water, that
it may act as a pro-carcinogen, is more speculative. A series of
reactions is involved by which it is proposed that nitrate in
water may be converted to N-nitroso compounds that may be
carcinogenic. The steps in the reaction sequence are:

1. Reduction of nitrate to nitrite.

2. Reaction of nitrite with secondary amines or amides in
food or water to form N-nitroso compounds.

3. Carcinogenic reaction of N-nitroso compounds.

Reaction of nitrites and secondary amines or amides to form
N-nitroso compounds occurs readily in acidic solution, and
particularly at the normal pH of 1 - 5 that is characteristic of
gastric contents after a meal.

However, the relation of nitrate concentrations in water
supplies to the presence of nitrite in the digestive tract is
much more problematic. The major scurxce of nitrite to the
stomach, at least for healthy individuals, is the saliva,
normally containing 6 - 15 mgs/liter of nitrite. Little reduction
of nitrate to nitrite occurs in the human stomach unless the
gastric pH is greater than 4.6. Thus the pH for formation of
nitrite is quite different from that required for ready formation
of N-nitroso compounds, pH 3.5 or less.

Epidemiologically, correlations have been shown between
incidence of gastric cancer and concentration of nitrate in the
drinking water. An unusually high incidence of stomach cancer in
certain mountainous areas of Columbia is associated with high
concentration of nitrate in the drinking water. The findings,
however, are preliminary and only suggestive. They provide no
firm evidence of a causal link between incidence of cancer and
high intake of nitrate. They do indicate a need for caution in
assessing lack of adverse health effects even at 10 mg/liter
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nitrate as nitrogen and a need for continued intensive study on
the metabolism and effects of nitrate in man.

In conclusion, available evidence on the occurrence of
methemoglobinemia in infants tends to confirm a value near 10
mg/liter nitrate as nitrogen as a maximum no-observed-adverse-
health-effect level, but there is little margin of safety in this
value. There is little scientific basis to support a conclusion
on the hazard of any concentration of nitrate in water with
regard to carcinogenic potential.

Sulfate. No adverse health effects have been noted for
concentrations of sulfate in drinking water less than about 500
mg/liter. Diarrhea is the only physiolcgical effect observed at
concentrations greater than 1000 mg/liter.

The taste threshold for sulfate in water lies between 300 and
400 mgs/liter for most persons, but some are able to detect as
little as 200 mg/liter.

Water Hardness and Health. A large kqQdy of scientific
information indicates that certain inorganic or mineral
constituents of drinking water are correlated with increased
morbidity and mortality rates. These constituents are not
usually considered to be "contaminants" since they are often
associated with the level of ®"hardness®" of drinking water, and
occur naturally or are picked up from water treatment or
distribution systems. Hardness is due primarily to the presence
of ions of calcium and magnesium and is expressed as the
equivalent quantity of calcium carbonate (CaCO3;). Water
containing less than 75 mg/liter CaCC; equivalent is generally
considered to be soft, and above 75 mg/liter as hard.

The literature suggests that in the United States and other
developed nations, the incidence of many chronic diseases, but
particularly cardiovascular diseases (heart disease,
hypertension, and stroke), is associated with various water
characteristics related to hardness. Most of these reports
indicate an inverse correlation between the incidence of
cardiovascular disease and the amount of hardness. A few reports
indicate a similarly inverse correlation ketween the hardness of
water and the risk of several non-cardiovascular causes of death.

Several hypotheses have been proposed to account for the
correlations; these mostly involve either a protective action
attributed to some elements found in hard water or harmful
effects attributed to certain metals often found in soft water.

The hypothetically protective agents include calcium,
magnesium, vanadium, lithium, chromium, and manganese. The
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suspected harmful agents include cadmium, lead, copper, and zinc,
all of which tend to be found in higher concentrations in soft
water as a result of its relative corrosiveness. However, there
is disagreement over the magnitude, or even the existence, of a
"water factor" in the risk of cardiovascular disease; the
identity of the specific causal factors; the mode of action; and
the specific pathological effects. The wide spectrum of alleged
associated effects, the lack of consistency in theorized or
reported etiologic factors, the very small quantities of the
suspected elements in water in comparison with other sources, and
the discrepancies between studies, raise serious questions as to
whether drinking water serves as a vehicle of causal agents, is
an indicator of something broader within the environment, or
represents some unexplained spurious associations. Despite these
uncertainties, the evidence is sufficiently compelling to treat
the "hard water hypothesis® as plausikle, particularly when the
number of potentially preventable deaths from cardiovascular
diseases is considered. In the United States, cardiovascular
diseases account for more than one-half of about two million
deaths that occur each year. On the assumption that water
factors are causally implicated, it is estimated that optimal
conditioning of drinking water could reduce this annual
cardiovascular disease mortality rate in the United States by as
much as 15%.

In view of this potential health significance, it is
essential to ascertain whether water factors are causally linked
to the induction of cardiovascular or other diseases and, if so,
to identify the specific factors that are involved. Much more
definitive information is needed in order to identify what kinds
of remedial water treatment, if any, can be considered.
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Organic Solutes

The organic compounds that have keen identified in drinking
water make up a small fraction of the total organic matter
present. About 90% of the volatile organic compounds have been
identified and quantified, but these represent no more than 10%
by weight of the total organic material. Only 5-10% of the non-
volatile organic compounds, that comprise the remaining 90% of
the total organic material, has been identified. (In this
context, volatile signifies that the compound is detectable by
gas chromatography.)

The compounds selected for review in this study included 74
non-pesticides of the approximately 300 volatile organic
compounds so far identified in drinking water, and 55 pesticides.
Some of the pesticides studied have nQt yet been detected in
drinking water, but were included because they are or have been
used in large quantities. A compound was selected for
consideration if any of the following criteria applied:

1e Experimental evidence of toxfcity in man or animals,
including carcinogenicity, mutagenicity, teratogenicity.

2. Identified in drinking water at relatively high
concentration.

3. Molecular structure closely related to that of another
compound of known toxicitye.

4. Pesticide in heavy use; potential contaminant of
drinking water supplies.

5. Listed in the Safe Drinking Water Act or National
Interim Primary Drinking Water Regulations.

Toxicological information about the compounds of interest was
variable in quality and quantity and, in some instances,
inadequate for a proper assessment of toxicity. In evaluating
the potential effects on health of these organic compounds the
principal concern was to assess their carcinogenicity. At the
concentrations found in drinking water, none of the compounds
would be expected to produce acute toxicity, but the effects of
long continued ingestion of the carcinogens might well become a
serious public health problem.

The risk associated with ingestiop of compounds that were
identified as carcinogenic (to man or animals, confirmed or
suspected) were calculated, to the extent that data were
available, by the method described in the section on Safety and
Extrapolation. The results of these assessments are given in “
Table 1.
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Chronic toxicity of the compounds that were judged not be
carcinogenic was assessed by calculating, from such experimental
results as were available, Acceptable LCaily Intakes (ADI). These
values are given in Table 2, together with estimates of maximal
no-observed-adverse-health-effect concentrations in water that
were derived from them. Compounds that could not be assessed for
lack of experimental evidence are listed in Tables 3 and 4.

The ADI* represents an empirically derived value that
reflects a particular combination of koth knowledge and
uncertainty concerning the relative safety of a chemical. When
there is more confidence about data derived from animal
experiments or observations on humans the uncertainty factor is
smaller than when little is known akout the potential toxicity of
a chemical. These numbers are not meant to represent a
guaranteed safety level, but rather to indicate a level at which
exposure to the single chemical in question is not anticipated to
produce an observable toxic response in man. The ADI values do
not consider interactions (e.g. synergism, antagonism) among the
many possible contaminants. Furthermore the ADI values do not
represent safe levels in drinking water, because they do not take
into account what fraction of the potential contaminant intake
may come from water.

Suggested no-observed-adverse-health-effects concentrations
in water have been calculated under two different assumptions:
(1) that 20 % of total intake of a material is from water and 80%
from other sources, and (2) that 1% of total intake is from water
and 99% from other sources (See Table 2). Similar calculations
can be made for other materials discussed in this report using
such data as may be available with regard to concentration of the
contaminant in food or other sourcese.

Because the experimental data on the effects of many
substances are inconsistent, "no-observed-adverse health effect"
levels cannot be firmly specified for all organic contaminants.
Most of the materials considered have not been studied
sufficiently to firmly establish their carcinogenic potential
with certainty. The risk assessments do not take into account
interactions such as additive toxicity, synergism, and
antagonism. What ultimately may be most important is the

*The Committee considered several alternative terms, other than
ADI, but concluded that the introducticn of a substitute for ADI
might well lead to confusion. The term "Acceptable Daily Intake"
is used throughout the discussion because of its adoption by
international organizations.
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interaction of these compounds with each other and with other
material in contributing to the total kody burden resulting from
multiple sources of contaminant exposure. For these reasons the
ADI is intended to be used only as a guide for assessment of
toxicity from chronic exposure. Furthermore, an ADI is not meant
to provide a basis for the continuing discharge of a compound
into the environment.

In the present limited state of ocur knowledge concerning
structure-activity relationships for carcinogenic and other toxic
effects, one cannot consistently and accurately extrapolate these
properties from one compound to another. Nevertheless, in
certain instances (for example, the substitution of bromine for
chlorine in a halogenated methane) it is presumed that the
relationship is sufficiently strong to justify the suspicion that
the related compounds may be similarly toxic.

The potential for existing concentrations of organic
pesticides and other organic contaminants in drinking water to
adversely affect health, cannot be answered with certainty at
this time. The key issue is whether or not certain organic
chemicals found in very low concentrations can cause or increase
the rate of cancer development in man. Even though several of
these chemicals have demonstrated carcinogenicity in laboratory
animals, the extrapolation of such results to man remains
difficult for a number of reasons.

Because the bioassays that have keen used to establish
carcinogenicity of certain organic chemicals are conducted at
doses which are hundreds to thousands of times greater than the
levels at which these chemicals occur in water, the risks at
these low levels must be obtained by extrapolation from higher
doses. There is no hard evidence that low level oral exposure to
any of these chemicals produces cancer. An argument has been
made that the dose levels used to estaklish carcinogenicity are
so high that they overwhelm normal detoxification or repair
mechanisms or both, and produce cancer Ly some mechanism that
does not operate under low dose conditions. Experimental animals
subjected to such high doses could ke considered a population
different from those exposed to lower doses that do not produce
pathological alterations and changes in pharmacokinetic
parameters, or biochemistry.

Extrapolating from laboratory animals to man would be more
meaningful if comparative metabolic information between the
different species were available. Some species do not metabolize
a parent compound to its activated form so that use of these
species in toxicological bioassays is inappropriate if the
compound undergoes activation in man. The converse situation
also is true. Differences may also occur with respect to other
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parameters such as rates of biotransformation, absorption,
excretion, and biological half life.

Risk assessments based on extrarolations which fail to
consider species differences with respect to sensitivity, tissue
susceptibility, kinetics, pathology cr kiotransformation pathways
may be inappropriate. This kind of ipformation is not presently
available.

In light of such uncertainties, a cautious approach must be
adopted when dealing with potentially harmful chemicals. Even
more uncertainty exists when one considers the possibility that
some of these chemicals may also be mutagenic or teratogenic.
The methodologies used to estaklish these effects are even less
applicable to man than cancer Lkioassays.

For many of the organic compounds identified in drinking
water, virtually no toxicity data are available. 1Ideally, all of
these agents (as well as any new ones) should be subjected to an
extensive battery of toxicity tests including chronic bioassay.
In practice, there is a need to detexrmine those agents for which
the generation of data is most pressing. Several criteria are
important for the development of an crder of priority for
testing.

The main factors identified in the assignment Of priorities
are:

1. The relative concentrations of the compounds and the
number of people likely to ke exposed as well as the
identity of defined subpopulations exposed,

2. The number of water systems in which they occur,

3. Positive responses to in vitro mutagenic screening
systems,

4. Positive responses to in vitro carcinogen pre-screens
(mammalian cell transformations),

5. Similarity of chemical structure of the test compound to
those of other compounds having defined toxic properties
(i.e. structure-activity relationships) and

6e Relationship of dose from water to total body burden.

A number of assays using bacteria and yeast have shown
promise in yielding high correlations ketween mutagenic activity
and known carcinogenic activity for certain classes of materials.
These may prove to be useful in estaklishing a first level screen
for potential carcinogens.


http://www.nap.edu/catalog.php?record_id=21354

48

Conclusions

carcinogenicity. Table 1 lists the organic contaminants for
which positive data on carcinogenesis exist. For these
compounds, where adequate (lifetime) feeding studies were
available, a statistical extrapolation of risk was performed.
The method is described in the secticn on Safety and
Extrapolation. The numbers in Table 1 are upper 95% confidence
estimates of cancer risk to man from a lifetime of exposure to a
particular compound. These estimates have been corrected for
interspecific differences (that is, ketween the experimental
animal and man on the basis of relative surface area.

Bacterial Mutagenicity. In addition to examining data from
animal feeding studies for the identification of suspect
carcinogens, data for mutagenesis in kacteria, or other test
systems were also examined. Availakle data are summarized as
follows: (1) Benzo(a)pyrene, chlorodikromomethane, Captan, and
Folpet have been found to be mutagenic; (2) Bromoform and vinyl
chloride, weakly mutagenic; (3) Carkon tetrachloride,
bromobenzene, nicotine, DDE, dieldrin, carbaryl and trifluraline,
non-mutagenic.

Teratogenicity. Data on teratogenic potential exist for 22 of
the compounds under study. Hexachlorogphene, nicotine, the
phthalate esters, 2,4-D, 2,4,5-T, and Folpet have been shown to
be teratogens, while benzene, benzo (a)ryrene, carbon
tetrachloride, PCB's, Captan, Carbaryl, Chlordan, DDT, Kepone,
Malathion, Methylparathion, Mirex, Paraquat, PCNB, and Parathion
have been reported to be non-teratogenic. Nowhere is the paucity
of toxicologic data more evident than in the data on
teratogenesis.

Non-Carcinogenic Toxicity. For 46 ccmpcunds there were
sufficient data to calculate ADI's. These are summarized in
Table 2. Occasionally the ADI was calculated from partial
lifetime exposure studies when no other data were available.
Toxicity was measured by various resgqQnses.

The health effects of many compounds of interest could not be
assessed because toxicological information about them was
inadequate or unavailable. These comgounds are listed in Tables
3 and 4, together with their reported occurrence in drinking
water in the United States.
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T. E 1
Categories of Known or Suspected Organic Chemical
Carcinogens Found in_ Drinking Water
Highest observed Upper 95% Confidence
concentrations in estimate of lifetime
finished water cancer risk per
Compound (pug/1) pg/liter*
Human Carcinogene
Vinyl Chloride** 10 5.1 x 10-7

Suspected Human Carcinogens

Benzene 10 I.D,ee
Benzo(a) pyrene** D. I.D.
Animal Carcigggens
Dieldrin 8 2.6 x 10—¢
Kepone N.D. 4.4 x 10—¢
Heptachlor . De 4.2 x 10-5
Chlordane 0.1 1.8 x 105
DDT/DDE D. 1.2 x 10—-8
Lindane (y=BHC) 0.01 9.3 x 10-e
a=BHC D. 6-5 x 10—
p-BHC D. 4.2 x 106
PCB (Aroclor 1260) 3 3.1 x 10~
ETU N.D. 2.2 x 10-¢
Chloroform 366 3.7 x 10-7
Carbontetrachloride 5 1.5 x 107
PCNB N.D. 1.4 x 10-7
Trichloroethylene 0.5 1.3 x 10-7
Diphenylhydrazine 1 I.D.
Mdrin D. I.D.

Suspected Animal Carcinogens

Bis (2-chloroethyl) ether 0. 42 1.2 x 10—¢
Endrin 0.08 I.D.
Heptachlor epoxide D. I.D.
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e = See Definitions, p 61.

eeI.D. = Insufficient data to permit a statistical
extrapolation of risk.

N.D. = Not detected
D. = Detected but not quantified
* = See text for details

** = Also an animal carcinogen
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Organic Pesticides and Other Organic Contaminants in Drinking Water,

Concentration, Toxicity, ADI and Suggested No-Adversc Effect Levels

Maximum
Observed
Concentra-

Maximum
Dose Pro-
ducing No
Observed

Adverse Ef-

Suggested
No-Adverse
Effect Level
from Hy0, pg/l

ﬁignsp;?l fect Uncertainty ADI++ Assumptions*
Compound 27 mg/kg/day Factor+ mg/kg/day 1 2
2,4-D 0.04 12.5 1,000 0.0125 87.5 4,4
2,4,5-T 10.0 100 0.1 700 35.0
TCDD 1073 100 1077 7x107% | 3.5x10"
2,4,5-TP detected** 0.75 1,000 0.00075 528 0.26
MCPA 1.25 ' 1,000 0.00125 8.75 0.44
Amiben 250 1,000 0.25 1750.0 87.5
Dicamba 1.25 1,000 0.001125 B.75 0.44
Alachlor 2.9 100 1,000 0.1 700.0 35.0
Butachlor 0.06 10 1,000 0.01 70.0 3.5
Propachlor 100 1,000 0.1 700.0 35.0
Propanil 20 1,000 0.02 140.0 7.0
Aldicarb 0.1 100 0.001 7 0.35
Bromacil 12,5 1,000 0.0125 87.5 4.5
Paraquat 8.5 1,000 0.0085 59.5 2.94
Trifluralin detected 10 100 0.1 700.0 35.0
(also for Nitralin

and Benefin)
Methoxychlor 10 100 0.1 700.0 315.0
Toxaphene 1,25 1,000 0.00125 8.75 | 0.44
Azinphosmethyl 0.125 10 0.0125 87.5 - 4.4
Diazinon 0.02 10 0.002 14.0 | 0.7
Phorate (also for 0.01 100 0.0001 0.7 0.0135

Disulfoton)
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Organic Pesticides and Other Organic Contaminants in Drinking Water,

Concentration,

Toxicity,

ADI and Suggested No-Adverse Effect Levels

Maximum
Dose Pro- Suggested
g;:::::d ducing No No-Adverse
PSR Observed Effect Level
% Adverse Ef- from H,0,us/!
tions in £ ADI++ A i
H,0, pg/l ect Uncertalnty ssumption®
Compound 2°° mg/kg/day Factor+ mg/kg/day 1 2
Carbaryl 8.2 100 0.082 574 28,7
Ziram (and Ferbam) 12.5 1,000 0.0125 87.5
Captan 50 1,000 0.05 350 17.5
Folpet 160 1,000 0.16 1120 56.0
Hexachlorobenzene 6.0 1 1,000 0.001 7 0.35
Paradichlorobenzene 1.0 13.4 1,000 0.0134 93.8 &
(also orthodichlorobenzene)
Parathion (and Methyl 0.043 10 0.0043 30 1.5
parathion)
Malathion 0.2 10 0.02 140 7.0
Maneb (and Zineb and 5.0 1,000 0.005 35 . 1,75
Dithane)
Thiram 5.0 1,000 0.005 35 1..75
Atrazine 5.0 215 1,000 0.0215 150 2eS
Propazine detected 46 .4 1,000 0.0464 325 16.0
Simazine detected 215.0 1,000 0.215 1505 7525
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Organic Pesticides and Other Organic Contaminants in Drinking Water,

Table 2 (continued)
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Concentration,

Toxicity, ADI and Suggested No-Adverse Effect Levels

Maximum
Dose Pro- Suggested
Haxtwun ducing No No-Adverse
Observed
Observed Effect Level
Concentra-
Adverse Ef- from Hp0, uy/ 1
tions in ¢ apr™t A o
H,0, pg/l ect Uncertainty ssumptions®
Compound 2°° mg/kg/day Factor+ mg/kg/day 1 2
di-n-butyl phthalate 5.0 110 1,000 0.11 770 38.5
di (2-ethyl hexyl) 30.0 60 100 0.6 4,200 210.0
phthalate .
hexachlorophene 0.01 1 1,000 0.001 7 0.35
methyl methacrylate 1.0 100 1,000 0.1 700 35.0
pentachlorophenol 1.4 3 1,000 0.003 21 1.05
styrene 1.0 133 '1.000 0.133 931 46.5
+ Uncertainty factor - the factor of 10 was used where good chronic human

exposure data was available and
in other species,
toxicity data were available in

avallable were from inhalation studies.

the factor of

some animal species,

adverse effect divided by the Uncertainty factor

| =

Assumptions:

Average weight of human adult = 70 kg:
_intake of water for man = 2 liters.

1. 20% of total ADI &assigned to water

80% from other sources

2. 1% of total ADI assigned

992 from other sources

*tdetected but not quantified

to water

supported by chronic oral toxicity data
100 was used where good chronic oral

and the factor of
1000 was used with limited chronic toxicity data or when the only data

++ Acceptable Daily Intake (ADI) - Maximum dose producing no-observed

Average daily


http://www.nap.edu/catalog.php?record_id=21354

TABLE 3

Organic Pesticides and Other Organic Contaminants Found in
Drinking Water, With Insufficient LCata on Chronic Toxicity

Highest Concentration in Finished

hater, uq/1

Acetaldehyde 0.1
Acrolein

Bromobenzene detected
Bromoform detected
Carbon disulfide detected
Chloral 5.0
Chlorobenzene 5.6
Cyanogen chloride 0.1
1,2-Dichloroethane 21.0
2,4-Dichlorophenol 36.0
2,4-Dimethylrhenol detected
e-Caprolactam detected
Hexachloroethane 4.4
O-Methoxyphenol detected
Methyl chloride detected
Methylene chloride 7.0
Phenylacetic acid 4.0
Phthalic anhydride detected
Propylbenzene <5.0
t-Butyl alcohol 0.01
Tetrachloroethane 4.0
Tetrachloroethylene <5.0
Toluene 11.0
Trichlorobenzene 1.0
1,1,2-Trichloroethane detected
Nicotine 3.0
Methomyl

Cyanazine detected
xylene <5.0

detected = detected but not quantified

54
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Organic Contaminants Found In Drinking Water
Information On Chronic Toxicity Lacking

Highest

Highest

Concentration Concentration

in Finished

Compound Rater, pug/1
1,2-Bis (chloroethoxy)ethane 0.03
Bis (2-chloroisopropyl) ether 1.58
Bromochlorobenzenes detected
Bromodichloromethane 116
Butyl bromide detected
Chloroethyl methyl ether detected
Chlorodibromomethane 100
Chlorohydroxybenzophenone detected
Chloromethyl ethyl ether detected
Chloropropene detected
Crotonaldehyde 5.0
Dibromobenzene detected
Dibromodichloroethane 0.63
1,3-Dichlorobenzene ; <3.0
Dichlorodifluoroethane detected
Dichloroiodomethane 0.5
1, 1-Dichloro-2-hexano 1.0
1,2=Dichloropropane <1.0
1,3-Dichloropropene <1.0
1,2-Dimethoxykenzene detected
4,6-Dinitro-2-aminophenol detected
Dioctyladipate 20.0
Hexachloro-1,3-butadiene 0.07
Isodecane 5.0
Metachloronitrobenzene detected
Methylstearate detected
Nonane 4.0
Octyl chloride detected
Pentachlorophenyl methyl ether 0.1
1,1,3,3-Tetrachloroacetone 1.0
2,4,6-Trichlorophenol detected

Trimethylbenzene 6.1

in Raw Water,
ug/l

n

1.4

1.0
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Research Recommendations

1.

2.

3.

Because great uncertainty exists in connection with
extrapolation of data from the present cancer bioassays,
better premises and methodologies are needed to
establish the extent to which humans are at risk from
the low level exposures to organic substances in water.
There is a need to know the extent to which low level
exposure to a presumed carcinogen does in fact increase
the probability of cancer during the lifetime of an
individual.

It is recommended that work be done to better
characterize current animal models and develop new ones.
Studies on the comparative metabolism between laboratory
animals and man are urgently needed. It is necessary to
know, for example, if a laboratory animal metabolizes a
test compound in the same manner and rate as man.

Better mutagenicity biocassays using mammalian cells
should be developed. More work is needed in the area of
interactions and synergism which these assay systems
could more easily accommodate.

Organic material in water is thought by many to be
responsible for contributing the initial reactants for
many potentially harmful contaminants. To this end
total organic carbon (TOC) in drinking water supplies
must be better characterized and more extensively
determined. Because some halogenated compounds are
formed by chlorination of naturally occurring organic
substances research on methods for destruction or
removal of organic precursors of halogenated compounds
prior to chlorination would lead to reduction in
chlorinated products and their accompanying health
hazards.

Epidemiologic studies to oktain quantitative measures of
association between the frequency of malignant disease
in humans and exposure to sgecific organic compounds
found in drinking water are needed. In particular, ways
are needed to develop useful epidemiologic data from
examination of small populations of individuals
occupationally exposed to drinking water contaminants.

A major effort now needs to Lbe directed at determining
the health status of workers in industries where there
is occupational exposure tc compounds identified as
animal carcinogens.


http://www.nap.edu/catalog.php?record_id=21354

4.

5.

o7

More accurate record keeping, a national death index,
and more reliable analytical methods to monitor
environmental exposure are needed.

There is a need for more and ketter toxicological data,
on campounds which could not be evaluated at this time,
especially creosote, methyl parathion, and acrolein all
of which are high use pesticides. Data are needed in
the area of low level, chropic (life time) exposures.
Studies should include exposure to formulated products
(i.e. mixtures) as well as pure compound.

There should be a periodic re-evaluation by newer, more
sensitive and more predictive methodologies of these
pesticides used in large volume.
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Definitions

The Safe Drinking Water Committee adopted the following
working definitions prior to its review of the scientific
literature of organic contaminants:

Carcinogen. The term carcinogen is used in its broad sense,
because in most of the current human epidemiologic approaches and
certain animal bioassays it is not possible to differentiate
clearly between initiating agents, promoting agents, and certain
modifying factors. Any factor or comkination of factors which
increases the risk of cancer in humans is of concern regardless
of its mechanism of action. The criteria listed here apply only
to chemical agents.

A malignant neoplasm is composed of a population of cells
displaying progressive growth and varying degrees of autonomy and
cellular atypia. It displays, or it has the capacity for,
invasion of normal tissues, metastases, and causing death to the
host. Benign neoplasms are a less autonomous population of cells
and exhibit little or no cellular atygia or invasion of normal
tissues and do not metastasize. In particular cases, however,
benign neoplasms may endanger the life of the host by a variety
of mechanisms, including hemorrhage, encroachment on a vital
organ, or unregulated hormone production. The cytologic and
histologic criteria utilized in determining whether a lesion is
benign or malignant differ depending ugcn the tissue in which the
neoplasm arises. Evaluation of whether a specific lesion is
benign or malignant should therefore, follow standard criteria
used by experimental oncologists and pathologists with the
emphasis on correlation of the histopathologic pattern with the
biologic behavior of the lesion or type of lesion. In equivocal
cases, the diagnosis of a specific lesion may require a panel of
experts; recognizing that they may not always agree.

Depending upon the particular case, benign neoplasms may
represent a stage in the evolution of a malignant neoplasm and in
other cases they may be "end points?' which do not readily undexgo
transition to malignant neoplasms.

A. Criteria in Human Studies

An agent - which may comprise a comkination of chemicals - is
carcinogenic in man if it increases the incidence of malignant
neoplasms [or a combination of benign and malignant neoplasms] in
humans to levels that are significantly higher than those in a
comparable group not exposed [or expgsed at a lower dose] to the
same agent. If all of the induced neoplasms are benign, rather
than malignant, then, for the reasons given elsewhere in this
document, the agent must be considered a possible carcinogen and
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it should, therefore, be very carefully evaluated as a health
hazard.

Types of evidence suggesting that an agent is carcinogenic in
humans include: neoplastic response directly related to exposure
[both duration and dose]; incidence and mortality differences
related to occupational exposure; incidence and mortality
differences between geographic regions related to different
exposures rather than genetic differences and/or altered
incidence in migrant populations; time trends in incidence or
mortality related to either the introduction or removal of a
specific agent from the environment; case control studies; and
the results of retrospective-prospective and prospective studies
of the consequences of human exposure. Clinical case reports may
also provide early warning of a potential carcinogen. Negative
epidemioclogic data may not establish the safety of suspected
materials. Negative data on a given agent obtained from
extensive epidemiologic studies of sufficient duration are useful
for indicating upper limits for the rate at which a specific type
of exposure to that agent could affect the incidence and/or
mortality of specific human cancers.

B. Criteria in Experimental Animal Studies

The carcinogenicity of a substance is established when the
administration to groups of animals in adequately designed and
conducted experiments results in increases in the incidence of
one or more types of malignant neoplasms [Oor a combination of
benign and malignant neoplasms] in the treated groups as compared
to control groups maintained under identical conditions but not
given the test compound. The increased incidence of neoplasms in
one or more of the experimental grougs should be evaluated
statistically for significance, and the only major experimental
variable between the control and the experimental group should be
the absence or presence of the single test agent. Such increases
may be regarded with greater confidence if positive results are
observed in more than one group of animals or in different
laboratories. The demonstration that the occurrence of neoplasms
follows a dose-dependent relationship provides additional
evidence of a positive result.

The occurrence of benign neoplasms raises the strong
possibility that the agent in gquestion is also carcinogenic since
compounds that induce benign neoplasms frequently induce
malignant neoplasms. In addition, kenign neoplasms may be an
early stage in a multi-step carcinogenic process and they may
progress to malignant neoplasms; also, kenign neoplasms may
themselves jeopardize the health and life of the host. For these
reasons, if a substance is found to induce benign neoplasms in
experimental animals it should be considered a potential human
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health hazard which requires further evaluation. In experiments
where the increased incidence of malignant neoplasms in the
treated group is of questionable significance, a parallel
increase in incidence of benign tumors in the same tissue adds
weight to the evidence for carcinogenicity of the test substance
(from General Criteria for Assessing the Evidence for
Carcinogenicity of Chemical Substances. Report of the
Subcommittee on Environmental Carcinogenesis NCI, 1976).

Mutagen. A chemical that is capakle of producing a heritable
change in genetic material. These changes may be either point
mutations or chromosomal mutations and can occur in either
somatic or germ cells.

Teratogen. An agent which acts during pregnancy to produce a
physical or functional defect in the developing offspring.

Oorganoleptic £est. The use of odor and taste thresholds to
establish permissible levels of exposure to chemicals.

Adverse Response. "With increasing dosage in the continuum
of the dose-response relationship, the region is generally
entered where the effects are clearly adverse. Thus, adverse
effects may be defined as changes that:

1. occur with intermittent or continued exposure and that
result in impairment of functional capacity (as
determined by anatomical, physiological, and
biochemical, or behavioral parameters) or in a decrement
of the ability to compensate for additional stress;

2. are irreversible during expgsure or following cessation
of exposure if such changes cause detectable decrements
in the ability organism to maintain homeostasis; and

3. enhance the susceptibility of the organisms to the
deleterious effects of other environmental influences."

(from the NAS publication, Principles for Evaluating
Chemicals in the Environment, 1975)

Toxicity. The intrinsic quality of a chemical to produce an
adverse effect. The term includes capacity to induce
teratogenic, mutagenic, and carcinogenic effects.

Safety. "safety is the practical certainty that injury will
not result from the substance when used in the quantity and in
the manner proposed for its use.

(from Evaluating the Safety of Food Chemicals, NAS, 1970)
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Evaluation of Safety. "An estimation of the potential of the
substance to cause injury and review and evaluation of sufficient
data to warrant a conclusion that the conditions of proposed use
will provide an intake so low in relation to the toxic dose that
there is a practical certainty no harm can result." (from FDA
Papers, November, 1971)

For the purpose of this study the proposed use was limited
only to exposure from drinking water.

Safety Factor or Uncertainty Factor. A number that reflects
the degree or amount of uncertainty which must be considered when
experimental data in animals are extrapolated to man. When the
quality and quantity of data are high the uncertainty factor is
low and when data are inadequate or equivocal, the uncertainty
factor must be larger.

The following general guidelines have been adopted in
establishing the uncertainty factors.

1. Valid experimental results from studies on prolonged
ingestion by man, with no indication of carcinogenicity.
Uncertainty Factor = 10
2. Experimental results of studies of human ingestion not
available or scanty (e.g., acute exposure only). Valid
results of long-term feeding studies on experimental
animals or in the absence of human studies, valid animal
studies on one or more species. No indication of
carcinogenicity.
Uncertainty Factor = 100
3. No long-term or acute human data. Scanty results on
experimental animals. No indication of carcinogenicity.
Uncertainty Factor = 1,000

These uncertainty factors are used in every case as a divisor
of the highest reported long-term dose that is observed not to
produce any adverse effect.

Carcinogens: Categqories in Table 1.

eHuman Carcinogen - Based on strong epidemiological evidence
and toxicological studies in animals.

Suspected Human Carcinogens - Based on limitéd
epidemiological evidence in man and equivocal toxicologicl
studies in animals.

Animal Carcinogens - Based on toxicological studies in at
least one species of animal.
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Suspected Animal Carcinogens - Based on equivocal
toxicological studies in animals or on a structural
similarity to a known carcinogen.

62
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Radioactivity In Drinking Water

Everyone is exposed to some natural radiation that comes from
both cosmic rays and terrestrial sources. Although there are
large geographic variations in the amount of natural background
radiation, the average background dose in the United States is
about 100 mrem/year. A small proportiop of this unavoidable
background radiation comes from drinking water that contains
radionuclides.

By far the largest contribution to the radioactivity in
drinking water comes from potassium-40, which is present as a
constant percentage of total potassium. Only a small percentage
of the total potassium—-40 body burden, however, comes from
drinking water. The total body dose from other possible
radioactive contaminants of water constitutes a small percentage
of the background radiation to which the population is exposed.
Although the amounts of individual radioactive contaminants
fluctuate from place to place, calculations made for a
hypothetical water supply that might ke typical for the United
States have shown that a total soft-tissue dose of only 0.24
mrem/year would be contributed by all the radionuclides found in
the water. Even with rather wide fluctuations in the
concentrations, the total contribution of the radionuclides will
remain very small.

However, bone-seeking radionuclides--such as strontium-90,
radium-226, and radium-228--account for a somewhat larger
proportion of the total bone dose. This is particularly true for
the two isotopes of radium because they emit high-linear-energy-
transfer (LET) radiation, and because certain restricted
localities have been found to have rather high concentrations of
radium in drinking water. Nevertheless, in the hypothetical
typical water supply, less than 10% of the annual background dose
comes from such radiation. It has also been estimated that the
total population exposed to levels of radium greater than 3
pCi/liter is about a million people. About 120,000 people are
exposed to radium at levels greater than 9 pCi/liter.

Risk estimates were made of three kinds of adverse health
effects that radiation could produce: developmental and
teratogenic effects, genetic effects, and somatic (chiefly
carcinogenic) effects.

Developmental and Teratogenic Effects

The developing fetus is exposed to radiation from
radionuclides in drinking water for nine months. Thus, the total
dose accumulated by the fetus will ke very small. Furthermore,
although the fetus is sensitive to the effects of radiation in

Nl
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some stages of development, these periods are sharply limited and
extremely short. For this reason, toco, the total dose
administered that could have possible developmental and
teratogenic effects would be extremely small. Current
concentrations of radionuclides in drinking water lead to doses
of about one five-thousandth of the lowest dose at which a
developmental effect has been found in animals. Therefore, the
developmental and teratogenic effects of radionuclides would not
be measurable.

Genetic Effects

It has been estimated that there are about 94,400 genetic
diseases per million live births in the United States. The
maximum permissible dose of man-made radiation for the general
population (170 mrem/year) has been estimated to increase this
number in the first generation by 170-215, with an unlikely upper
limit of 4,250. On the basis of a 30-year generation and 3.6
million live births per year in the United States, we would
expect the 0.24 mrem soft-tissue dose, or gonad dose, to lead to
0.0098 additional cases of genetic disease per million live
births per year or 0.035 additional cases of genetic disease in
the United States per year. Even at the unlikely extreme upper
limit of possible genetic effects of radiation of around 4,000
extra cases in the first generation, there would still be less
than one additional case in the 94,400 x 3.6 = 340,000 live
births with genetic defects. The wide fluctuation in bone dose
caused by fluctuations in the radium concentration of drinking
water would not have any sensible effect on the genetically
significant dose, because radium is predominantly a bone-seeker
and will deliver very little radiation to the gonads.

Somatic and Carcinogenic Effects

The natural background of radiation can be estimated to cause
4.5 to 45 cases of cancer per million peorle, depending on the
risk model used. The amount of whole-kody radiation from
radionuclides in typical drinking water contributes less than 1%
of this amount, and thus, for cancers other than those in bone,
may cause a negligible increase in the total. Radium, however,
can contribute somewhat less than 7% of the total bone dose
received from background radiation in areas of "normal" radium
concentration. The average carcinogenic risk associated with
skeletal irradiation by radium in a pqQpulation with a typical
distribution of ages, is estimated to approximate 0.2 fatal cases
of bone cancer per million persons per year per rem. Therefore,
over a period from 10 to 40 years after the beginning of skeletal
irradiation, the average risk attributakle to natural background
radiation is estimated to range from 0.6 per million persons per
year, under typical conditions, to as much as 4.2 per million per
year, in regions where 25 pCis/liter of radium-226 are found in
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the drinking water. It has been noted that in the United States
120,000 people are estimated to drink water containing between 9
and 25 pCi/liter of radium-226 and only a small number lie near
the upper end of this range. The numker of excess cancers in
this group would therefore lie between 0.16 and 0.43 per year.
Since not all the 120,000 peorle drink water containing 25
pCi/liter of radium=-226, the latter numker is inordinately high.

Conclusions

The radiation associated with most water supplies is such a small
proportion of the normal background to which all human beings are
exposed, that it is difficult, if not impossible, to measure any

adverse health effects with certainty. In a few water supplies,

however, radium can reach concentrations that pose a higher risk

of bone cancer for the people exposed.

Future Needs

The precision of estimation of the health risks associated with
radioactivity in drinking water could ke enhanced if several
water systems were analyzed to determine the complete
distributions of beta and alpha radiation that constitute the
gross counting measurements.

Because the precise ratio of radium-228 to radium-226 in
water has not been measured extensively, an attempt should be
made to determine the ratio in several ground and surface waters
whose content of radium-226 is known. The waters to be analyzed
should range from about 0.1 to 50 pCi/liter. The percentage of
the daughter radionuclides present should be determined.

Because radon is a noble gas that is quickly released from
water, it is possible that, in some areas of high radon content,
water vapor containing radon might constitute an inhalation
hazard when such water is used, for example, in humidifiers or
for showers. A determination should ke made whether or not radon
emanations from water do indeed constitute an inhalation hazard.

The models used in this report do not take into account the
possibility that the finely divided solid particles that occur in
water may alter the uptake of radionuclides. The effects of the
solids in drinking water on the metakolism and uptake of
radionuclides merit investigation.
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APPENDIX I

Historical Note

As noted by Baker (1949), the gquest for pure water began in
prehistoric times. Recorded knowledge of water treatment is
found in Sanskrit medical lore and in Egyptian inscriptions.
Pictures of apparatus to clarify liquids, (both water and wine),
have been found on Egyptian walls dating back to the fifteenth
century B.C. Boiling of water, the use of wick siphons,
filtration through porous vessels, and even filtration with sand
and gravel, as means to purify water are methods that have been
prescribed for thousands of years. In his writings on public
hygiene, Hippocrates (460-354 B.C.) directed attenion principally
to the importance of water in the maintenance of health, but he
also prescribed that rain water should ke boiled and strained.
The cloth bag that he recommended for straining became known in
later times as "Hippocrates'! sleeve®,

Public water supplies, already developed in ancient times,
assumed added importance with the progressive increase in
urbanization. But though they were clearly beneficial in
distributing water of uniform quality, large numbers of people
ran the risk of having adverse effects when the water was unsafe
to drink..

The first clear proof that public water supplies could be a
source of infection for humans was kased on careful
epidemiological studies of cholera in the city of London by Dr.
John Snow in 1854 (Snow, 1855). Although Snow's study of the
contaminated Broad Street pump is the most famous, his definitive
work concerned the spread of cholera through water supplied by
the Southwark and Vauxhall Company and the Lambeth Company. The
former obtained its water from the Thames at Battersea, in the
middle of London in an area almost certainly polluted with
sewage, whereas the Lambeth Company oktained its water
considerably upstream on the Thames, above the major sources of
pollution. In one particular area served by these two companies,
containing about 300,000 residents, the pipes of both companies
were laid in the streets, and houses were connected to one or the
other sources of supply. Snow'!s examination of the statistics of
cholera deaths gave striking results. Those houses served by the
Lambeth Company had a low incidence of cholera, lower than the
average population of London as a whole, whereas those served by
the Southwark and Vauxhall Company had a very high incidence. As
the socioeconomic conditions, climate, soil, and all other
factors were identical for the populations served by the two
companies, Snow concluded that the water supply was transmitting
the cholera agent. Snow's study, a classic in the field of
epidemiology, is even more impressive when it is realized that at
the time he was working, the germ theory of disease had not yet
been established.
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During the 17th to the early 19th century a number of
improvements in water supply were made, most of these related to
improvements in filtration to remove the turbidity of waters.
During this same period, the germ theory of disease became firmly
established as a result of research ky louis Pasteur, Robert
Koch, and others, and in 1884 Koch isolated the casual agent of

cholera, Vibrio cholera.

Importance of water filtration. In 1892, a study of cholera
by Koch in the German cities of Hamkurg and Altona provided some
of the best evidence of the importance of water filtration for
protection against this disease (Koch, 1894). The cities of
Hamburg and Altona both received their drinking water from the
Elbe River, but Altona used filtration, since its water was taken
from the Elbe below the city of Hamburg and hence was more
grossly contaminated. Hamburg and Altona are contiguous cities,
and in some places the border between the two follows a contorted
course. Koch traced the incidence of cholera in the 1892
epidemic through these two cities, with special attention
directed to the contiguous areas. In such areas it was assumed
that climate, soil, and other factors would be identical, the
principal variable being the source of water. The results of
this study were clear-cut: Altona, even with an inferior water
source, had a markedly lower incidence of cholera than Hamburg.
Since by this time it was well established that cholera was
caused by intestinal bacteria excreted in large numbers in the
feces, it was concluded that the role of filtration was to remove
the contaminating bacteria from the water.

In the United States, cholera was not a problem after the
mid-19th century; the water-borne disease of particular concern
was typhoid fever. In England, William Budd had shown by the
mid-nineteenth century that tyrphoid fever was a contagious
disease, and the causal agent was isolated and identified by
Eberth in 1880 and Gaffky in 1884 (Wilson and Miles, 1957).
Although the causal agent, now called Salmonella typhi, is
transmitted in a variety of ways, one of the most significant is
by drinking water.

Experiments on water filtration were carried out in the
United sStates during the late 1880's and early 1890's, notably by
the Massachusetts State Board of Health experiment station
established in 1887 at the city of Lawrence. At this station the
treatment of water as well as sewage was considered by an
interdisciplinary group that included engineers, chemists, and
biologists. A leader in this work was W. T. Sedgwick, a
professor at the Massachusetts Institute of Technology, and
M.I.T.'s influence on water supply research remained strong
throughout the first quarter of the twentieth century. Much of
the history of this work has been reviewed by Whipple (1921) and
in the two editions of Hazen's book (1907, 1914); the technical
aspects are discussed and clearly illustrated by Johnson (1913).
One important technological advance which made water filtration
adaptable to even rather turbid sources of water was the use of
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chemical/coagulation filtration processes, patented about 1884 by
the brothers J. W. and I. S. Hyatt-

While the Lawrence experiments were going on, an epidemic of
typhoid swept through the city, hitting especially hard at those
parts that were using the Merrimac River as its water supply. As
a result, the city of Lawrence built a sand filter, and its use
led to a marked reduction in the tyghoid fever incidence. As
reported by Hazen (1907), the death rate from tyrhoid fever in
Lawrence dropped 79% when the five year periods before and after
the introduction of the filter were compared. Of additional
interest was a reduction in the general death rate (all causes)
of 10%, from 22.4 to 19.9 per 1,000 living.

Another major series of filtration experiments were made in
1895-1897 at Louisville, Kentucky, where the source of water was
the muddy and polluted Ohio River. These experiments were
successful, and from an engineering point of view were of
importance because they showed that it was possible to treat
source waters of a rather poor quality (the Merrimac River at
Lawrence may have been polluted, but at least it was a clear
water, making filtration rather easier.) The success of the
Louisville experiments and the other studies led to rapid
establishment of filters as a means of water purification; by
1907 Hazen could list 33 cities in the United States, some of
comparatively large size, which were using mechanical filters,
and 13 cities that were using slow sand filters. As discussed by
Hazen, filtration led to an eliminatiop of turbidity and color
from the water, and to a removal of akout 99% of the bacteria
present. At that time these conditions were considered as a
standard by which the quality of a treated water should be
judged. As Hazen states: "There is no final reason for such
standards. They have been adorted by consent because they
represent a purification that is reasonpably satisfactory and that
can be reached at a cost which is not kurdensome to those who
have to pay for it... There is no evidence that the germs
(characteristic of sewage pollution) so left in the water are in
any way injurious. Certainly if injurious influence is exercised
it is too small to be determined or measured by any methods now
at our disposal." This last statement is of considerable
importance when considered in the light of the important advance
in water purification practice yet to come, chlorination.

An excellent overview of the relationship between water
quality and typhoid fever incidence was published at about this
time by Fuertes (1897). He gathered tyrhoid fever statistics for
a large number of cities in North America and Europe, and grouped
the data by type of source water and water treatment.

Chlorination, the most significant advance in water
treatment. Although a reading of Hazen's 1907 book might lead
one to conclude that excellent water quality had been well
established by filtration, the most important technological
advance in water treatment was yet to come. The introduction of
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chlorination after 1908 provided a cheap, reproducible method of
ensuring the bacteriological quality of water. Chlorination has
come down to us today as one of the major factors ensuring
safety of our drinking water.

Calcium hypochlorite was manufactured industrially for use as
a bleaching powder and was used in paper mills and textile
industries. It was a cheap chemical, and hence readily adaptable
to use on the large scale necessary for drinking water. The
first practical demonstration in the United States of its use in
water supply was at the filter plant of the Chicago Stock Yards,
where it was introduced by Johnson in the fall of 1908 (Johnson,
1913) .

The use of chlorination in an urkan water supply was
introduced in Jersey City, New Jersey, in the latter part of
1908. The circumstances surrounding the Jersey City case are of
some interest from a historical point of view and will be briefly
reviewed. Jersey City received its water from a private company
which used a large reservoir at Boonton, an impoundment of the
Rockaway river. The water was supplied to the city unfiltered,
although some settling took place in the reservoir. Several
years before 1908 the city raised the ccntention that the water
being supplied was not at all times pure and wholesome for
drinking, as was required by the terms of its contract with the
private company. At certain times cf the year, the water in the
reservoir became polluted as a result of sewage influx from
communities on the river above the reservoir. Rather than
undergo the expense of a filtration plant, or attempt to control
the sewage influx from the various ccmmunities, the private
company chose to introduce a chlorination system. The results
were dramatic: a marked drop in total kacterial count was
obtained, and at a cost far lower than any other procedure.
After many months of operation, further testimony before the
court was held, to determine whether the company was meeting its
contract, and the court decided that the evidence was favorable
to the company. As stated by the court examiner: "I do
therefore find and report that this device (chlorination) is
capable of rendering the water delivered to Jersey City pure and
wholesome for the purposes for which it is intended and is
effective in removing from the water those dangerous germs which
were deemed by the decree to possibly exist therein at certain
times."

The dramatic effect that chlorination had on water supply
problems is well illustrated by comparing the first and second
editions of Hazen's book (1907 and 1914). 1In the first edition,
barely any mention of disinfection is made (merely a remark about
ozone being too expensive) but in the second edition, Hazen waxes
enthusiastic about the advantages of chlorination. As he says,
chlorination could be used "at a cost so low that it could be
used in any public waterworks plant where it was required or
advantageous...When the advantages to ke obtained by this simple
and inexpensive treatment became realized, as a result of the

£
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publicity given by the Jersey City exgerience, the use of the
process extended with unprecedented ragpidity, until at the
present (1914) the greater part of the water supplied in cities
in the United States is treated in this way or by some substitute
and equivalent method."

Interestingly from the point of view of the present report,
the introduction of chlorination also changed markedly the
established ideas about water quality standards: "The use of
methods of disinfection has changed these standards radically.

By their use it has been found possikle to remove most of the
remaining bacteria so that the water supplied can be as easily
and certainly held within one-tenth of one percent of those in
the raw water, as it formerly could ke held within one percent...
Even today the limit has not been reached. It may be admitted
that the time will come when a still higher degree of bacterial
efficiency will be required. Present conditions do not seem to
demand it, but we must expect that in some time in the future
conditions will arise which will make it necessary. When
additional purification is required it can be furnished." (Hazen,
1914) .

The importance of Hazen's book is that Hazen was a major
consulting engineer for a wide variety of water works, and was
very influential in recommending treatment methods. Chlorination
was introduced at about the time that adequate methods of
bacteriological examination of water had developed, permitting an
objective evaluation of the efficiency of treatment. This
evaluation was not based on the incidence of typhoid fever
directly, but was based on an indirect evaluation using bacterial
or coliform counts.

Soon after chlorination was introduced, it was possible to
obtain firm epidemiological evidence that cities chlorinating
water had lowered incidences of typhoid fever. The incidence of
typhoid fever in Philadelphia during the years 1880 to 1945 is
shown in Figure 1. Filtration was introduced in 1906 and
chlorination in 1913, and both led tc marked reductions in the
incidence of typhoid fever. Another dramatic example derives
from observations at Wheeling, West Virginia in 1917-1918 (Gainey
and Lord, 1952). The incidence of tygphoid fever in Wheeling was
155-200 per 100,000 during these years. Chlorination was
introduced in the latter part of 1918 with the result that during
the first three months of 1919 only 7 cases were recorded. For
three weeks during April 1919 chlorination was discontinued with
the result that the number of cases increased to 21, or a 300
percent increase. Chlorination was continued thereafter, and
only 11 cases were recorded for the last six months of the year.
Other examples of this sort could be cited (Gainey and Lord,
1952) .

Summary. We thus see that by the keginning of World War I
the essential features of water purification techniques were
known, and their worth had been well estaklished. Since that
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Figure 1 - Reduction of typhoid fever in Philadelphia
following treatment of the water supply. From: Human
Ecology and Public Health by Kilbourne, E.D. and Smillie,
W.G., p. 220, MacMillan, London, 1969.
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time there have been many refinements made at an engieering
level, but no changes in the kasic concepts. It is clear that
the prime motivation for the development and introduction of
purification methods has been to protect the public health, with
special concern for controlling the spread of typhoid fever. An
ancillary consideration has been esthetics, showing concern for
the appearance, taste, and odor of the water,

One point worth emphasizing is that the availability of
adequate treatment methods has influenced the standards for
drinking water. This point was implied in the kooks by Hazen
(1907 and 1914), but is most clearly seen in the preamble to the
1925 Federal standards, which superseded the brief 1914 Standards
(see Standard Methods, 7th edition, 1933, p. 136 for the complete
1925 standards). The following quote is relevant:

"The first step toward the estaklishment of standards which
will insure the safety of water supplies conforming to them is to
agree upon some criterion of safety. This is necessary because
*safety' in water supplies, as they are actually produced, is
relative and gquantitative, not absolute. Thus, to state that a
water supply is 'safe' does not necessarily signify that
absolutely no risk is ever incurred in drinking it. What is
usually meant, and all that can be asserted from any evidence at
hand, is that the danger, if any, is so small that it cannot be
discovered by available means of observation. Nevertheless,
while it is impossible to demonstrate the absolute safety of a
water supply, it is well established that the water supplies of
many of our large cities are safe in the sense stated above,
since the large populations using them continuously have, in
recent years, suffered only a minimal incidence of typhoid fever
and other potentially waterborne infections. Whether or not
these water supplies have had any part whatsoever in the
conveyance of such infections during the period referred to is a
question that cannot be answered with full certainty; but the
total incidence of the diseases has keen so low that even though
the water supplies be charged with responsibility for the maximum
share which may reasonably be suggested, the risk of infection
through them is still very small compared to the ordinary hazards
of everyday life."

At present other considerations make it necessary for us to
be less confident than was the 1925 Committee on Standards.
Typhoid fever and cholera are dramatic diseases whose causal
agents are transmitted by the water route. Typhoid fever
statistics have provided some of the kest evidence of the
efficacy of treatment systems, but it should be kept in mind that
other diseases, not so easily diagnosed, might also be kept under
control at the same time. The so-called Mills-Reincke theorem
held that, for every death from waterkorne typhoid, there were
several deaths from other diseases for which the causal agents
were transmitted by water (Whipple, 1921). At present, the
incidence of typhoid fever is so low in the United States that no
useful information on the effectiveness of recent changes in
water purification practices can be oktained from an examination


http://www.nap.edu/catalog.php?record_id=21354

of the statistics. During the years 1946-1970, there were 53
outbreaks of waterborne infectious disease due to typhoid, but
there were 297 outbreaks due to other kacterial or viral agents
(including 178 outbreaks of gastroenteritis of undetermined
etiology (Craun and McCabe, 1973). Of the outbreaks seventy-one
percent resulted from contamination of private water systems, but
most of the illness (83%) was associated with community water
systems. During the period 1946-1960 there were 70 outbreaks of
waterborne disease in communities served by public utilities,
(Weibel, et _al., 1964) of which only 6 were typhoid fever. When
data during this period for the numker of outbreaks are examined,
the incidence of typhoid is even lower--103 cases out of a total
of 19,928 (for a percentage of 0.5%). Even considering that
typhoid is more likely to be fatal than infectious hepatitis or
gastroenteritis of unknown etiology, the Mills-Reincke theorem
does seem to have considerable merit. Thus, the rationale that
has been used in devising standards for microbiological i
contaminants (see quote above from the 1925 Standards) does not
necessarily hold up to careful examination. The coliform
standards may have ensured freedom from typhoid fever, but we do
not have the same assuredness that they have guaranteed freedom
from other infections. Even granted that most of the outbreaks
reported have occurred because of breakdowns in the proper
functioning of water systems, the results do show that intestinal
infections other than typhoid are commgn, and because of their
often ill--defined nature, may be improrerly diagnosed. Finally,
only "outbreaks" find their way into puklic health statistics,
whereas sporadic, random cases of gastroenteritis generally go
unreported. The epidemiological significance of the present
microbiological standards warrants continuing investigation to
bring about further refinements in meeting the goal of maximum
public health protection.
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APPENDIX II

Legislation and Terms of Reference of the Study
The Safe Drinking Water Act of 1974 and the NAS study

(Public Law 93-523)

The National Academy of Sciences Study

Purpose of legislation

The purpose of the legislation is to assure that the public
is provided with an adequate quantity of safe drinking water. It
is to assure that water supply systems serving the public meet
minimum national standards for protection of public health.

Until passage of the Act, the Federal Government was
authorized to prescribe drinking water standards only for water
supplies used by interstate carriers, and they were enforceable
only with respect to contaminants capable of causing communicable
diseases. Public Law 93-523 authorized the Environmental
Protection Agency to establish Federal standards for protection
from all harmful contaminants and established a joint Federal-
State system for assuring compliance with these standards and for
protecting underground sources of drinking water.

Abridged summary of the legislation

a. Required the Administrator of EPA to prescribe national
drinking water regulations for contaminants which may
adversely affect health.

b. Provided that such regulations apply to public water
systems and protect health to the maximum extent
feasible.

Ce. Provided that interim primary regulations be prescribed
initially and that, after a study by the National
Academy of Scinces, health goals were to be established
and revised primary regulations promulgated. That
portion of the Act pertaining to he NAS study and the
scope of work is detailed Lelow.

d. Provided for a number of other requirements and
administrative authorizations not directly related to
the NAS study.

Need for legislation

Congressional hearings, EPA studies, and evidence from a
number of sources established that legislative authority prior to
passage of the Act was inadequate to assure that water supplied
to the public was safe to drink.
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This conclusion was based on evidence that waterborne disease
outbreaks still occur in this country. Examples include an
epidemic at Riverside, California in 1965 that affected 18,000
people, an outbreak of gastroenteritis in Angola, New York in
1968 affecting 30% of the population and an epidemic of
giardiasis in Rome, New York in 1974 affectig almost 5,000
people. According to a 1970 EPA survey of 969 drinking water
supply systems, approximately 8 million people in this country
are served water that is potentially dangerous in that it failed
to meet the mandatory standards set Ly the Federal Government
with respect to interstate carrier systems. 'The deficiencies in
the majority of cases were in smaller systems.

Until passage of the Act there was no provision in Federal
law to protect the public fom chemical poisoning and none to
protect those not traveling on interstate conveyances from being
supplied with drinking water which may cause communicable or
noncommunicable illness.

Several extensive surveys have shown serious deficiencies in
the number of water samples examined and in the bacteriological
and chemical quality of drinking water. Many systems had
physical deficiencies including poorly grotected groundwater
sources, inadequate disinfection and clarification capacity. 1In
addition, plant operators were inadequately trained. Plants were
not being inspected by State or local authorities. In one
survey, 50 percent of plant officials did not remember when, if
ever, they had been surveyed by a State or local health
departmet.

House of Representatives Report No. 93-1185 and Senate Report
No. 93-231 and Public Law 93-523 are the sources of information
for the foregoing.

Public Law 93-523 (Section 1l412(e)) mandated the NAS study as
follows:

l. The Administrator shall enter into appropriate arrangements
with the National Academy of Sciences (or with another
independent scientific organization if appropriate
arrangements cannot be made with such Academy) to conduct a
study to determine:

A. The maximum contaminant levels which should be
recommended in order to protect the health of persons
from any known or anticipated adverse effects, and

B. The existence of any contaminants the levels of which in
drinking water cannot be determined but which may have
an adverse effect on the health of persons.

2. The result of the study shall be reported to Congress no
later than 2 years after the date of enactment of this title.
The report shall contain:
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3.

4.

S.

A. ' A summary and evaluation of relevant publications and
unpublished studies;

B. A statement of methodologies and assumptions for
estimating the levels at which adverse health effects
may occur;

C. A statement of methodologies and assumptions for
estimating the margin of safety which should be
incorporated in the national primary drinking water
regulations;

D. Proposals for recommended maximum contaminant levels for
national primary drinking water regulations;

E. A list of contaminants the level of which in drinking
water cannot be determined kut which may have an adverse
effect on the health of persons; and

F. Recommended studies and test protocols for future
research on the health effects of drinking water
contaminants, including a list of the major research
priorities and estimated costs necessary to conduct such
priority research.

In developing its proposals for recommended maximum
contaminants levels, the National Academy of Sciences shall
evaluate and explain the impact of the following
considerations:

A. The existence of groups or individuals in the population
which are more susceptible to adverse effects than the
normal healthy adult.

B. The exposure to contaminants in other media than
drinking water (including exposures in food, in the
ambient air, and in occupational settings) and the
resulting body burden of contaminants.

C. Synergistic effects resulting from exposure to or
interaction by two or more ccntaminants.

D. The contaminant exposure and kody burden levels which
alter physiological function or structure in a manner
reasonably suspected of increasing the risk of illness.

In making the study under this suksection, the National
Academy of Sciences (or other organization) shall collect and
correlate:

A, Morbidity and mortality data and

B. Monitored data on the quality of drinking water. Any
conclusions based on such correlation shall be included
in the report of the study.

Neither the report of the study under this subsection nor any
draft of such report shall be sukmitted to the Office of
Management and Budget or to any other Federal agency (other
than the Environmental Protection Agency) prior to its
submission to Congress.
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6. Of the funds authorized to be apgropriated to the
Administrator by this title, such amounts as may be required
shall be available to carry out the study and take the
report.

Scope of Work

The Academy will undertake to complete the study and report
described in Section 1412(e) of the Puklic Health Service Act, as
amended by the Safe Drinking Water Act, with the following
understanding: The Academy considers that the intent of Congress
in using the phrase "maximum contaminant levels which should be
recommended ... in order to protect the health of persons from
any known or anticipated adverse effects® is to provide for
recommendations that are consistent with the best scientific
knowledge. It is the Academy's judgement that from a scientific
point of view, the absolute guarantee of safety implied by this
language cannot be made for most or all of the contaminants to be
studied. The Academy report will explain and discuss this point.
Accordingly, with respect to recommended levels, taking only
health effects into account, the Academy's report will provide
the following:

(1) Where there are sufficient data from which a human dose-
response relationship can ke rrojected with some degree
of precision, a projection will ke made. The projection
will be explained and its qualifications will be made
explicit.

(2) For contaminants for which the data are of sufficient
quantity and quality, the Academy will exercise its
scientific judgement and identify and propose
contaminant levels for which it anticipates the risk of
adverse health effects to be specifiable and very small.
The risks at the prorosed levels will be described, with
an explanation as to why no “safe" level has been
identified.

(3) For contaminants for which the evidence provides no
scientific basis or methodoclogy for recommending levels,
the Academy will describe the available data, and its
significance in terms of known or anticipated adverse
health effects.

Thus further definition of the scope of work was developed
jointly between NAS and EPA.
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