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The Public Health Significance of Trace
Chemicals in Waste Water Utilization

HILLEL I. SHUVAL 1

The practice of waste water utilization has grown considerably in recent years, owing to
the growing demand for water for agricultural, industrial and domestic purposes. Such
utilization presents certain problems in respect of the quality of the reclaimed water, on
account of the presence of certain trace chemicals in the waste waters to be re-used. The
presence of these trace chemicals may have important consequences in the agricultural
or industrial utilization of waste waters, but from the public health point of view it is in
the re-use of waste waters for domestic purposes that their presence has most importance,
owing to their possible toxic effects.

This paper discusses the public health significance of trace chemicals in water, with
special reference to some of the newer complex synthetic organic compounds that are
appearing in ever-increasing numbers in industrial wastes. Current information on the
acute and chronic toxicity of these substances is reviewed and related to possible methods
of treatment of waste waters.

In conclusion, the author points out that the problem of trace chemicals is not confined
only to direct waste-water reclamation projects, but arises in all cases where surface
waters polluted with industrial wastes are used as a source of domestic supply.

GROWING IMPORTANCE OF WASTE WATER UTILIZATION

The practice of waste water utilization is not a
new development. Examples of the use of sewage
effluents for agricultural and other purposes can be
found in many areas of the world, going back
hundreds of years. However, in recent times there
has been a growing demand for water for agricultural,
industrial and domestic purposes. In some areas,
this demand has already outstripped the available
supplies from natural water sources. In the constant
search for additional water sources, more and more
thought has been given in recent years to the reclama-
tion or utilization of waste waters, both domestic
and industrial, as a useful source for additional
water supply. An extensive survey of waste water
utilization practice carried out in California has
shown that there are already hundreds of existing
projects for the reclamation of waste waters for
domestic, industrial, recreational and agricultural
purposes (California, State Water Pollution Control
Board, 1955, 1957).

1 Chief Sanitary Engineer, Ministry of Health, Jerusalem,
Israel. This report was prepared during 1961-62, when the
author was Visiting Associate Professor in Public Health
Engineering, School of Public Health, University of Michigan,
Ann Arbor, Mich., USA.

In California (op. cit.), in Texas (Gloyna et al.,
1959) and in Israel (Amramy, 1960; Shuval, 1962),
preliminary studies have shown that waste water
reclamation can provide additional economic sources
of water which are competitive with other possible
water sources that may involve transportation of
water over long distances or demineralization of sea
water.

QUALITY PROBLEMS

The utilization of waste water does, however,
present many new problems from the point of view
of water quality. The quality requirements for water
for agricultural, industrial, recreational and domestic
purposes vary greatly. In each case there are phy-
sical, chemical and bacteriological characteristics to
be considered. Extensive research and field study
has been devoted to these problems. This paper will
deal primarily with a more limited aspect of this
problem-that is, the public health significance of
trace chemicals in waste water reclamation-
although some of the .agricultural and industrial
aspects will be touched upon. For the purpose of
this discussion, trace chemicals will be defined as
those elements or chemicals which are of significance
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in concentrations of one part per million (p.p.m.) or
less in waste waters or drinking-water. Although
the problem of trace chemicals requires special con-
sideration in respect of waste water utilization, it is
by no means confined to direct waste-water utiliza-
tion programmes alone. All water supplies derived
from polluted surface or subsurface sources must
face this increasingly complex aspect of water qua-
lity control.
While the chemical composition of purely domes-

tic sewage has been studied extensively over a long
period of years and the public health implications of
such chemicals in drinking-water are fairly well
understood, the tremendous increase in the flow
of industrial wastes has changed the picture com-
pletely. Today thousands of different organic and
inorganic chemical compounds are disposed of by
industry into the public sewers or streams, creating
entirely new problems to be dealt with when consider-
ing waste water reclamation. The importance attached
to these trace chemicals has grown considerably in
recent years owing to extensive research work,
which has brought to light new information con-
cerning their toxicological implications. It has
become apparent that such trace chemicals may
have, in addition to their possible acute toxic effects,
certain chronic effects when consumed over long
periods of time. Certain of these chemicals, such as
radioisotopes, may even have genetic effects at
concentrations far below those which would produce
any acute or chronic symptoms.

TYPES OF WASTE WATER RECLAMATION PROJECTS

Agricultural
The utilization of sewage for agricultural purposes

is probably the oldest known method of waste water
reclamation and there are many examples of sewage
irrigation projects and the use of sewage effluents
in fish-ponds. Trace chemicals from industrial
wastes are becoming an important problem in
agricultural utilization, and there have been cases
when chemicals toxic to plant life have adversely
affected sewage irrigation schemes.
The most widely known trace chemical in this

category is boron. Citrus trees and certain other
agricultural crops are sensitive to boron in con-
centrations as low as 0.67 p.p.m., while even the
more tolerant crops are adversely affected by con-
centrations between 2 and 3 p.p.m. (Wilcox, 1948).
Boron concentrations approaching these lower
limits have been found in sewage effluents in certain

areas. In Israel, industrial wastes containing boron
which were used for irrigation purposes are known
in one case to have destroyed a citrus grove. The
concentration of boron is increasing in normal
domestic sewage as well, owing to the recent intro-
duction of bleaching agents into many of the
washing powders. These bleaching agents are based
on perborates and, in one study carried out in
Israel, the boron concentration in the domestic
sewage reached the level of 0.8 p.p.m. The toxic
effect of trace chemicals on fish life has been studied
and fish kills in natural streams containing industrial
wastes are a common occurrence in the USA. There
have also been cases of fish kills in fish-ponds using
sewage containing certain toxic industrial wastes.
However, detailed consideration of the significance
of trace chemicals in agriculture is beyond the scope
of this paper.

Industrial

In more recent times the utilization of waste
waters for industrial purposes has grown in popular-
ity. One of the earliest and most important projects
of this type was designed by Wolman (1948) and
involved utilizing the treated sewage of Baltimore
for cooling-water in the nearby Bethlehem Steel
Plant at Sparrows Point, Md. Industries are also
using reclaimed waste water for steam production
and for process water. While the chemical com-
position of cooling-water is not usually critical in
industrial plants, process water or water used for
the production of steam must meet very rigorous
chemical standards. In most cases industry must
treat the normal water supply to meet its own qua-
lity needs.
Water used for steam production is often required

to contain no more than 0.5 p.p.m. of total dissolved
solids. No natural water can meet this standard, so
that the utilization of waste water for such a purpose
will, in all cases, require extreme treatment approach-
ing that of demineralization. Process water for such
industries as textiles, pulp and paper, and beverages
must also have a very low content of dissolved
solids and in very few cases can waste water treated
by the normal processes meet such specifications
without additional intensive treatment. Neverthe-
less, the number of industries utilizing waste water
is growing. In many cases industry has found such
utilization to be the most economic source of addi-
tional water, and the removal of the trace chemicals
to the desired level appears to be economically
feasible under certain conditions.
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Domestic

The utilization of waste water for domestic pur-
poses presents the greatest challenge from the
toxicological point of view. There have been very
few examples of the planned direct utilization of
waste water for domestic consumption. The
emergency use of reclaimed water for domestic
purposes at Chanute, Kans., in 1956 was most likely
the most carefully studied project of this type
(Metzler et al., 1958). However, in effect, many
American and European cities are using waste
water, diluted to a greater or lesser extent, for
domestic purposes by pumping water from heavily
polluted streams to the intakes of their water-
treatment plants. In addition, many communities
today are in essence using reclaimed waste waters for'
domestic purposes by pumping ground water that
has been continually fed and replenished by the
effluent from septic tanks that has been leached into
the soil through percolation pits. Several studies
have shown that organic pollutants, such as alkyl
benzene sulfonates (ABS), and nitrates are found
in such ground water formations in concentrations
approximating to those found in heavily polluted
surface waters (Nichois & Koepp, 1961; Woodward
et al., 1961).

Several projects are now under consideration for
the planned utilization of waste waters for ultimate
domestic use. In California, studies have been made
of recharging waste waters to the ground water
table, either by direct injection into wells or by
spreading, with the ultimate object of use for
domestic purposes (California, State Water Pollution
Control Board, 1957; Laverty, Stone & Meyerson,
1961).
In Tel Aviv and the Dan region in Israel (Shuval,

1962) planning is now under way for the develop-
ment of an extensive utilization project whereby the
treated effluent will be spread on sand dune areas
for the purposes of recharging the ground water.
The reclaimed waste water will be pumped up from
the ground water and used for agricultural and
domestic purposes. It is planned that this project
will ultimately utilize the effluent from some one
million people, producing a sewage flow of approxi-
mately 75 million US gallons per day (280 000 m3
per day).

In all cases where waste water is being used,
inadvertently or by intention, for ultimate domestic
consumption, the problem of the toxicological
significance of trace chemicals is becoming ever more
important. Major consideration must still be given

to the microbiological and physical aspects of water
quality, since many important problems remain in
this connexion, but in the remainder of this paper
quality considerations in respect of trace chemicals
will be dealt with solely.

CHEMICAL STANDARDS FOR DRINKING-WATER

The most widely accepted chemical standards for
drinking-water, such as those drawn up by the US
Public Health Service in 1946 and those of the
World Health Organization (1958), define threshold
limits for only a limited number of inorganic
chemicals based primarily on considerations of
acute toxicity. Few standards are concerned with
the multitude of organic substances that form a
substantial part of industrial waste output. There
has been a tremendous increase not only in the
number and type, but also in the volume, of struc-
turally complex chemicals about which little toxico-
logical information is available.
The number and complexity of insecticides, herbi-

cides, solvents and cleaning compounds at present
being disposed of in industrial waste is indeed
staggering. For example, several hundred pesticide
chemicals are now in use in the USA and the number
of products and formulations registered under the
Federal Insecticide, Fungicide and Rodenticide Act
exceeds 90 000 (Woodward, 1960). The total sales
of ABS in the USA reached 466 million pounds
(over 200 million kg) in 1958, while a similar amount
of organic pesticides was also sold. Many of these
chemicals ultimately find their way into drinking-
water supplies, either through sewerage and indus-
trial waste or through direct contamination of waste
sources.
The US Public Health Service is currently con-

sidering a revision of the 1946 Drinking Water
Standards and the present proposals (United States
Department of Health, Education, and Welfare,
1961) include, for the first time, maximum allowable
concentrations of ABS as well as of total organic
matter as determined by the carbon-chloroform
extract (CCE) test (0.2 p.p.m.). The proposed ABS
limit is 0.5 mg/litre, which was included primarily
for aesthetic reasons since this concentration is
considered to be somewhat below the threshold for
foaming. The maximum allowable concentration
from a toxicological point of view would most likely
be considerably higher, as has been indicated by
extensive research on this subject (Freemans et al.,
1945; Renn & Barada, 1961). The new proposed
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standards also include for the first time the maximum
allowable concentrations ofradio-nucleides. In order
more fully to comprehend the toxicological implica-
tions of the many other trace chemicals found in
waste waters which might ultimately be of public
health importance in drinking-water, Stokinger &
Woodward (1958) presented an excellent model for
the derivation of toxicological standards in drinking-
water. They based their work on toxicological data
obtained from a variety of sources in respect of large
numbers of industrial chemicals. Most of the
toxicological data are derived from feeding experi-
ments, which employ the route of entry which is of
primary concern in the evaluation of the health
hazards of waste water, although a major difficulty
will arise in applying these experimental data to
human populations generally. Four sources of
practical information on the degree of toxicity and
of the hazards for man or animals of a large number
of industrial chemicals are:

(a) The threshold values for industrial substances
in air, which have been developed by a committee
of the American Conference of Governmental
Industrial Hygienists (A.M.A. Arch. industr. Hlth,
1957). The list at present comprises approximately
250 substances that can be adapted to the develop-
ment of water standards.

(b) The tolerances of pesticide residues on raw
agricultural commodities, as established by the Food
and Drug Administration (United States Depart-
ment of Health, Education, and Welfare, 1955).
These tolerances, based on detailed toxicological
data that are suitable for adaptation to the develop-
ment of water standards, have been assessed for a
group of approximately 90 substances of industrial
importance, in addition to those appearing in the
above-mentioned threshold limit list.

(c) The toxicological classification of all sub-
stances, both inorganic and organic, according to the
type of compound.

(d) Toxicity data from nutritional studies.

Stokinger & Woodward (op. cit.) have made such
toxicological calculations for a few types of inorganic
and organic compounds. Examination of these
shows the interesting fact that organic substances in
general can often be tolerated at far higher con-
centrations than most of the inorganic substances.
It appears that the body is able to detoxify a wider
variety of organic substances than inorganic sub-
stances (Stokinger & Woodward, op. cit.). A limiting

factor of the above calculations is the fact that they
are based mainly on experiments on healthy adult
animals. Hence it is necessary to allow for a possible
increased toxicity on account of extreme youth, age
or disease. The downward revision of the calculated
value for the limiting concentration may be con-
siderable, depending upon the circumstances. For
example, from what is known of the toxicity of
drugs for infants, the dose for them is between 20%
and 1% of the adult dose. In instances of this sort,
where the dosage reduction is known to be large
because of toxicity, a commensurate reduction in the
limiting water concentration must be made in order
to arrive at an acceptable standard.
Of particular concern in establishing water

standards are substances known as chelating agents.
Such agents are organic compounds possessing
groups which have the capacity of uniting simul-
taneously with a metal in both an ionic and a co-
valent (non-ionic) bond. The resultant metal organic
complex then behaves toxicologically with altered
potency, at times with seriously augmented effects.
Such agents complicate an already complex toxi-
cological picture.
The question of determining limits for chemicals

suspected of having a potentially carcinogenic effect
is almost insoluble. The reasons for this are:

(a) There is no chemical carcinogen for which the
minimal dose for the lifetime of man is known.

(b) What is or is not a carcinogen for man cannot
at present be inferred with certainty from animal
studies.

The role of carcinogenic substances and irritants
as influences in the onset of carcinogenesis is far
from clear. The presence of such substances in
polluted streams would add imponderably to the
difficulty of setting a satisfactory water standard for
such substances.
Although few epidemiological data are available

concerning the effect of the complex synthetic
organic compounds, it has been shown that certain
of the aromatic amino and nitro compounds with
high carcinogenic potency are found in wastes from
textile, rubber, and plastic production.
The US National Water Quality Network data

reveal that average aromatic chemical concentra-
tions vary between 0.001 and 0.004 p.p.m. (United
States Department of Health, Education, and
Welfare, 1960). It was as high as 0.037 p.p.m. in
parts of the Mississippi River and 0.080 p.p.m. in
the Hudson River. Petroleum products as well as

794



PUBLIC HEALTH SIGNIFICANCE OF TRACE CHEMICALS N WASTE WATER RE-USE

coal tars, tar oils, and chromium are known to have
carcinogenic effects. Some pesticides are capable of
eliciting benign or malignant tumours in various
organs, although it is considered unlikely that
pesticide concentrations in surface waters will ever
reach such levels. Synthetic detergents are not
carcinogenic in themselves, but when in contact
with the mucosa of the alimentary tract they may
facilitate contact with other carcinogenic compounds,
thus increasing their potency (Heuper, 1961).
Despite the fact that there is no clear-cut epidemio-
logical evidence of carcinogenic effects of trace
chemicals in waste water, the circumstantial evidence
concerning some of these products does create an
additional concern when considering the public
health aspects of waste water utilization.
From the above it can be seen that the establish-

ment of reasonable and safe standards for the
multitude of trace chemicals which may be of public
health siificance in any waste water utilization
project is an extremely difficult and complex problem
which may take many years of intensive research to
clarify.

TRACE CHEMICALS IN POLLUTED WATERS

Natural trace elements
Before considering the trace chemicals found in

waste waters as a result of pollution, it should be
mentioned that certain trace elements have been
found to occur naturally in unpolluted waters. The
US Geological Survey (Durum, 1962) has found the
following concentrations of trace elements in natural
water supplies: silver, 1 ,tg/litre; aluminium, 2500
,Lg/litre; boron, 58 ug/litre; barium, 152 ,ug/litre;
cobalt, 5 ,tg/litre; chromium, 40 ,ug/litre; copper,
105 fLg/litre; iron, 1400 pg/litre; lithium, 81 ,tg/litre;
manganese, 150 ,ug/litre; molybdenum, 2.6 ,ug/litre;
lead, 55 utg/litre; titanium, 106 ,ug/litre. These con-
centrations are generally far below the generally
considered toxic limits, but in certain special cases
may be of public health significance.

Inorganic pollutants
Much can be learned about the problem of trace

chemicals in waste water utilization from a consider-
ation of the presence of such chemicals in polluted
waters currently being used for drinking purposes.
As was stated earlier, many of the surface supplies
of drinking-water in the USA and elsewhere are, in
effect, re-used waste water in greater or lesser
dilutions and, in some cases, ground water may be
similarly polluted. In the past little attention has

been paid to the trace chemicals being considered
in this paper and few data are available.
However, one fundamental study is being carried

out on the Pittsburgh water supply (Shapiro et al.,
1961). This project is aimed at studying the physio-
logical aspects of water quality. Numerous samples
of water were analysed by the most sensitive ana-
lytical methods feasible, for a period between
October 1960 and February 1961. The concentra-
tion of 20 elements was determined on a routine
basis. Preliminary results indicate that, at least in
some cases, concentrations found at Pittsburgh
might be detrimental to the health of the public
consuming such water. More extensive studies of
other heavily polluted streams would be required
to obtain a fuller picture of the extent of this prob-
lem as it exists today.

Organic pollutants

The concentration of organic trace chemicals in
polluted surface waters and ground waters has also
been studied intensively in recent years.
The carbon-chloroform extract (CCE) technique

of the US Public Health Service has proved to be a
valuable tool in determining the amounts of dissolved
organic substances existing in a water supply
(Middleton, 1961). This technique, which is also
called the carbon-filter technique, is based on the
adsorption of the organic content of the waste by
passing 3000 to 5000 US gallons (about 10-20 mi3) of
the liquid through a filter containing activated
carbon and the subsequent extraction of the organic
constituents first with chloroform and then with
alcohol. Differential readings are given for the
alcohol-soluble constituents and the chloroform-
soluble constituents. Studies have shown that the
amount of total organic matter recoverable by this
technique varies considerably between relatively
unpolluted sources and those which are heavily
polluted. The following examples (Metzler et al.,
1958) may be indicative of this: (a) Columbia River
at Bonneville Dam (relatively free from pollution),
120 ,ug/litre; (b) Detroit River near Wyandotte
(heavily polluted), 465 ,ug/litre; (c) Merrimac River
at Lawrence, Mass. (heavily polluted), 743 ug/litre;
(d) Chanute, Kans. (recirculated waste water),
992 ,ug/litre. In a study carried out by Sproul &
Ryckman (1961) of the concentration of organic
matter in various industrial wastes, it was found
that the total organic concentration, as determined
by the CCE technique, varied for various industrial
wastes between 7.4 mg/litre and 630 mg/litre.
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Middleton (op. cit.), using the CCE technique,
found many organic trace chemicals of potential
significance to public health in rivers and drinking-
water. In his studies he found DDT, aldrin, o-nitro-
chlorobenzene, tetrahydronaphthalene, naphthalene,
chloroethyl ether, acetophenone, diphenyl ether,
pyridine, nitriles, aldehydes, ketones and alcohols.
The safe limits of most of these organic substances
remain to be established. Workers in England are
reported to have isolated two known carcinogens,
3,4-benzpyrene and 1,2-benzathracene, from sewage
sludge. Whether or not these carcinogens also
appear in public water supplies has not been estab-
lished. However, as mentioned above, the drinking-
water standards recently proposed by the US Public
Health Service (United States Department of Health,
Education, and Welfare, 1961) limit the concentra-
tion of dissolved organic substances for the first
time to 0.2 p.p.m. Concentrations above this level
are generally objectionable from a taste and odour
point of view, and it is not felt that this limit has
toxicological significance.
Kinney (1960), in evaluating taste and odour

problems, discussed the role of phenols; it has been
stated that as little as 0.002 p.p.m. of phenol can
cause taste when chlorine is added, but Kinney feels
that the concentration may be as high as 0.1 p.p.m.

Synthetic detergents

The problem of synthetic detergents has been
given increasing attention, particularly in view of its
nuisance value, since water containing concentra-
tions of ABS over 1 p.p.m. begins to show signs of
foaming, which is a decidedly undesirable quality in
any drinking-water. Studies carried out by Nichols
& Koepp (1961) in Wisconsin have shown that the
ABS concentration in heavily polluted well water
was as high as 10 mg/litre and that 32.1 % of 2167
samples taken from privately owned shallow wells
had measurable amounts of anionic detergents
present.
With the ever-increasing use of synthetic deter-

gents for domestic purposes, concentrations in waste
water can be expected to grow. There has been a
700% increase in use of detergents in the USA in the
past ten years (American Water Works Association,
Task Group 2661P, 1959). In an extensive study of
the ABS concentrations in rivers and water supplies
in 32 cities throughout the USA, it was found that
100% of the samples had ABS concentrations equal
to or less than 0.14 p.p.m., the average of all samples
being 0.024 p.p.m. (Association of American Soap

and Glycerine Producers, 1961). It appears from
several studies 1 that the acute oral toxicity of ABS
is relatively low and that the LD50 ranges from 1 to
2.3 per kg of body-weight.

Little is known of the chronic toxicity of ABS, but
there seems to be an indication from American and
British studies that the maximum concentration for
drinking-water might be, from a toxicological point
of view, as high as 500 p.p.m. The maximum con-
centration ofABS reported in sewage so far has never
been higher than 15 p.p.m., and that reported in
drinking-water has generally been even lower. So
that from the toxicological point of view the con-
centration of ABS in reclaimed waste water may not
be critical, although the foaming generated by low
levels of ABS may be of aesthetic significance.

Insecticides
The problem of insecticide residues in waste

water also causes some concern. In a number
of rivers in the USA, such as the Detroit, Missouri
and Mississippi, DDT concentrations have been
found to vary between 0.001 and 0.2 p.p.m. (Ameri-
can Water Works Association, Task Group 2661P,
1959). There are as yet no official limits for insecti-
cides in water and toxicological standards for
foods are not consistent. For example, the DDT
residual allowed on some foods may be as high as
7 p.p.m. while no DDT residual is allowed in milk.
The organophosphorus group of insecticides is

acutely toxic to mammals and even more toxic to
fish. The LDso for male rats of organic phosphates
used as pesticides is as high as 6.1 mg/kg for Phosdrin
and 13 mg/kg for parathion. Some acute effects of
organic phosphates occur from repeated small
doses (Fitzhugh, 1961). It has also been shown that
the combined action of more than one individual
pesticide may increase the toxic effects and com-
plicates the evaluation of the safety of the pesticides
in food or water. As the number of contaminants
increases the problem of evaluating accurately the
toxicological hazards of pesticides in water becomes
increasingly complex.
From the above information it can be seen that

the problem of synthetic substances as well as certain
inorganic trace chemicals in public water supplies is
already causing some concern, and any programme
of waste water utilization must give this aspect its

I American Water Works Association, Task Group
2661P (1957); Association of American Soap and Glycerine
Producers, (1960); England and Wales, Ministry of Housing
and Local Government (1956); Freemans et al. (1945);
Paynter (1961).
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fullest consideration. The fact that the records do
not reveal any human illness involving these trace
chemicals in public water supplies does not give any
assurance for the future, since it must be assumed
that there is a limit to human tolerance to these
materials even in dilute concentrations (American
Public Health Association, Water Supply Com-
mittee, 1959). Perhaps this limit has already been
reached in certain areas with respect to certain sub-
stances without symptoms being recognized. A
careful comparison of health statistics in selected
-areas might reveal signs that have been overlooked.

REMOVAL OF TRACE CHEMICALS IN

WASTE WATER UTILIZATION

Standard sewage treatment

The usual mechanical and biological treatment
processes for waste water are not particularly
effective in removing inorganic chemicals, as might
be expected from the nature of the processes.
Therefore, it can be expected that in waste water
reclamation projects the concentration of inorganic
trace chemicals in the waste water effluent will often
be carried over to the final water supplies utilized for
domestic, industrial or agricultural purposes.

Ettinger (1961) has recently summarized the ability
of standard sewage-treatment processes to remove
chemicals. There is little or no reduction in dissolved
solids and chlorides, while there is often an increase
in the concentration of nitrates. Reduction in ABS
varies from about 30% to 50%, while activated-
sludge plants have been shown to be quite effective in
reducing phenols to very low levels. Cyanide can be
effectively destroyed by a sewage-treatment plant.
The chances are good that a secondary plant will
reduce or remove much of the chromate that reaches
the plant, if the amounts are not too large. The effect
of the standard sewage-treatment processes on the
dissolved organic substances (CCE test) has not yet
been thoroughly studied. There does seem to be
some indication that a primary plant will reduce the
concentration of such substances by a percentage
corresponding closely to that for solids' removal.
In a secondary plant enough additional material
should be taken out to bring the reduction to about
90%. There is evidence (Kinney, 1960) that phenols
are subject to biological destruction by oxidation in
open streams as well as in treatment plants. On the
other hand, Middleton (1961) has pointed out that
some contaminants are highly resistant to normal
biological processes which are expected' to remove

them. In one case o-nitrochlorobenzene was de-
tected at the point of discharge at St. Louis, and all
Mississippi sampling-points down to New Orleans,
1000 miles (1600 km) away, picked up the chemical,
which apparently did not degrade materially despite
the long flow.

Other studies have indicated that certain of the
organic and synthetic chemical pollutants are reduced
by classical as well as by newer methods of sewage
treatment. In the studies carried out on the re-
cycling of waste water for domestic purposes in
Chanute, Kans. (Metzler et al., 1958), it was found
that the efficiency of the sewage-treatment processes
varied for different organic compounds. At Chanute,
the sewage was treated in a trickling-filter operating at
800 pounds of BOD per acre-foot per day (approxi-
mately 300 kg per 1000 m3 per day) and the effluent
received further treatment in an oxidation pond
with a 17-day detention period. The ABS reduc-
tion at the sewage-treatment plant was approxi-
mately 25%, while in the stabilization pond it was
approximately 80% of the ABS entering the lagoon
during the period under study. The reduction of the
complex phosphates (as P04) was 67%, and that of
total nitrogen was 56 %, in the sewage treatment.
The oxidation pond for impounding the treated

sewage proved to be remarkably effective in removing
certain of the organic substances, in particular for
reducing the total nitrogen and ammonia (Metzler
et al., op cit.). There is no clear evidence as to the
mechanism by which the ammonia was removed,
but it is clear that the two to three weeks' storage
in this shallow impoundment resulted in major
improvement in water quality, and the removal of
ABS in the oxidation pond was significantly greater
than could be expected by normal sewage-treatment
processes alone. This method of sewage treatment
might well prove to be among the more effective for
the removal of organic trace chemicals and should
be more fully studied. The work of Oswald et al.
(1962) in California also points to high-rate stabiliza-
tion ponds as an extremely effective method of
preparing waste water for re-use.
The reduction of ABS in sewage-treatment pro-

cesses and in streams has been studied by other
groups in America and England (American Water
Works Association, Task Group 2661P, 1959;
McKinney & Symans, 1959). While soap is readily
attacked and destroyed by bacteria, this is not true
of synthetic detergents since the chemical structure
of ABS blocks degradation. It appears that the
failure to break down is caused by a quaternary
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carbon atom in the alkyl group located where a
hydrocarbon chain joins the benzene ring (McKinney
& Symans, op. cit.). A new ABS compound has been
developed in Europe that differs in chemical structure
from the conventional ABS compounds but, from a
manufacturing and cost point of view, is essentially
the same. The new compound can be attacked by
normal biological treatment processes such as
trickling-filters and 94% of it can be removed, as
compared with the much lower percentage removal
of conventional ABS compounds by standard
sewage processes. It has also been found that the
new compound produces less foam, which is, at the
moment, the most important consideration in any
limitation of the ABS concentration in water
supplies. Other studies have been made of the
removal of ABS from heavily polluted waters
(Renn & Barada, 1961) through special treatment
processes. Activated carbon has been found to be
the most adaptable and effective adsorption me-
dium; 90% removal has been obtained by such
techniques. Natural clarification and silting also
appear to remove ABS in some cases.

Passage through the ground
There is need for further understanding of the

extent to which trace chemicals are removed by
passage of polluted water through the ground. The
chemistry of the various types of soil has not been
adequately studied. The chemical content of water
flowing through an aquifer will depend to a large
extent on the adsorptive, desorptive and ion-
exchange capacity of the soil. Which of the trace
chemicals found in the waste water to be reclaimed
are likely to be permanently adsorbed and which
are likely to be eluted by subsequent flow has not
been fully studied.
McKee (1961) raised in particular the problem of

nitrates when they leach downward through the
ground from heavily polluted sources. Under
aerobic conditions, especially in the percolating
waters of the zone of aeration, they may be expected
to remain as nitrates, but in the absence of dissolved
oxygen and in a reducing atmosphere, will they
change to nitrites, perhaps even to nitrogen gas?
Data from the Netherlands (Baars, 1962) show
that the concentration of nitrate decreased after

the dissolved oxygen had diminished. A similar
problem exists concerning the fate of ABS in
circulation through the aquifers. It has been shown
that ABS can travel through soil for appreciable
distances. A significant reduction can be obtained
through biological treatment processes and the half-
life of ABS in surface streams has been estimated at
16 days (McKee, 1961); but it is not yet clear what
will be the fate of ABS in ground water, owing to
the fact that bacteria are filtered out in the first few
feet of flow, nor is it known what effect anaerobic
conditions have on the stability of ABS.

Greenberg & McGauhey (1955) carried out a
study of the chemical changes in sewage during the
reclamation of water from sewage by spreading.
The spreading operation was conducted on Hanford
fine sandy loam. The results indicated that quan-
titative changes in the liquid are few. The concentra-
tions of calcium, magnesium, sodium, and chlorides
remained the same; potassium decreased about
50%. Ammonia and phosphates were completely
removed within the first 4 feet (about 1 m) of
vertical water travel. Sulfates and bicarbonates
increased by about 30 %. Nitrate-ion concentrations
increased by about 200%. These phenomena are
explained in terms of the biological activity of the
soil.

CONCLUSIONS

From the foregoing it can be seen that, in addition
to the usual microbiological and chemical para-
meters used in judging water quality, special atten-
tion should be paid to the many new exotic industrial
chemicals, particularly where the public health
evaluation of waste water reclamation projects is
concerned. Toxicological information concerning
both acute and chronic effects as well as standards
are more often than not lacking for these trace
chemicals in waste water and special efforts should
be made to study their public health significance.
These problems are of particular concern in the
growing interest in the direct reclamation of waste
water, but they apply equally today to those many
communities throughout the world which, in effect,
are utilizing waste water by drawing their water
from open streams polluted with domestic sewage
and industrial wastes.
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RESUMm

L'utilisation des eaux usees s'est generalis6e ces der-
nieres ann&es, avec la demande en eau toujours accrue,
pour I'agriculture, l'industrie et les usages domestiques.
La qualit6 a exiger de ces eaux pose de nouveaux pro-
blemes i mesure qu'augmentent et se diversifient les
produits chimiques synthetiques employes dans l'indus-
trie, dont l'action toxique eventuelle sur l'homme, a la
longue, n'est pas connue.

L'auteur aborde la question - en fonction de la sant6
publique - des impuret6s microchimiques dues a des
produits se trouvant dans les eaux usees a des concen-
trations de 1 p.p.m. au maximum. Les reglements
concernant les eaux potables ne visent essentiellement
qu'un certain nombre de substances chimiques inor-
ganiques, connues pour leur haute toxicite. Parmi les
nouvelles substances que l'on envisage d'inclure dans
les reglements revises concemant 1'eau de boisson, aux
Etats-Unis, figurent 1'alkylbenzene sulfonate (la limite
proposee - 5 mg/l - est la quantite qui ne produit
pas d'ecume), les radionuclides, la quantit6 de matieres
organiques totales. Environ 90 substances peuvent
etre ajoutees a la liste des substances deja visees. Les
normes pourraient etre etablies d'apres les donnees
concemant la pollution de l'air et les residus de pesti-
cides, par exemple.
Des travaux sur la toxicite, deja effectues, on peut

deduire qu'en general les substances organiques sont
mieux tolerees que les inorganiques, par les animaux,

comme si l'organisme possedait a leur egard un pouvoir
detoxifiant plus eleve. Les agents chelateurs, qui forment
des complexes organo-metalliques dont la toxicite est
parfois plus elevee que celles des constituants isoles,
viennent encore compliquer une situation deja complexe.
La question de la teneur en substances cancerogenes est
a peu pres insoluble, faute d'etudes a long terme sur
1'homme. On sait pourtant que certains amino- et nitro-
composes aromatiques cancerogenes se trouvent dans
les eaux usees de l'industrie des textiles, du caoutchouc
et des matieres plastiques, ainsi que dans celles de l'in-
dustrie petroliere, du goudron et du chrome. Les deter-
gents, quoique non cancerogenes par eux-memes, pour-
raient peut-etre faciliter F'acces des muqueuses aux
agents cancerogenes. Les insecticides entrent pour une
part dans ces dechets eventuellement toxiques (le DDT a
et trouve & raison de 0,001-0,02 p.p.m. dans les eaux
du Missouri et du Mississippi).

L'auteur discute ensuite l'efficacite des methodes de
traitement des eaux usees appliquees actuellement, et leur
combinaison 6ventuelle pour eliminer les impuretes
microchimiques.
Ce probleme ne conceme pas seulement la recuperation

directe des eaux usees industrielles, mais il touche les
collectivites qui utilisent indirectement les eaux us&es,
en recourant a des eaux de surface qui peuvent etre
polluees par les dechets industriels.
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