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Strictly speaking, the first edition of WATER QUAL-
ITY CRITERIA did not have a preface as such. Instead,
the information normally presented in a preface was
contained in the letter of transmittal. The following
material has been excerpted from that letter.

In compliance with the terms of the contract by and
between the State of California and the California In-
stitute of Technology, dated 4 January 1951, an investi-
gation has been made of the technical and legal litera-
ture pertaining to water-quality eriteria for the various
beneficial uses of water. The report submitted herewith
embodies a condensation and critical evaluation of such
literature, along with a bibliography and appendices.

A prominent feature of the new legislation for water-
pollution control in California is the provision. for a
‘“cage-by-case”’ study of each problem of pollution, with
abatement requirements to be based upon the economics
of waste treatment as well as upon the injury to poten-
tial beneficial uses of polluted waters. Of necessity, this
‘¢ cage-by-case’’ stipulation precludes a broad-brush treat-
ment on a state-wide or even regional basis, and it rules
out rigid stream standards and the arbitrary zoning of
gtreams or underground basins., In effect, then, it de-
pends on astute judgment by members of the water-
pollution-control boards and such judgment must be

founded on the most recent, complete, and reliable eom- .

pendium of data pertaining to the limiting and thresh-
old concentration of each potential polluting substance,
for each possible heneficial use of the water.

It was the primary aim of this project to assemble,
condense, and evaluate the readily available literature
pertaining to water quality and its effects upen the
beneficial uses of water. Such literature includes the
fundamental work of original investigators, as well as
standards and requirements of other state and inter-

state agencies. The scope of the survey ineluded, fur-

thermore, a review of judieial expressions to determine
court rulings and decisions that have dealt with the
reasonableness or unreasonableness of water-quality
standards as established by public agencies. The second
aim of the projeet was to present the material in a
manner that would be most nseful to the water-pollution-
control boards and their staffs, ie., to design the report
to serve as a manual or handy reference for water-
quality eriteria.

The State Water Pollution Control Board has been
designated as the state ageney with which the U.S. Pub-
Lic Health Service deals for the purposes of the Federal
Water Pollution Control Act. Because the state board
has ultimate over-all power and responsibility for en-
forcing the state laws relating to water pollution, the

scope of this report has been broadened to include all -

potential pollutants and contaminants, whether chem-
ical, physical, bielogical, or radioactive, regardless of
their origin in municipal sewage or industrial wastes.
Fach substance that may enter the waters of the State
is deemed to be a ‘‘potential’”’ pollutant—potential in
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the sense that, if concentrated sufficiently, it can ad-
versely and unreasonably affect such waters for one or
more benefieial uses; and. yet, if diluted adequately,, it
will be harmless to all beneficial uses.

Tnasmuch as the concentration of a potential pollutant
in water is a funetion not only: of the amount of poliut-
ing substance added but also of the factors of dilation
and self-purification in surface waters and ground
waters, a chapter entitled ‘‘General Considerations”’
has been included in the report to deseribe and explam
such factors. Other chapters include an enumeration of
the standards promulgated by other state and inierstate
agencies, 2 review of judicial expression pertaining to
water-quality criteria, and a summary of the quality
requirements for the major beneficial uses of the water.

The bulk of the report, however, consists of a survey.
of the potential pollutants, whether chemical, physical,
biological, radiological, or mixed, arranged in alphabet-
ical order according to the most logical designation, with
appropriate cross-referencing. For each pollutant is
given a brief statement of general information, such as
its characteristies and typical sourees, followed by cross-
references and bibliography, and finally a summary of
limiting and/or threshold concentrations for various
beneficial uses, as demonstrated by original investiga-
tors or as promulgated by enforcement agencies. It is
this ehapter that should prove of most value for the
California concept of water-poliution control.

The factors that influence pollution and enfer into
case-hy-case studies include, in additien te the strength
and volume of the polluting waste, the effects of pH,
temperature, synergism or antagonism, dilution, mixing,
chemieal and bicchemical changes, veloeity of flow, re-
quirements of beneficial uses, and many other variables.
The combination and interplay of these many factors are
so ecomplex and they exert such an influence on each pol-
lution problem that any attempt to establish a classifica-
tion system or a tabulation of standards appears to be
inadvisable. In fact, the use of the word ‘‘standard’”
has been avoided in the title of this report, for it signi-
fies ‘‘any definite rule, prineiple, or measure established
by anthority’’. Instead ‘‘eriterion’” has been ehosen for
it designates ‘‘a means by which anything is tried in
forming a correct judgment respecting it’’. This report,
therefore, presents water-quality criteria, and any at-
tempt to generalize or condense them into rigid stand-
ards or requirements has been avoided as eontrary to
the California concept of water-pollution control.

The conduct and the management of this project and
a large proportion of the detailed work of abstracting,
evaluating, and organizing the material was the respon-
sibility of Mr. Richard H. Gilman, IT1, project engineer.
In this work he was ably assisted by Mrs. Thelma Lin-
derman, who also served as secretary and typed most of
the manuscript. For the review of the law literature and
the preparation of much of Chapter IV, ‘‘Judietal Ex-
pression’’, we are indebted to Mr. Earl C. Borgeson of



the Los Angeles County Law Library. Mrs. Pearl Horo-
witz served as biological consultant and abstracter dur-
ing the early phases of the project and later prepared
much of the manusecript for Chapters V and VI. We are
also grateful for the assistance of several part-time
abstractors and stenographers. To the many people
throughout California, the entire U.S,, and many foreign
lands who responded so generously to our requests for
information and data, and to the staff of the California
Institute of Technology library which: secured innumer-
able obseure references, we offer our deepest thanks and
appreeiation. ;

As Euripides wisely observed, ‘*One man does not
see everything’’. With this thought in mind and eog-

nizant of the limitations of the project staff, an Ad-
visory Committee was selected to provide assistance and
guidanee. The names and affiliations of the members of
the Advisory Board are tabulated on the following page.
Members of the Committee twice met formally with the
project staff, and several individual members ealled at
the project office, or communicated with the staff, to
provide valuable suggestions and sources of information.
We are deeply indebted to the members of the Advisory
Committee for their helpful assistance and advice, and
we trust that this report fulfills their expectations,

J. E. McKEE
Pasadena, California :
June, 1952




PREFACE TO THE SECOND EDITION

The overwhelming response to the published version
of the original report on WATER QUALITY CRI-
TERIA came as & surprise to the authors and to the
California State Water Pollution Control Board. Writ-
ten to fill a need in the case-by-case analysis of water
pollution in California, this compendium was gought,
accepied, and used extensively throughout the United
States and indeed in many other countries. By permis-
sion of the state board, the book was translated into
Japanese and published in Japan. Despite a second
printing by the State of California in 1957, the steady
loeal, national, and international demand eghausted the
supply within a few years. A third printing, however,
would have been ill-advised in view of the tremendous
amount of literature that has accumnlated in the past
decade and the progress that has been made in water-
quality control. Instead, the State WPC Board elected
to have a thorough revision and expansion of the orig-
inal report. '

The second edition bears many resemhlances fo the
first report. The objectives, scope, and limitations are
generally the same as before. Format and style remain
unchanged, perbaps to the chagrin of some readers. But
there are many improvements in the second edition. The
bulk of it has been rewritten to incorporate a wealth
of new information. Indeed, data on certain aspeets of
water quality have accumulated to the extent that sep-
arate chapters were needed to do justice to their presen-
tation. For this reason, biclogical pollutants, radicactiv-
ity, pesticides, and cnrface-active agents became the
subjects of chapters separate from the parent chapter on
potential pollutants.

A significant change in the second edition has been the
attempt to summarize. It ig not easy to do so. As pointed
out in the first edition, the independent variables tend-
 ing to cause a diversity of data (e.g., synergism, antag-
onism, temperature, speeies, prior exposure) often oui-
weigh the factors of ceniral tendency. As a consequence,
definitive threshold concentrations and limiting values
are difficalt to establish. It was the policy in the first
edition to present a condensation of the literature and
let the reader draw his own conelusions.

Tt has been reasoned, however, that the abstracters
and project staff are in a better position than the reader
to summarize the data. For that reason, summaries are
presented for many potential pollutants in Chapters V to
X inclusive. They are given, however, only when the data
are so definitive that they can be summarized logically.
‘Where there is much of a question about threshold con-
centrations, no attempt has been made to summarize.

The chapter entitled ¢« Judieial Expression’” has been
completely rewritten, this time by Mr. Paul Freeman, an

attorney who speeialized in water law. Having personally
abstracted much of the literature in relation to pesti-
cides, Dr. Ralph Pressman was asked to prepare the
original draft of the chapter on this subject. For 2
gimilar reason, Mr. Jack Pation was the logical person
to write the ehapter on surface-active agents. We are
grateful indeed for the assistance of these three research-
ers and writers. :

The project was managed by Mr. Harold W. Wolf,
Senior Sanitary Engineer of the U.S. Public Health
Service, who proved to be a real “‘bird dog’’ in tracking
down obscure references. To him goes the credit for the
fact that this second edition covered the original version
of many references in German, French, and Russian, and
not merely their English summaries or abstracts. Mr.
Wolf also wrote two of the chapters and helped to edit
the others. He was ably assisted during most of the
project by Mrs. Sharon MeMichael, who served as secre-
tary and also typed some of the manuseript. She was
retired to motherhood in the later stages of the project
and replaced by Miss Joann Kiekover to whom we are
indebted for much of the final manuseript.

To cover thousands of references, it was necessary to
rely on abstracters with technieal training in chemistry,
biology, engineering, and pharmacology. In this work
we received excellent service from Dr. Ralph Pressman,
Mr. Jack Patton, and Mr. Adolph Gottfureht who among
them handled German, French, and Russian liferature
as well ag that in English. The project also utilized the
services of seven other abstracters, jneluding Mrs. John
F. Kennedy. Finally, we are indebted to the staff of the
library at the California Institute of Technology who
socured innumerable obscure references and provided
valuable advice in the literature survey. To the many
authorities throughout the world who responded so gen-
erously to our requests for snformation and techmical
data we shall be eternally grateful.

During the preparation of the first edition an Advisory
Committee was formed to provide assistance and guid-
ance. The services rendered by this group made impera-
tive the appointment of a similar eommittee for the sec-
ond edition. The names and affiliations of the members of
this second Advisory Committee are tabulated on the
following page. Although the group did not meet for-
mally, individual members provided valuable suggestions
and sources of information. To the entire Commitiee
we wish to extend our sincere thanks.

J. E. McKe=n

Pasadena, California
February, 1963
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FOREWORD

This is the second edition of WATER QUALITY CRITERIA (Publication
No. 3A). The general format remains the same, but the second edition has been
thoroughly revised to incorporate the greai amount of new information avail-
able. One of the authiors in the “‘Preface to the Second Edition” describes the
revisions in more detail. His “Preface to the First Edition” gives background
information, particularly the need for the publication in relation to water

pollution control.

WATER QUALITY CRITERIA was first published in 1952 and proved to
be a necessary and exceedingly valuable reference book in the California water
pollution control program. An addendum was published in 1954 to bring
WATER QUALITY CRITERIA up to date. In 1957 a second printing was made
of the combined original edition and the addendum. This printing was exhausted

in a few years.

In light of the demand for WATER QUALITY CRITERIA and realizing the
importance of keeping this publication up to date, the former State Water Pollution
{(later Quality) Control Board on July 1, 1960, contracted with the California
Institute of Technology for a revised and updated review and evaluation of
technical and scientific literature pertaining to criteria of water quality. The
project was under the direction of Dr. Jack Edward McKee, Professor of Environ-
mental Health Engineering, and was managed by Mr. Harold W. Wolf, Senior
Sanitary Engineer of the U. 5. Public Health Service. The succeeding pages
present the report prepared (with others) and edited by Dr. McKee and Mr. Wolf.
It was submitted on February 28, 1963. Printing and distribution of the report
was authorized by the State Board on May 7, 1963. '

Although the investigation reported herein was conducted under the SpONSOr-
ship of the State Water Pollution Control Board, and with the assistance of the
U. S. Public Health Service, it should be pointed out that the conclusions and
recommendations - given in the report WATER QUALITY CRITERIA, Second
Edition, are those of the editors and authors. Attention is also invited to the
fact that this report is primarily a survey and evaluation of the literature and a
compendium of data on water quality criteria. It does not represent, establish,
or recommend specific values for standards, requirements or objectives of water

quality for either the State of California or the Public Health Service; nor 1s
it intended to reflect official opinions or policies.

* ® *

The Legislature of the State of California by enacting Chapter 284, Statutes
of 1967, consolidated the tunctions of the former State Water Rights Board and
the State Water Quality Control Board (suceessor agency to the former State
Water Pollution Control Board) under the State Water Resources Control Board.
This change is reflected on the cover of this publication but not in the text.

April, 1971



W. M. KECK LABORATORY OF ENVIRONMENTAL HEALTH ENGINEERING
- California Institute of Technology
Pasadena

28 Febrnary 1963

State Water Pollution Control Board
Mr. Paul Beermann, Chairman
State of California, Résources Ageney
1227 “Q’’ Street :
Sacramento 14, California

Gentlemen :

In compliance with the terms of Standard Agreement No. 12-14 between the State of California and the
California Institute of Technolo , dated 1 July 1960, an Investigation has been made of the technical and
scientific literature pertaining to the criteria of water quality for various beneficial uses of water, The
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CHAPTER |
INTRODUCTION

BACKGROUND OF WATER POLLUTION.
CONTROL IN CALIFORNIA

The control of water pollution in the State of Cali-
fornia turned a monumental corner in 1949 with the pas-
sage of Assembly RBill No. 2034, Chapter 1549, which
added Division 7 to the Water Code. This act provided
meéans for coordinating the programs of the various state
agencies and political subdivisions of the State in the
eontrol of water pellution, through a Qtate Water Pollu-
tion Control Board and nine regional boards. That such
coordination was neeessary is evident from the Report of
the Assembly Interim Faet-Finding Committee on Water
Pollution. (1) popularly known as the Dickey Report,
after its Chairman, the Honorable Randal F. Dickey.
For further background information dealing with prob-
lems of water-pollution abatement in California and the
legislative hearings that led to the present law, the reader
is referred to the Dickey Report and its appendices.

A decade of experience and progress in water-pollu-
tion control in California vevealed that eertain changes
in the original aet were advisable in order to implement,
clarify, and strengthen the statutes. At jts 1959 Regular
Session, therefore, the Legislature made substantive
changes in the Water Pollution Control Aect as set forth
in Division 7 of the. California Water Code (2). Provi-
sions in the act were added, repealed, or amended by the
enactment of three bills: Assembly Riil No, 1974 (Chap-
ter 1299), Assembly Bill No. 1063 (Chapter 2053), and
Assembly Bill No. 1947 (Chapter 854). A full review of
the 1949 Act and the changes of 1959 is beyond the puar-
view of this report. All further references to the Cali-
fornia Water Pollution Control Aet relate to the statutes
in effect after 1959. ' _ :

In Division 7 of the State Water Code (2), the Legis-
lature wisely recognized that problems of water poliu-
tion in California are primarily regional and dependent
upon factors of preeipitation, topography, and popula-
tion, as well as upon recreational, agrieultural, and in-
dustrial development, all of which may vary greatly
from region to region. Insofar as problems of water pol-
lution are involved, the snow-capped mountains of north-
ern California differ from the Mojave Desert as signif-
jeantly. as Vermont differs from Arizona; and the
industrialized San Francisco Bay area Is as different
from the San Joaquin Valley as New York Harbor is
from central Texas. Consequently, Division 7 established
nine regional water-pollution-control boards that have
the primary responsibility for administration, investiga-
tion, and enforcement of the program.

Tt is State policy in California ‘‘that the waier Te-
sources of the State be put to beneficial use to the fullest
extent of which they are capable and that the waste or
unreasonable use or unreasonable method of use of
water be prevented.”’ Moreover, “‘hecause of the wide-
spread demand and need for the full utilization of the

(1)

water resources of the State for beneficial uses, it is the
policy of the State that the disposal of wastes into the
waters of the State shall be so regulated as to achieve
highest water guality copsistent with maximum benefit
to the people of the sfate and shall be controlled so as
to promote the peace, bealth, safety, and welfare of the
people of the State” (2). :

Although the primary responsibility for the program
rests at the regional board level, there are certain powers
and duties reserved unto the State Water Pollution Con-
trol Board. It is significant to note Rection 13022, which
reads: “The state board shall formulate and adopt a
state-wide poliey for comtrol of water poliution with
due regard for the authority of the regional boards.
Such policy shall be in conformity with the policies set
forth in Chapter 17’ (largely deseribed in the foregoing
paragraph), and also Seetion 13025, which states:
{c\WWhenever a Tegional board fails to take or obtain ap-
propriate action to correct any particular existing or
threatened condition of pollution or nuisanece; the state
board shall direct that action to correet the. eondition
be taken by any state agency having jurisdiction or
may, itself, take sueh action.”’ :

In the light of these two important duties, the state
board considered early in 1950 that it had the responsi-
bility to make known its ideas on the subject of water-
quality requirements, the factors that enfer into their
determination, and the means by which water-pollution
problems may be analyzed so as to reach an equitable
Jecision as to water-quality requirements. At that time,
the board recognized that it should apalyze and sum-
marize the thoughts of its members on this subject be-
fore any issue demanding decision came before them, -
and it also recognized that the regional boards were en-
titled to be advised in advance of the procedure that the
state board would follow in reviewing the actions of the
regional boards.

To facilitate matters, the state board appointed from
among its members a Committee on Water Quality Cri-
teria and charged it with studying the problem, review-
ing what had been done in other states, and preparing
a preliminary draft of a document that would set forth
the principles involved in the establishment of equitable
water-quality requirements.

The first progress report of the committee (3) ap-
peared on 2 March 1950 and was given wide circulation
among technical and trade journals, trade associations,
and individnals throughout California and the rest of
the United States in order to stimulate eriticism, sugges-
tions, and discussion. It was also published in the Jour-
nal of the American Water Works Association (4) con-
currently with the new set of standards adopted by the
New York State Water Pollution Control Board. The re-
port was divided into three parts: (a) a statement of the
new concept of water-pollution control in California,
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{(b) an outline of a proposed method of analysis of waste-
disposal problems with an example, and (c) a table of
water-quality requirements, known as ““Exhibit A.?’

As they would to any such document that was dis-
tributed so widely, criticism, suggestions, and other eom-
ments’ poured into the State WPC Board, Most of the
replies were complimentary to the statement of philos-
ophy and the approach to problems of pollution abate-
ment, but some were critical of the tabulation of water-
quality requirements or to certain parts thereof. Among
the eonstruetive eriticisms were several suggestions that
““Exhibit A’" be deleted until after a thorough survey
of the technical literature had been made and research
had established nzmerical water-quality criteria that,
with judgment and diseretion, could be applied safely
and equitably in California.

The Committee on Water Quality Criteria took cog-
nizance of many of the favorable eomments and con-
struetive eriticisms by amending its original progress
report. The second report, entitled *‘ Water Quality.Eva}I-
uation’’, differed from the initial report primarily in
that ‘““Exhibit A" and the example of analysis of waste-
disposal problems were deleted. This revised report was
approved at the 3 May 1951 meeting of the state board.

CURRENT STATEWIDE POLICY

As a result of 1959 legislative amendments to the Cali-
fornia Water Pollution Control Aect, and in light of ten
years of operating experience, the two doeuments_de—
seribed above were superseded by rules and regulations
of the State WP(C Board pertaining to statewide policy
for the eontrol of water pollution, filed in the California
Administrative Code under Subchapter 4, Chapter 3,
Title 23.

Article 1 of Subchapter 4, titled “‘Declaration of
Poliey”’, was adopted on 8 June 1960. In general terms,
it sets forth the general and fundamental prineiples that
are inherent in the pollution control legislation, by
which state and regional boards will be guided in exer-
cising their assigned duties. For the most part, thege
prineiples are described above under the heading of
background information.

Article 2, adopted 11 January 1961, is the first of &
series of detailed policy statements. Titled “Prineciples
and Factors to be Considered in Formulating Waste
Discharge Requirements for the Control of Water Pollu-
tion”’, it makes known the ground rules upon which the

state board will bage its decisions in the event that dis-.

charge requirements established by a regional board
need to be reviewed. Although it was developed pri-
marily for the use of the state board in fulfilling its own
duties, this regulation also serves as a suggested proce-
dure for the guidance of the regional boards. Much of
the following information is quoted directly from Artiele
2,

“In the formulation of waste-discharge require-
ments, it is recognized that ;

(a) Beneficial uses made of a water are the con-
trolling factors in determining water-quality levelg
that are to be maintained.

(b) For every beneficial use, there are certain
‘Water-quality requirements which must be met to as-

sure that the water will be suitable for that benefi-
eial use,

(¢) Receiving waters have varying degrees of waste
assimilative capacity, and the addition of waste mate.
rials may change the chemiea], Dhysical, and biological
characteristies of the water withont necessarily ereat-
ing significant adverse effects on the beneficial water
uses.

{(d) The formulation of waste-discharge require-
ments should be so designed as to (1) secure that de-
gree of care in the Placning and operation of works
for the treatment and disposal of sewage and indys.
trial wastes as will adequately protect the public
health and the beneficial uses of waters of the
State and (2) at the same time permit the legitimate
planned usage of those waters for receiving snitably
Prepared wastes 5o that an orderly growth and expan-
sion of cities and industries may be possible.”’

Before a regional board can preseribe requirements
for specific waste discharges, it must determine the bene-
ficial water uses that it intends to preserve and protect.
The board must next define water-quality objectives
whick will assure the suitability of the water for the
recognized béneficial uses, giving due regard to the en-
virenmental characteristics of the hydrographie unit un-
der consideration. The ‘enunciation of beneficial uses and
the definition of water-quality objectives ean be aceom.
plisked by either of the following methods:

*“{a) Under the statutory authority of Water Code
Seetion 13052(e), adopting water-quality plans and
policies for the major hydrographic units within the
Jurisdietion of the regional board or, until such plans
and pelicies are adopted,

“{b) Considering, on a case-by-case basis, the bene-
ficial uses and water-quality objectives in the imme.
diate area of the waste discharge.

“Where practical and feasible, the state hoard en-
courages use of the first method on the grounds that
it provides the most sound and rational long range
approach to an effective water-pollution-control pro-
gram by making it possible to simplify and integrate
the preseribing of waste discharge requirements on
major hydrographie units: The second method, how-
ever, may be used pending the formulation and adop-
tion of basinwide or regionwide plans and policies.”’

It is important for the out-of-state reader to note at
this point that Californis does mot have statewide or
even regionwide water-quality standards or the planned
zoning of streams or underground basins, Instead, each
problem of actual or potential pollution is studied on
the basis of loeal conditions and eurrent knowledge.
Hearings are held to establish the beneficial uses of the
water to be protected and to enable all interested parties
to submit relevant information. The regional board then
promulgates ‘““‘requirements’ which govern the guality
of the efffuent, and/or the conditions to be maintained
in the receiving waters (surface or underground). Ex-
amples of thege requirements are presented in Chap-
ter ITI.

It is the present policy of the state board to maintain

-the highest possible water quality, in contrast to follow-
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ing & direction of making maximum use of receiving
waters for waste assimilation. Waste-discharge require-
ments are designed to achieve this objective s0 as to give
full protection to recognized beneficial water uses. If
requirements developed under this philosopby appear
unreasonable to the disebarger, the burden of proof rests
with the discharger to show why it is reasonable and
proper that the requirements be made less rastrietive.
In evaluating reasonableness, the board will recognize
the prineiple of cost-benefit relationship.

Of necessity, the ‘‘ease-by-case’ study of each prob-
lem of polution preeludes a “‘hroad-brush’’ treatment
on a statewide or even regional basis and it rules out
rigid stream standards and the planned zoning of
streams or underground basins. In effect, then, it de-.
pends on astute judgment by the members of the water-
pollution—cohtrol boards and such judgment must be
based on the most recent, complete, and reliable com-
pendium of data on the Hmiting and threshold eoncen-
tration of each potential poliuting substanee for each
possible beneficial use of the water.

THE ORIGIN OF WATER QUALITY CRITERIA

Receognizing the need for gsueh a compendium upon
which water-quality objectives or requirements could be
based, the State WPC Board entered into an agreement
with the California Institute of Technology on 4 January
1951 to make a literature survey dealing with water-
quality ecriteria for various beneficial uses of water, and
to submit a final report of its survey. This contract led
to the printing in 1952 of Publication No. 3 of the State
WPC Board, entitled WATER QUALITY CRITERIA.
By permission of the state board, the book was translated .
into Japanese and published in Japan. As a handy source
of information on the limiting and threshold eoncentra-
tion of hundreds of potential water pollutants, the first
edition proved to be a mecessary and exceedingly valu-
able reference book in water-pollution control, not only
in California but throughout the United States and in
many foreign eountries. :

Realizing the importance of keeping thig publcation
up to date, in view of the rapid aceumnlation of litera-
ture in this field, the state board on 1 July 1353 con-
tracted with J. BE. McKee to prepare an Addendom to
WATER QUALITY CRITERIA, which was published
in 1954, A steady local, national, and international de-
mand for the original volume, which was quickly out of
print, led the U. S. Public Health Serviee fo assist the
Qtate in financing a limited second printing in 1957 ; but
it too was soon exhausted. ,

The Addendum of 1954, although patterned after the
original volume and thoroughly integrated with it,
proved te be eumbersome and incomvenient to use. A
second addendum would have compounded the difficulty.
For this reason and in light of the 1959 amendments to
the California Water Pollution Control Aet and the new
statewide poliey as described hereinbefore, it was deemed
advisable not to make a second reprinting of the original
volume of WATER QUALITY CRITERIA and not to

prepare further addenda. Instead, a thorough resump-

tion of the investigation and critical evaluation of water-
quality criteria was authorized by the State WPC Board,

to be undertaken by the California Institute of Tech-
nology through an agreement dated 1 July 1960. It was
expected that this project would result in a complete,
up-to-date, integrated seecond edition of WATER QUAL-
ITY CRITERIA. The scope of this work and the aims
of the project staff in preparing the following report are
described later in this ehapter.

QTHER ASPECTS OF THE NEED FOR
WATER QUALITY CRITERIA

The foregoing paragraphs describe the origin of this
report on criteria of water quality insofar as the State
of California is concerned; but who else needs such eri-
teria apd why? What is the need in other states and
other countries? How can the need be defined? How ur-
gent is it? Why hasn’t it been filled over the decades?
Why is the term criferia used? Why not speak of the
need for data, or standards, or objectives? It is germane
for this report to examine these questions and especially
4o determine the magnitude and seope of the need for
criteria of water quality. It is also important fo describe
some of the problems facing authorities who are respon-
sible for the management of this nation’s water resources
(1742).

Criteria of water quality are needed (1)} by water-
pollution-control authorities on federal, state, and loeal
Jovels who must Testrict or regulate the discharge of
sewage and industrial wastes to the nation’s water
courses and ground-water basins, (2) by waterworks en-
gineers and chemists who are responsible to the con-
sumer for the quality of treated and delivered water,
despite any pollution of the source, (3) by aquatie and
marine biologists who strive to protect fisheries resources
and other water life, (4) by irrigation engineers who are
responsible to the farmer for the quality of water de-
Livered to crops, (5) by veterinarians and animal hus-
bandrymen who are eoncerned about the tolerance of
livestock to polluted water, (6) by public-health author-
ities and by engineers in environmental health who are
concerned with all of man’s eontact with his environ-
ment, including bathing and boating, (7) by hydraulic
engineers who design and operate impounding dams,
navigational facilities, water power plants, and harbor
works, and finally (8) by municipal, industrial, and con-
sulting engineers who must design and operate systems
for handling municipal and industrial wastes.

‘What criteria are needed? What analyses are impor-
tant for the protection of our water contact? Can some
tests be dispensed with or perhaps minimized ? How are
Jecisions made relative to the significance of eriteria?
At present, chemists and mierobiologists in water-supply
organizations and regulatory agencies for the most part
are performing the tests that they know how to perform.
More specifically, they are running the tests that are
eonventional. It is possible, indeed probable, that several
important trace eonstitnents are being overlooked. Con-
versely, some of the conventional tests are relatively
meaningless for the protection of water quality in cer-
tain instaneces. _

To establish a current picture of water quality, it is
essential to tollect, eollate, and evaluate all available
information relative to the effeets of each potential pollu-
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tant on each possible beneficial use of water. Such a
compendium is bound to reveal that there are many gaps
in current knowledge and it will indicate areas where
further research and investigation are needed.

Urgency of the Need for Criteria

That the need exisis for better criteria of water qual-
ity is beyond contention, but how urgent is this need?
Why hasn’t it been filled before? Until recently, many
people believed that the nation’s water resources, except
in the arid West, were abundant and virtually inex-
haustible. The flow of these waters has been measured
for many decades by the U. 8. Geological Survey, and
the probability of each magnitude of flow in futmre
years can be predicted with increasing reliability.

One thing is certain. Barring a major change in cli-
mate or geological configuration, the average volume of
- available water resourees will not increase. Indeed, it
may even decrease slightly as more reservoirs permit
bigher evaporative losses and as more water is used con-
sumptively. Attempts are being made to inerease the
supply of fresh water by desalinization of sea water, by
artificial nucleation of clouds, and by suppression of
evaporation. It is unlikely, however, that these measures
will provide a sizable inerease in the total fresh-water
resources. This nation must learn to live within its nato-
ral water budget and to manage its present water re-
sources wisely.

In contrast with a fixed supply of water, the demand
for fresh water is being increased by a growing popula-
tion, expanding industry, and complex changes in teeh-
nology. Concomitant with the expanding demands for
fresh water of good quality are the increased discharges
of waste products to the nation’s water courses. Worse
still are the magnitude and variety of new substances
being discharged—substances about which little is known
in relation to their effects on the beneficial uses of water.,

In his message to Congress on 23 February 1961, Pres-
ident Kennedy said, ‘“Pollution of our country’s rivers
and streams has—as a result of our rapid population and
industrial growth and change—reached alarming pro-
portions. To meet all needs—domestie, agrieunltural, in-
dustrial, recreational—we shall have to use and rense
the same water, maintaining quality as well as quantity.
In many areas we need new sources of supply—but in
all areas we must protect the supplies we have’’ (1743).

To epitomize, the supply of natural water remains
constant, the demand for it inereases, and its quality
deteriorates. Can there be any question that the need is
argent for additional information relative to the effects
of water quality on beneficial nses?

Why hasn’t this need been filled more adequately in
past decades? One reason has been the lack of an acute
urgency. More plausible, however, is the fact that until
recently analytical techniques and instruments for meas-
uring many of the pollutants were not available. Where
once the water chemist relied on simple physical and
chemical tests, he now has at his disposal equipment such
as the flame photometer and the infra-red spectropho-
tometer to measure trace elements, molecular-ilter-mem-
brane techniques for bacteriological and biological analy-
ses, adsorptive devices such as the carbon filter for
microanalysis of odoriferous compounds, and chromato-

graphic apparatus for partition -separation of organie
Hquids and gases.’

‘While many of these techniques are still confined to
research laboratories, their impact will be felt increas-
ingly in waterworks and irrigation practice and in wa-
ter-pollution eontrol. In addition to improved laboratory
techniques, there is a trend toward electronic instrumen-
tation to provide continuous analyses and graphie rec-
ords of water quality of a flowing stream,

Criteria, Objectives, Requirements, and Stundards

The title of this report and the foregoing discussion
deal with eriferia. Why not use the more common des-
ignation of standards or objeetives or reguirements?
‘Wherkin do these words differ?

The term ‘‘standard’’ applies to any definite rale,
principle, or measure established by authority. The key
words in this definition are definite and established by
authority. The faet that a standard has been established
by authority makes it quite rigid, official, or quasi-legal.
An aunthoritative origin does net necessarily mean that
the standard is fair, equitable, or based on sound secien-
tific knowledge, for it may have been established some-
what arbitrarily on the basis of inadequate technical
data tempered by a eautious. factory of safety. Where
health is involved and where scientific data are sparse,
such arbitrary standards may be justified. There is a
tendency, however, for regulatory authorities to promul-
gate standards of questionable scientifie justifieation to
serve as a cruteh that facilitates administrative action
and enforcement. A further discussion of various types
of standards and their use is contained in Chapter III.

A far better word to describe an administrative de.
cision by a regulatory body is *‘requirement.’’ It Tepre-
sents a requisite condition to fulfill a given mission. It
does not necessarily have the connotation of scientifie
justification nor does it give an impression of immuta-
bility. Requirements are less likely to be as rigid or fixed
as standards. In California, the regional -water-pollu-
tion-control boards are directed to preseribe require-
ments for every existing or proposed discharge of sew-
age or industrial waste, but such requirements may be
revised from time to time (Section 13054 and 13054.1
of Division 7, California Water Code). Indeed, “*No re-
gional board, by preseribing requirements, shall be pre-
cluded thereafter from revising requirements relative to
the same disposal area or receiving waters. A discharge
pursuant to the preseribed requirements shall not ‘ere-
ate a vested right to continue such discharge under the
same requirements’’ (Section 13002, Division 7, Califor-
nia Water Code). Examples of requirements by Califor-
nia WPC Boards are given in Chapter ITL

The word ‘‘objective’’ represents an aim or a goal
toward which to strive, and it may represent an ideal
condition that is difficult, if not impossible, of economic
attainment. Most certainly, however, it does not imply
strict adherenee nor rigid enforcement by a regulatory
ageney. It is gaining favor among engineers on boards
and commissions that strive to achieve water-pollution
control by persunasive methods and cooperative action. Tt
avoids the rigidity and authoritativeness of standards
and it does not have the enforcement element of re-

quirements.




A “‘criterion’’ designates a means by which anything
is tried in forming a correct judgment respeeting it.
TUnlike a standard it carries no connotation of authority
other than that of fairness and equity ; nor does it imply
an ideal condition. When scientific data are being ac-
cumulated to serve as yardsticks of water quality, with-
out regard for legal authority, the term ‘teriterion’’ 1s
most applicable. For this reasom, this report has been
entitled WATER QUALITY CRITERIA. As a compen-
dium of criteria, it should be useful in prescribing re-
gquirements in California, and it can be used as a guide
by any agency that desires to establish standards or
objectives.

To be useful, a eriterion should be capable of gquan-
titative evalnation by acceptable analytical procedures.
Without numerical criteria, vague descriptive qualita-
tive terms are subject to legal interpretation or admin-
istrative deeisions. A eriterion should also be capable of
definitive resolution, ie., unaffected ingofar as possible
by synergism, antagonism, or other complicating factors.

There is a tendency, which should be avoided assidu-
ously, to let criteria become rigid and perhaps ripen into
standards. For this reason, every eriterion should be re-
garded as flexible snformation to be kept constantly un-
der surveillance.

AIMS OF THIS INVESTIGATION

Compliance with the contract between the State WPC
Board and the California Institute of Technology re-
quired resumption of the previous investigations and re-
ports_involving a review ‘and eritical evaluation of the
technical and seientifie Jiterature or other sources of in-
formation that have appeared since the preparation of
WATER QUALITY CRITERIA and its Addendum
dealing with water-guality information related to vari-
ous beneficial nses of fresh and/or salt water, such as
domestic water supples, industrial water supplies, irri-
gation, stock and wildlife watering, the propagation of
fish and other aquatie or marine life, recreatiopal use,
and navigation.

The agreement specifies that the investigation and re-
port shall include, but not necessarily be limited to, the
following items:

1. A collation and evaluation of up-to-date water-
quality standards or requirements ernbodied in and ap-
plied through ordinances, legislation, and the rules and
regulations of state and interstate agencies dealing
with water pollution. :

9. A review and critieal evaluation of literature re-
porting original research to establish deleterious con-

centrations of potential pollutants for speeific benefi-

cial uses of water.

3. A survey of reecent technical papers dealing with
dilution, mixing, tidal actions, purification mecha-
nisms in surface and ground waters, synergism, an-
tagonism, and other factors that may infiuence the
application of water-guality ecriteria to individual
problems of water pollution.

4. Findinge, conelusions, and recommendations from
which the State WPC Board can promulgate guide-

_ lines of water quality for specifie beneficial uses.
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5. Recommendations for further investigations
‘and/or research into water-quality problems. .

6. A final report, including a bibliography of-ref-
erence material, consisting of a manuseript ready for
printing. ‘ :

The original project and the first edition of WATER
QUALITY CRITERIA ‘included an investigation of
court rulings and judicial expressions that have involved
water-quality standards as established by public agen-
cies. Although this phase of the project was not renewed
for the Addendum and not speeified in the current eon-
tract, the Executive Officer of the State WPC Board
asked that it be included in this report and made eur-
rent.

Shortly after the ineeption of the original project, it
became apparent to the staff that the California philos-
ophy of water-pollution econtrol, involving a case-by-case
study of each potential problem of pollution, called for
more than a conventiomal literature survey. Each re-
gional board and its staff, as well as the state board,
needed a handy reference book in which could be found
a synopsis of the literature relating to the effect of each
potential pollutant upon each possible beneficial nse of
water, with proper bibliographical notations so that
further reading could be pursued, when necessary.

The enthusiastic reception and international use of the
firsi edition of WATER QUALITY CRITERIA indi-
cated to the State WPC Board that publication of this
information filled a need far beyond that of the regional
boards within California. Revision and modernization of
the text, therefore, represented a contribution to the
science and practice of water-pollution eontrol through-
out the U.8.A. and elsewhere. For this reason, the co-
operation and assistance of the U. S. Public Health Serv-
ice was solicited and obtained, as deseribed in the Preface
and Acknowledgements.

It is the primary aim of this report, therefore, to serve
as a eompendium of current literature on the subject of
water-quality eriteria. Correlated with the primary aim
is an -attempt to present the material in a manner that
will be most useful to the water-pollution-control boards

and their staffs. For this purpose, the report has been
cross-referenced extensively and may seem to be repeti-
tious in places, but the repetition helps to make the vol-
ume easier to use, as explained under ¢‘Qrganization of
the Report,’’ which follows.

SCOPE AND LIMITATIONS

The scope of this investigation js delineated for the
most part by the agreement and the aims deseribed
above. In addition, however, cognizance should be taken
of certain definitions in Division 7 of the California
Water Code as they relate to the scope of this report.

Seetion 13005 is explicit in ifs definitions of three
terms that otherwise are frequently confused or used
synonymously. ‘‘Contamination’’ is defined as “‘an im-
pairment of the quality of the water of the State by sew-
age or industrial waste to a degree which creaies an
actual hazard to public health through potsoning or
through spread of disease. Contamination should include
any equivalent effect resulting from disposal of sewage
or industrial waste whether or not waters of.the State
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are affected.’’ “‘Pollution”’ is defined as “‘an impairment
of the quality of the waters of the State by sewage or
industrial waste to a degree which does not create an
actual hazard to public health but which. does adversely
and unreasonably affect such waters for domestie, indus-
trial, agricultural, navigational, recreational or other
beneficial use, or which does adversely and unreasonably
affect the ocean waters and bays of the State devoted to
publie recreation.’’ ‘‘Nuisance’’ ig defined as ‘‘damage

to any community by odors or unsightliness resulting -

irom unreasonable practices in the disposal of sewage or
industrial waste.”’

The term ‘‘degradation’’ is frequently used to express
a deterioration In water quality as a result of natural
causes. Whether a deterioration of water quality results
from contamination, pollution, nuisanee, or degradation
has no bearing on the seope of this survey, however, inas-
much as the investigation pertains only to the concentra-
tion of potential pollutants without regard to their ori-
© gin. Attention is invited particularly to what is referred
to in this report as ““corollary pollutants,’” ie., sub-
stances that are of natural origin but grow excessively
and canse an impairment of the waters of the State as &
result of the discharge of sewage or industrial wastes.
Such a corollary pollutant would be the heavy algal
growth that may result from the discharge of a highly
oxidized and nitrified sewage or industrial waste, Ai.
though they are of natural origin and seldom added
direetly by sewage or industrial wastes, eorollary pollu-
tants are considered to be within the scope of this report.

In defining the aims of the report it is also well to
delineate the limitations of the project. No attempt has
been made to do any original research work in connec-
tion with this project; in fact an effort has been made to
exclude any opinions or special unpublished knowledge
of members of the staff. Literature dealing with methods
of treating municipal and industrial wastes or domestic
and mdustrial water supplies (including boiler-water
treatment} were deemed to bhe beyond the scope of this
survey. Other limitations are referred to throughout the
body of the report. No elaim is made, moreover, that the
survey is exhaustive or that very important references
have not been overlooked, for the members of the staff
are subject to human oversight. Every source of infor-
mation that was recommended by the Advisory Com-
mittee and other interested parties, however, was investi-
gated. It must be recognized, furthermore, that any
literature survey is cutdated shortly after its publica-
tion, and may become less useful as new information
appears in current publications, - .

This second edition differs in one significant respect
from the original volume. In the first edition, no attempt
was made to draw eoneclusions or to make recommenda-
tions relative to any potential pollutant. Instead, a cer-
tain amount of background information was given for
each substance, the available literature was abstraeted
and cited in relation to each benefieial use, and the
reader was expected to draw his own conclusions. This
policy was in line with the philosophy of case-by-case
analysis, for it was rcasoned that the proper concentra-
tion for one sitnation might not apply in a separate
instance. Indeed, it was feared that any attempts to
summarize or suggest a limiting eriterion would lead to

rigid interpretations that might gel by continuous use
Into fixed standards.

Nevertheless, many users of the first edition have
commented that the volume would have been more use-
ful if conelusions, summaries, or recapitulations had
been added where feasible., These users confended that
the authors of the report were generally better qualified -
than the readers to draw such conelusions. ‘

Accordingly, many of the reviews of potential pol-
lutants in this second edition include brief statements or
conelusions to summarize the current status of knowl-
edge. Summaries could not he attemptied for most of the
substances because the available data are too sparse. In |
other instances, it was unwise to speeify limiting con-
centrations becaunse the effects of synergism, antagenism,
temperature, pH, and many other factors far outweigh
the exaet comcentration of the specific substance in de-
termining its effect on a beneficial use. Where summaries
and recommendations are feasible, however, they have
been included in this edition.

CONDUCT OF THE SURVEY -

At the outset of the original project in 1951, it became
evident that the seope of the survey was so broad and
the variety of potential pollutants affecting the numer-
ous beneficial uses was so great that all pessible direet
assistance from known authorities should be sought, not
only from within the State of California, but also from
the entire country and even foreign nations. For this
reason, an Advisory Committee was established in 1951,
as acknowledged and listed in the front of this report.
Comprising representatives of diverse background and
varied interests, the 1951 Advisory Committee was of
tremendous assistance in recommending numerous
sources of material and specific references to the project
staff. Furthermore, several of the members of the Com-
mittee reviewed the manuseript prior to publication and
suggested important modifications,

The service of the original Advisory Committee was

valuable to the project staff that a decision was
reached early in the resumption of the investigation to
form a new Advisory Committee, as shown hereinbefore,
Several members of the new committee followed the
progress of the survey carefully and made numerous
suggestions that helped to guide the project.

A literature survey of this type involves a thorough
search of all possible sources of information. Of inesti-
mable value are the various abstracting agencies and
journals such as Water Pollution Abstracts (British),
Public Health Engineering Abstracts, Journal of the
American Water Works Assoeiation, Journal of the
Water Pollution Control Federation, Chemical Ab-
stracts, Biological Abstracts, and the book reviews of
many journals. These abstracting services provided a
good starting point for the survey, but the original arti-
cle for each abstract was consulted if it could possibly be
obtained. To make sure that no significant references
were missed, many journals that normally or even oececa-
sionally carry articles on water quality were combed for
relevant material, through December 1961, Finally, ex.
tensive correspondence with numerous authorities in the
U.8.A. and foreign countries produced references to ob-
scure articles, reprints of manuseripts or unpublished




reports, and otber sources of information relative to
water quality. Needless to say, each technieal article re-
ferred to several others, each of which in turn also eon-
tained a bibliograpby, so the list of potential sources of
information soon pyramided.

Each reference became the subject of an 8” x 5” card,
the margins of which were punched in accordance with
a code that designated the journal, the beneficial use in-
volved, the nature of the potential pollutants, legal or
statutory considerations, and other factors. During the
course of the original survey which resulted in the first
edition of WATER QUALITY ORITERIA over 2340
references were investigated, of which 1369 were cited
in the text and listed in the bibliography. The Adden-
dum of 1954 utilized and cited 371 additional references.
The current survey serutinized a total of over 3560 ad-
ditional references of which 2087 have been added to the
bibliography.

Relatively few of this great number of references ac-
tually proved to be significant to the project, that is fo
say, significant to the extent of containing the results of
original investigations with actual threshold or limiting
concentrations. The remainder of the references were
either couched in general terms, without specific values
of use to this project, or else they were rewrites or ab-
stracts of previously published material. Consequently,
the bibliography at the end of this report is much smaller
than the list of references investigated.

In connection with the review of standards utilized by
other states and interstate agencies, a guestionnaire was
sent to the primary water-poliution-eontrol organization
in each state and to each interstate agency. The fact that
replies were received from all states and interstate agen-
eies is a tribute to the quality of personnel engaged in
water-pollution-eontrol work throughout the nation.
These replies form the framework for Chapter III of the
report. Other questionnaires dealing with court deci-
sions that passed on the reasonableness or unreasonable-
ness of water-quality standards were sent to the Attor-
neys General of each state in 1951, the yeplies of which
assisted in the preparation of Chapter 1V. Without the

formality of a speeific questionnaire, numerous inguiries
were directed to indunstrial associations, schools of animal
husbandry, foreign 1aboratories and research centers,
state departments of fish and game or natural resourees,
and similar groups. Bach recipient of a letter of inguiry
was most cooperative and each agency was most willing
to eontribute to the future usefulness of this publication,
for almost all had heard of the original volume and had
used it extensively.

Finding sources of information is the least work in-
volved in a survey of this type. Much more effort and
thought must be directed toward scanning the available
literature, abstracting the significant articles to obtain
water-quality information, and finally collating and eval-
uating the profause data. Tn this respect the project was
fortunate in having the services of the abstractors listéd

under ‘¢ Acknowledgements.”’

ORGAMIZATION OF THE REPORT
Tollowing this chapter of introduetion, in which the

background, scope and ajms, and progress of the survey
have been described, a chapter entitled ¢‘General Con-
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siderations’’ has been inserted. This chapter was deemed
riecessary to explain an describe factors and areas of
surface-water and ground-water pollution that affect
many, if not all, specifie pollutants and beneficial uses.
Tt deals with sach maiters as available dilution in
streams, estuaries, oceans, and ground-water basins; na-.
tural purification; frequency and reliability of sampl-
ing; lateral amnd lIongitudinal mixing in streams and
ground water; and the significance of synergism and
antagonism. An understanding of all of these factors is
essential to an appreciation of the entire field of water-
quality criteria.

The third chapter contains an enumeration of the
standards that are utilized, in some manner or other, by
other state and interstate agencies, along with a brief
history of the development of gnch standards. Altheugh
it is conceded that Chapter 1IT will not be nearly as
useful as Chapters V-X to the state and regional WPC
boards of California, it is included in the report for the
sake of completeness and interest, and as a possible
source of data. For background information and a gen-
eral appreciation of the problems involved in formulat-
ing and administering water-quality standards, Chapter
11T should be significant. Furthermore, it is useful for a
clearer understanding of Chapter IV, ¢ Judieial Ex-
pression.”

Tnasmuch as references to instances where the eourts
have ruled on the reasonableness or unreasonableness of
water-quality standards are rare in engineering and
technical publications, a thorough search through legal
chanxels was indicated. For this purpose, the original
projeet was fortunate in securing the services of Mr.
Earl C. Borgeson of the Los Angeles County Law Li-
brary. In this resumption of the investigation, Mr.
Borgeson was no longer available, inasmuch as he trans-
ferred to the Harvard Law Library in 1953. To bring
the chapter on judicial expression up to date, it was
deemed advisable to wutilize the service of an attorney.
trained in methods of legal research and interested in
problems of water quality. The assistanee of the County
Counsel of Los Angeles County, Mr. Harold Kennedy,
was solicited in this problem and he kindly agreed to
have one of his deputy attorneys, Mr. Paul Freeman,
handle this phase of the project. The methods by which
Mr. Freeman proceeded and the results of his literature
seareh are described in Chapter IV.

The bulk of the report (Chapters V through X) eon-
sists of summaries of literature relating to threshold and
limiting concentrations for each potential pollutant with
respect to each beneficial use of the water. Fach sub-
stance or waste that may enter the waters of the State
is deemed to be a ‘‘potential’’ pollutant—potential in
the sense that, if concentrated sufficiently, it can ad-
versely and unreasonably affect such waters for one or
thore beneficial uses; and yet, if diluted adequately, it
will be harmless to all beneficial uses. In order to make

_the report of maximum utility to the state and regional
WPC boards, the same data have been presented in twa
ways: (1) tabulated by benefieial use in Chapter V and
. (2) segregated by potential pollutants in Chapters VI
throngh X. '

It is antieipated that case-by-case studies ‘will bring up
many instances when WPC boards will have to weigh
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the effect of many substances upon s specifie beneficial
use. In such instances, the arrangement of data in Chap-

treated wasies from several municipalities and indus-
tries, without adverse or unreasonable effects npon any
existing beneficial uge. Suppose also that an irrigation
distriet (or a state or federal agency) proposes io take
water near the mouth of this stream and pump it to dis-
tant lands for irrigation, which in this example consti-
tutes a new beneficial use. In determining whether or not
any of the existing discharges of liquid wastes will eanse
an adverse or unreasonable effect upon the new beneficial
use, the WPC bhoard should consult Chapter V and note
the limiting and threshold concentrations tabulated for
agrienltural yge.

More frequently, however, the WPC hoards should
have reason to refer to Chapters VI through X. Here,
for each pollutant, appears a brief statement of general
information, sueh as iypical sources of the substanee,
characteristies, form Ae, and principal effects; followed
by cross references to other related substanees; biblio-
graphical reference numbers that apply; limiting and
threshold values for each beneficial use; and finally
where fessible conelusions or summaries that might form
the basis of usable eriteria. Listed among the potential
poliutants are mixed wastes or collective terms such asg
‘‘gas-manufacturing wastes’’ or ““‘sulfite waste liquors’’
involving many chemical substances in unknown eoneen-
trations. All potential pollutants, whether chemieal,

physical, biological, radiological, or mixed, are listed in
alphabetieal order aceording to the most-common desig-
nation, .

The second edition of WATER QUALITY CRITERIA
differs from the organization of the original volume in
that four additional chapters have been added. Under
the category of potential pollutants, the sanbjects of sur-
face-active substances, radioaetivity, Desticides, and bio-
logical agents were so important and so profuse that they
were removed from Chapter VI and Placed in separate
chapters,

The technical and seientifie literature cited in the text
is tabulated in a lengthy bibliography. While most of
these references have been used directly in the body of
the report, several of them are not referred to direetly.
They are included in the bibliography for the sake of
completeness and because their philosophies guided the
writers of this edition,

A word of explanation is in order here to aceount for
the literary style used in this report. Conventional litera-
ture surveys are written in an established style that
credits each original investigator with his findings; but
to have complied with the conventional style would have
rendered Chapters V through X of this report ponderous
and dull. In the interest of atility and readability, there-
fore, the work and publications of many investigators
are summarized in a few sentences, with the several
references being cited at the end of the paragraph. In a
few instances, where only one or two references are .
involved, direct eredit is given.




: CHAPTER Il
GENERAL CONSIDERATIONS

There are certain aspects of water-pollution control
that are not strictly part of this literature survey, but
they have a direet bearing on the critical evalnations and
use of the data contained herein. It is the aim of this
chapter to present these aspects for consideration, and 1o
indicate how they affect case-by-case studies of pollation.
To many of the readers, the contents of this chapter will
bring few new ideas or thoughts, but it is hoped that the
references to established principles will help in the eval-
uation of the detailed data of Chapters V to X inclusive.
To other readers, the concepts deseribed herein should
serve as a condensed text and handy reference, inasmuch
as such eonsiderations are essential to an understanding
of the California philosophy of water-pollution control
and the application of water-quality eriteria.

Not all of the general considerations in this edition
are confined to Chapter I1. Indeed, the reader will find
extensive discussion of the development and use of cxi-
teria, standards, requirements, and objectives in the first
part of Chapter IIL. General considerations in the appli-
eation of criteria to specific beneficial uses, such as agri-
eultural water supply and the propagation of aguatic
life, are described in appropriate paris of Chapter V.
Finally, the opening pages of cach subsequent chapter
are devoted to general discussion relative fo the use of
data presented therein. The factors deseribed in Chapier
IT, however, do not fall logically into any subsequent
chapter and hence they are presented here as general
considerations. : :

The conceniration of many pollutants in water de-
pends primarily upon two variables: {a) the amount of
polinting substances, and (b) the volume of diluting
water. An accurate determination of the former without
a similarly precise evaluation of the latter is virtnally
meaningless. In order that the eriteria of Chapters V to
X inelusive can be applied properly, it is essential that
the conceniration of pollutants be determined aceurately,
and henece that the volume of diluting water be known.
Tor fresh surface waters, fortunately, this problem is
relatively simple and straightforward, although compli-
cating factors such as longitudinal mixing and short eir-
cuiting are involved in the translation of the pollution
to downsiream points. For ocean waters, tidal estuaries,

and ground waters, however, the problem is much more °

complex, as deseribed later in this chapter.

There is a need for further investigation and research
dealing with factors such as dilution, mixing, self-puri-
fication, and synergism. Indeed, such work may be the
key to increased economy in waste disposal and improved
water quality in streams, tidal estuaries, and ocean shore
lines. A striking example of the advantage of such
studies is the research that led to the design of the new
multiple diffusers for the ocean outfalls of the Los An-
geles County Sanitation Distriets (1911), the Hyperion
plant of the City of Los Angeles, and the metropolitan
sewer system at San Diego. Similar basic research is

needed to determine the fundamental reactions and
meehanisms that govern the decomposition of pollutants
in receiving waters, so that such reactions may be aecel-
erated, or in some instances retarded.

DILUTION IN SURFACE STREAMS

The volume of water for dilution in surface streams is
saldom constant, inasmuch as the discharge varies from
vear to year, day to day, and even hour to hour. While
most hydrometric investigations deal with the total avail-
ability of water from a stream or the magnitude and
frequency of flood flows, the sanitary engineer is more
interested in minimum flows and their duration. The
probability of occurrence of low flows ean be determined
from a study of stream discharge data contained in the
TUSGS Water Supply Papers, in records of state de-
partments of water resources, or in reports of local flood
control districts. In themselves, these tabulations are
sometimes difficult to interpret; but when properly ana-
lyzed and presented in graphical form, stream-flow data
beeome very useful.

One of the more convenient methods for the presenta-
tion of minimum discharge data is the ‘‘duration eurve, *
ie., a plot of stream flow against the probability of
oceurrence. This eurve may be plotted with arithmetie
seales as in Figure 2-1) but such a presentation obseures
the low flows during which pollution is most severe. An
improved plotting utilizes a logarithmie seale for stream
fow with an arithmetic scale for the time axis, as ghown
in Figure 2-2. Better still, the probability scale ean be
substituted for the arithmetic time axis, so as to give
prominence to infrequent oceurrences, as demonstrated
in Figure 2-3.

In northern California, water flows in the larger
streams throughout the year; but in southern California
many streams have no visible or measnrable surface flow
during several months of each year. For either region,
however, the duration curve is applieable and it provides
a rapid and convenient means of studying the availabil-
ity of diluting water. A duration curve for the American
River at Fair Oaks, California, which is typical of north-
ern California, is shown in Figure 2-3. The solid line
represents the duration curve for the period of reeord
up to 30 September 1955. Folsom Dam was placed in
operation on 25 February 1955, just upstream from this
gaging station. Thereafter, flows were regulated to re-
duce peaks and augment periods of low discharge as
shown by the dot-dash curve. The broken lines show the
duration eurves for the driest and wettest years on rec-
ord prior to construetion of Folsom Dam. The duration

data corresponding to the solid and dot-dash curves are
given in Table 2-1. : _

The initial preparation of duration tables is a rela-
tively simple but time-consuming procedure. Onge a tab-
alation has been made for the entire period of record,

" however, the tabnlation is relatively easy to keep up-to-
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date, and duration curves can be made from the most
recent tabulation whenever such curves are needed. Du-
ration curves are ntilized extensively by the Ohio River
Valley Water Sanitation Commission (1914).

Having a duration curve at his disposzl, how can a
sanitary engineer use it in determining the availability
of dilution water and the concentration of polluting sub-
stance at each rate of flow?.On what percent of the time
should he base his caleculations? The answer to these
questions involves many factors, primary among which
are the beneficial uses to which the water will be put and
the damage that will be done if available dilution is too
low. No hard and fast rules can be set. In a classic study
of the Merrimack River, Camp (6) based his computa-
tions of dilution on the 10% flow, i.e., a discharge that
would be exceeded 90% of the time but might not oceur
for 36 days of a year on the average. The flows of this
river were highly regulated and discharge virtually
stopped on Sundays during periods of low flow. More-
over, the maintenance of fish and wildlife did not consti-
tute the primary beneficial use, and oecasional periods of
severe droughts conld be tolerated. (See Chapter V rela-
tive to the tolerances of fish to short-time adverse condi-
tions.) In the Clarion River investigation, however, Camp
et al. (7) let the 1% flow govern, inasmuch as fish, wild-
life, and the effect of taste and odor upon water supplies
were important congiderations.

In selecting a minimum stream flow on which to base
pollution eomputations, therefore, a sanitary engineer
should consider the following factors:

1. Beneficial uses of the water.. _

2. Probability that the selected dilution will not be
reached, and the duration of periods during which
such dilution will not be attained.

TABLE 2-1

DURATION DATA FOR STREAM FLOW OF AMERICAN
' RIVER AT FAIR OAKS, CALIFORNIA *

(July 1909 through September 1955, and
October 1955 through September 1950)
Time When Discharge Did Not Exceed Stated Value

(4 ) Prior to Folsom (B) Eegulated by
Folsom Dam (1955-1960)

Discharge Dam (1989-1855)
cfs Days Percent Days Percent
HE* 16 6.0%6 . 0 0
10 31 0.185 0 L]
20 55 0.328 0 0
30 72 0.429 0 0
50 108 0.643 0 0
70 266 1.58 1] 0
100 406 2,41 [} 0
200 1,392 2.2% 0’ 0
300 2,755 6.4 [} ]
500 4,848 28.9 2 0.109
700 6,430 38.3 186 10.2
1,060 7,521 44.8 2314 12.8
1,560 3,713 51.9 517 28.3
2,000 9,588 57.1 718 35.3
3,060 10,814 64.4 1,043 57.1
5,000 12,485 Td.4 1,454 81.8
7,000 13,832 82.4 1,628 89.1
10,000 15.23%7 90.77 1,717 23.88
15,000 16,271 96.93 L7776 97.21
24,000 16,556 98.62 1,787 98.38
36,000 16,707 99,522 1,815 99.343
50,000 16,763 99.857 1,823 98.781
70,000 16,773 99,917 1,827 160.0
100,000 16,784 99.982 1,827 100.0
160,000%** 16,787 100.0 1,827 ’ 100.0

* Flow regulated by Felsom Dam, beginning 25 February 1955. There are many diver-
slons ghove this staztion for Irrigation, mymicipal, and domestic water sapply.
"*Instantaneous pezk discharge of record — 180,000 cfs on 21 November 1950,
Absolute minimum flow — 8.6 ofs on 18 August 1924,
Mean discharge 1909-1955 = 8748 cfs
Mean discharge 1955-1860 — 3748 efs (regulated}

3. The economie damage that will be done if dilution
is insufficient,

4. The cost of increased treatment to meet stricter di-
lution requirements.

In computing the availability and tolerances of dilu-
tion, eonsideration must be given to many other factors.
Certain substances such as chlorides, sulfates, sodinm,
and potassium are relatively stable in water and their
concentration beyond the point of initial dilution de- -
pends only on subsequent dilution, evaporation, and per-
colation. Other substances, such as eyanides, phenols, and
even nitrates and phosphates, are subject to many factors
that tend to change their concentration. Among these
factors are biological, chemical, and biochemical action,
volatilization, sedimentation, adsorption, and other fae-
tors that are discussed in more detail in the sections on
natural purification i streams later in this chapter. Al-
though many of these factors are difficult to evaluate,
serious eonsideration should be given to them by the sani-
tary engineer. In addition, the hydraulie phenomena of
turbulence that govern mixing and short-cireniting must
not be neglected. '

The nse of duration curves in case-by-case studies ean
best be explained by a simple hypothetieal example. Let
us imagine that an industry planning to locate along
the American River near Fair QOaks prior to the con-
struction of Folsom Dam notified the regional WPC
board that its wastes, after the proposed treatment, will
contain 1000 lbs per day of substance X. By reference
to Chapter VI of this report, the engineers of the re-
gional board determine that the ‘‘threshold’’ concentra-
tion of substance X for the established beneficial uses is
1.0 mg/l while the ‘‘limiting’’ concentration beyond
whick economic damage may oceur is 2.0 mg/l. The re-
quired diluting flow to achieve the threshold concentra-
tion is computed to be 186 ¢fs and the required flow to
keep below the limiting concentration is found to be
93 efs. '

Reference to the solid line on Figure 2-3 shows that the
stream flow will fall below 186 efs about seven percent
of the time and below 93 efs about two percent of the
time for all of the years of record. In the driest year,
1924, the threshold concentration would have been ex-
ceeded almost 29 percent of the time or for about 106
days, and the limiting concentration womld have been
exceeded about 25 percent of the time, or 92 days. Dur-
ing the wettest year, 1909, dilution would have been
adequate at all times.

Equipped with these estimates of the probability of
occurrence of excessive concentrations of substance X,
the engineer can then determine the economie losses
involved during periods of excessive concentration as
compared with the cost of providing further treatment
of the waste prior to discharge.

Duration curves have advantages for specific applica-
tions, but they do not reveal the probability of occur-
rence of drought flows for extended periods, such as a
week or longer. For this purpose it is necessary to turn

* to other methods of analysis.

Phelps and Barry (1374) used an analysis of Iow-
flow frequencies based on the publications of Gumbel
(1375, 13876, 1913), who found that maximum and mini-
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mum flows in streams are distributed as to magnitude
and freguency according to a statistieal pattern which
is a probability funetion. An ‘‘extreme value’’ is defined
48 a maximum or minimur runoff during any one day
of a ealendar or water Year. Gumbel’s analysis indicates
that a record over N years gives a series of N extreme
values which ean well be described by a linear trend line
in the form, for minimum flows aceording to Phelps and
Barry, of

x:5+aS—bSy

where z is the drought flow of any value, z is the mean
drought flow of the series, § is the standard deviation
of the distribution of the series, ¥ is a dimensionless
variate introduced for the purpose of linearizing the re-
lation, and o and b are constants. This line may he
plotted and extended for burposes of prediction. Gumbel
also developed a skewed probability paper for straight-
line plotting of the original data.

The frequency of drought flows has also been analyzed
by Thomas (137 7 Wl_m develo;_)ed a method @nvolving

variable subject to statistieal analysis. Thomas’s general
formula ig:

t\/n '
m(k) (m)
N LA LA
¢
(m + k) m:?;c ‘
where ¢; is the probability that in ¢ fuiure years the mth
in magnitude of n past drought flows will be exceeded

exactly & times. The notations t( R )n denote the hi-
. ) X k m
nomial coefficient, e,

(t) _ 2
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If £ =0, ie., for the probability that the mth drought
flow will %ot be exceeded:
(n
m
$o = *——1( . n)
m
As an example, consider a stream with 25 years of record
for which the lowest daily flow in any year was 8 efs and
the next lowest daily flow (in a different vear) was 10 cfs,
What is the probability that during the next five years a
flow less than 10 ofs will not oecur (i.e., that 10 efs will be

exceeded exactly five times)? Here n = 25, m = 24, = 5,
and k& = 5, and hence

5 r25
- 24(5)(24 = 0.69
@ + 530

Thus the chances are 69% that a flow equal to or less
than 10 efs will not oecur during the next five years, or

¢ =

s

31% that it will. If a minimum flow of 8 efs had been
considered for the same beriod (i, that m — 25) the
probability that a worse drought might oecur is com-
puted to be about 17%. In their Florida studies, Phelps _
and Barry (1374) adopted a 25% expectaney value, that
is, a mean recurrence period of four years, for the lowest
annual 24-hour flood to be used in computing critieal
concentrations for water quality. '

Some engineers prefer to use a period longer than a
day to judge low Hows, especially for a major stream
where the discharge varies slowly. Le Bosquet and
Tsivoglon ( 1378) advocated the use of an average 2-week
flow for one large river. They called atfention to a “‘lag
period’” between the time when the discharge is a mini.
mum and the dissolved 0Xygen content reaches a mini-
mum. Cleary and Robertson {1914} deseribe drought-
flow analyses based on the frequency of oecurrence {or
the reeurrence interval, e.g., once in 5 Years or once in
10 years) of minimum dajl » weekly, bi-weekly, and
monthly flows. Theip figures were based on the statistieal
theory of extreme valyes as developed by Gurabel (1375).

Todd (1915) reviewed the basic principles of fre-
quency analysis of streamflow data, while Chow (1916)
compared several of the better-known analytical pro-

determined the probability (P,.) that a given event will
Occur in any one month, they compute the probability
that it will oceur in a year (P,) as follows:

Py=1— (1~ P,)e

Thus if the probability of oceurrence in any one month
is 0.01 or 1.0 percent, the probability of ocerrrrence in a
year is 0.114 or 11.4 percent.

A fundamental paper describing the frequeney of
natural events and utilizi

by Riggs (1918).

In California and other western states where stream
beds may be dry for many weeks and even months of
each year, the methods deseribed above do not appear to
be applicable. Fop western mountain areas where the

means of base-flow depletion curves on the premise that
stream-flow bydrographs will not fall below the deple-
tion curves. This method is not applicable until the
cessation of direct surface run-off from rainfall or snow
melt, that is, until stream flow consists solely of ground-
water depletion, Thereafter; low flows can.be predicted
for several months by Rigg’s method.

Todd (1380) compared flow-duration curves with fre-
quency-distribution curves to demonstrate that this
derivative of the duration eurve is more sensitive in illus-
trating the effects of flood and drought flows. The How-
duration enrves are seldom straight Iines on logarithmie
probability paper, especially near the extremes, owing to
varying topography, precipitation, ground cover, and
other faetors. The frequency distribution eurves often




reveal two or more peaks that show more clearly the
effects of snow melt, ground-water depletion, storm pat-
terns, and other variables. :

IMPOUNDMENTS AND LOW FLOW AUGMENTATION

To provide more efficient utilization of water re-
sources for stream flow, according to Velz (1919), two
possibilities exist, viz, regnlate the waste discharge and
tailor it to the varying pattern of stream flow, or regu-
late the stream flow to provide greater dilution during
periods of naturally low flows. The first approach is
sometimes employed for seasonal industrial wastes when
large storage lagoons are sufficient to Tetain the wasies
until stream flows increase. A modification of this con-
cept oceurs when spent sulfite liquors are discharged
intermittently to control the growth of Sphaerotilis
natans in receiving streams (1920). The second situation
is a by-product of the construction of multi-purpose
dams that impeund flood flows for subsequent release
for power generation or for low-flow augmentation as an
aid to navigation. On the other hand, intermittent dis-
charges from dams that are used for peak power genera-
tion may be troublesome to downstream waste dis-
chargers (5).

The construction of dams for flood eontrol, power,
river regulation, navigation, and diversion of water for
irrigation or municipal use will have a marked effect
upon duration curves and the availability of water for
dilution. Studies such as that by Camp et al. for the
Clarion River (7) and by Le Bosquet (8) for the
Kanawha River in West Virginia illustrate the henefits
to pollution abatement from augmentation of low-water
flows. Hazen (1921) deseribes the effect of storage reser-
voirs in increasing the minimum flows of typieal eastern
streams, as measured by duration curves and probability
analyses. Costs of improved minimum flows are also
computed. .

A comprehensive study of low-flow augmentation has
been conducted by Hull and his colleagues at The Johns
Hopkins University (1922, 1923, 1924, 1925, 1926, 1927,
1928}, This investigation jncluded legal aspects, state
and national policy, economic faetors, and several tech-
nical considerations relating to water quality.

In addition to improved dilution from low-flow aug-
mentation, impoundments may produce both beneficial
and detrimental effects on water quality (5, 1928, 1929,
1930, 1931, 1932, 1933, 1934, 2007). Among the beneficial
offects are decreases in eoliform bacteria, turbidity, sus-
pended matter, eolor, silica, and biochemical oxygen de-
mand. Furthermore, storage tends to smooth out gharp
variations in chemical quality. The potential detrimental
offects include & decrease in dissolved oxygen, especially
when water is withdrawn from below the thermoeline,
and inereases in earbon dioxide, odor, ammonia, iron,
manganese, alkalinity, and algae. Diminished tempera-
tures when water is released from below the thermoeline
are ‘gemerally beneficial, especially when downstream
thermal pollution is a problem. Such ehanges in tem-
perature are normally considered to be favorable for
fish life; although the fauna may be altered in species
and nmumbers as a result of cold summer water place

of the normal warm water.

WATER QUALITY CRITERIA

MIXING IN SURFACE STREAMS

Three types of mixing influence dilution in surface
streams and affect the short-circuiting of poliuted wa-
ters, viz, lateral, vertical, and longitudinal mixing. Lat-
eral mixing governs the rate at which pollution spreads
or diffuses from one bank to the other, vertical mixing
determines the extent of stratification, and longitudinal
mixing eontrols the rapidity with which a portion of
water moves downstream i advance of the average
longitudinal velocity. Each type of mixing is 2 funetion
of the turbulence of the stream, which in turn depends
on discharge, slope, depth of flow, channel roughness
and econfiguration, wind action, density currents, and
temperature.

The rate of lateral mixing may be important in many
ways. Where it is rapid and thorough, it enables a pol-
Iuting substance that has been introduced at one bank
of the stream to be diffused rapidly into the entire dilut-
ing flow, thereby dissipating high local concentrations
that may be toxic or deleterious. In broad, deep, slowly
moving streams, however, lateral mixing may be so slow
that the polluted fiow clings to one bank of the stream
for many miles, with relatively little effect upon the en-
tire flow. Such a condition may be advantageous in
streams used for fish propagation, for the fish may be
able to avoid the high concentrations of pollutant by
remaining near the clear bank. If the pollutant is of such
a nature that the fish cannot detect it and consequently
swim unwittingly into toxie coneentrations, then the in-
sufficiency of lateral mixing may be deterimental. Water
works that draw from the river directly, or from infil-

iration wells near the river, might also benefit by using
water from the less-polluted side. There are many in-
stances of onesided pollution of streams, according to
Mueller (1440). The Elbe River above and in the eity
of Dresden is heavily polluted especially by waste wa-
ters of factories manufacturing celiulose, all of which
are on the left bank. This onesided pollution can be
traced for many kilometers downsiream before an even
distribution of the load across the stream is achieved.

Lateral mixing is a funetion of turbulence and veloe-
ity gradients in a stream. In shallow, steep, rocky chan-
nels, turbulence is high and eonducive to rapid diffusion
of pollution across the width of the stream. In deep, flat,
smooth channels, the flow approaches a laminar condi-
tion and lateral mixing is inhibited. A precise evalnation
-of the rate of lateral mixing cannot be made for a gen-
eral case, for each stream has unigque characteristics that
govern such mixing.

An understanding of lateral mixing is important in
the establishment of sampling stations. Where mixing is
incomplete, samples may be coneentrated more or less
than would be indicated for thorough mixing, depending
upon where the sample is taken. In such cases, it is wise
to take samples at several points across the stream and
blend them into a composite sample. The State of Missis-
sippi specifies in its standards (9) that **. .. The sam-
pling place shall be chosen after the waste has been
dispersed in the receiving waters and not more than one
thousand (1000) feet below or above the waste or sewage
outfall.” - R .

Even far downstream from.a point of pollution it
may be advisable to sample at several points along a

B
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traverse across a stream, for lateral mixing also influ-
ences the longitudinal displacement of wastes. Haney
(1370) illustrates the problem clearly with a chart show-
ing the eoncentration of phenols from bank to bank in
a large stream. In this particular illustration, the phenol
concentrations are high near the banks and low af the
eenter. Sueh a condition might oceur, for example, when
a discharge of phenolic wastes that had been thoroughly
dispersed in the stream is then diluted by a clear stream.
The unpolluted water from: upstream will dilute and
clear up the center of the stream much more quickly
than the banks.

According to an abstract from the Russian by Stranb
(1381), Nesmejanow gives a formula for calculating the
point of discharge of wastes in a stream to prevent the

- possible pollution of water near a bauk which may be
- used for recreational purposes, as follows:
L =92
hvn

where L is the distance from the bank to the point of
discharge, q is the volume of wastes discharged, A is the
depth of the stream at the point of discharge, v is the
veloeity of the stream, and # is a dilution factor. In this
simple relationship, quite obviously, the author assumes
a complete and presumably rapidly mixing between the
point of discharge and the shore, the degree of pollution
at the shore depending wholely on the assumed dilution
ratio. For domestie wastes, according to Nesmejanow,
the required dilution factor ranges from 1:500 to 1:1000
and for industrial wastes it must be determined by lab-
oratory experiments, With small volumes of wastes the
value of L will be small and the caleulation is straight-
forward. For lakes, ponds, and open ocean, however, the
calculation is more difficult inasmuch as there is no sim-
ple velocity relationship. Similar studies have been re-
ported by another Russian (1935).

Vertical mixing in most surface streams generally
oceurs rapidly in relation fo lateral mixing, owing to
the low ratio of depth to width. In slow deep rivers,
however, thermal differences may cause a density strati-
fication that will interfere with normal turbulent diffu-
" sion. This problem may occur when warm wastes are
discharged at the surface of eold quiescent receiving
waters. In most streams, however, turbulence js so great
and depths so shallow that rapid vertieal mixing takes
place (1936).

Longitudinal mixing influences the translation of pol-
lution downstream and affecis the rate of diminution of
a pollutant by factors of natural purifieation in streams.
It is related to short circuiting of flow through lakes or
deep rivers, as a result of density currents. Mathematical
parameters of longitudinal mixing have been derived
and evaluated by Thomas and McKee (10} and radioae-
tive tracers have been used to measure longitudinal mixz-
ing by Thomas and Archibald (11), and by Parker
(1987). An outline of the causes, effects, and parameters
descriptive of longitudinal mixing is given by Thomas
(1938),

An exact mathematical analysis of longitudinal mix-
ing iz exceedingly complex. By assuming that flow in
the stream is steady, uniform, and two-dimensional, that
no sedimentation, chemieal actions, or adsorption OCGeHrs,

that the vertical velocity distribution at a cross-section
Is parabolic, and that the diffusion of substances is not
influenced by density currents or solubilities, it is pos-
sible to simplify the analysis of longitudinal mixing to
the differential equation (11):
d%c & de
655:;-{-*6?—06—5-—,66:0

where ¢ is the kinematic eddy viscosity, ¢ is the concen-
tration of pollutant, « is the distance in the direction of
flow, ¥ is the distance perpendicular to the direction of
flow, v is the velocity and % is a constant to he evaluated
experimentally. In view of the many factors that coun-
teract the assumptions, this formula loses its practical
significanee in natural stream channels; however, the
basic conecepts of longitudinal mixing must not be over-
looked, for they have a great influence on natural purifi-
cation in streams, Fortunately, they can be taken into
account in the formulations used for analysis of oxygen
balance in streams,

Whether lateral, vertical, or longitudiral in dimen-
sion, the mixing or dispersion of wastes in streams (and
in lakes and oceans too) is largely a fanction of the
turbulence, as measured by eddy diffusion. Strictly
speaking, diffusion is a combination of molecular and
eddy action ; but in open bodies of water, eddy diffusion
is 10° to 10% times greater than molecular diffusion.
Hence, molecular diffusion is generally ignored in quan-
titative evaluations of mixing.

Eddy diffusion is attributed to the large-scale eddies
and small-scale eddies in which the velocity energy of
a stream is dissipated. The intensity of turbulent flow
is often related to a parameter of distance, snch as the
‘““mixing Iength,’’ or average distance that a small mass
of fluid in an eddy will move before it loses its momen-
tum. In their dissipation, large-scale eddies generate
numerons small-scale ones, of shorter mixing lengths.
A full discussion of the eoefficient of eddy diffusivity, e,
and its relation to mixing in surface streams is beyond
the purview of this report. The reader is referred, in-
stead, to modern texthooks on fluid mechanies or to the
recent articles by Orlob (1939) and Parker (1937).

DHUTION IN TIDAL ESTUARIES

The concepts of dilution of sewage or industrial waste
by a river are markedly altered in regions where the
river water mixes with and measurably dilutes sea water.
In such tidal estuaries normal dilution is complicated by
tidal action which carries a portion of the pollntant back
and forth through the region for many eyeles; by differ-
ences in density of fresh water, sewage, and sea water;
by factors such as wind action and density currents that
militate against vertieal mixing and favor longitndinal
mixing ; by eoagulating and flocculating effects of saline
waters; and by configurations in the shores and bottoms
of estuaries,

Early attempts at evaluation of dilution in estuaries
utilized the tidal-prism concept. Taken as the differ-
ence between the volumes of water in the estuary at high
and low tides, the tidal prism is contributed in part by
fresh river water and in part by ocean water that enters
through the seaward boundary of the estuary on the
Hooding tide. The proportion of fresh water and sea
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water depends on the size and configuration of the estu-
ary as well as the discharge of river water into the
estmary on each tidal eycle. In the classical ‘application
of the tidal-prism concept, the volume of water entering
the estuary from the ocean is presumed to be the volume
available for dilution and for the removal of pollution
added during each tidal period. This conecepi assumes,
therefore, that mixing of the polluted fresh water and
the diluting sea water is complete and uniform during
each cyecle and that the mixture escapes to the open ocean
on each ebb tide and does not return to the estuary on
the next flood tide.

That the tidal-prism concept was grossly in error
became apparent afier the wartime perfection of the
sa.linity-temperature-depth indicator, as described by
Ketchum (18). Extensive measures of several estuaries
in the Pacific Northwest and along the East Coast re-
vealed stratifieation and stability that militated against
mixing within the tidal-prism. These measarernents led
to Tedevelopment of the theory of dilution in tidal estu-
aries, by Tyler (17) and by Ketchum (18, 19, 20).

In his medification of the tidal-prism coneept,
Ketchum (20) divides the estuary into segments defined
by the average excursion of a particle of water on the
flooding tide. He assumes, furthermore, that the water
within each segment i8 completely mixed at high tide,
with the proportion of water removed on the ebb tide
being given by the ratio between the intertidal volume
and the high-tide volume of the segment.

Ketehum’s theory is a distinet improvement on the
former tidal-prism concept, but still it does not eliminate
entirely the effects of incomplete vertieal mixing within
a segment and the transverse Or longitudinal mixing in
a horizontal plane. As pointed out by Rawn in his dis-
cussion of Ketehum’s paper (19), there is a tendency
for fresh water, because of its lower density, to stratify
and flow over the top of the salt water and for colder,
heavier sea water on the ineoming tide to move ghore-
ward underneath the overlying warmer and less dense
fresh waters.

Salinity stodies at the mouth of the Columbia River
deseribed by O’Brien (1393) showed a marked tendency
for the reversal of current from flood to ebb to oceur
first at the sarface, while the change from ebb to flood
started near the bottom. Furthermore, at maximum cur-
rent strength, the ebb veloeities increased almost linearly
from hottom fo surface, while the flood velocities ghowed
the level of maximum velocity to be depressed markedly
below the surface.

Ketehum’s success in applying his theory to actual
observations in the Raritan River estuary led Arons and
Stommel (1390) to attempt 2 translation of Ketchum’s
fundamental idea (that the element of mixing vt_)lume is
bounded by the length of the tidal exeursion) into the
language of physics of continna. Arons and Stoxpn:.&el
computed salinity distribution using an eddy diffusivity
based on the distribution of tidal eurrents and exenrsions.
By & relatively simple mathematical analysis they ar-
rived at the relationship:

S _ oF U—1N) = gF O=Lf=)
o. - -
where 8 is the actual salinity and o is the ocean salinity ;

F is a ‘‘flushing number”’ depending on the geometry of

_the estuary, the fresh-water discharge, the coefficient of

diftusivity, and the angular frequency of the tide; and A
is the ratio of the distance downstream () to the length -

" (L) of the estuary, both measured from an origin where

8§ = 0. Empirical data for geveral estuaries appear to fit
this theoretical formulation guite well. It should be ree-
ognized, however, that the methods of analysis based on
segmentation and eomplete mixing within each segment
apply only to estuaries that are so intensively turbulent
that they exhibit no vertical stratification. In such cases,
the salt is carried upsiream against the main river flow
by turbulent eddies. ‘

In a later paper, Stommel (1940) used the distribution
of river water in an estuary as a means of discovering
the magnitude of the turbulent diffusion coefficients at
various locations. Using these coefficients, he devised a
method to yield the dilution of pollution at any peint in
the estuary. Again, however, this analysis applies only
to vertically unstratified estuaries in which the mixing is
due to tides. .

In a review of the theories of tidal dilution, Diachi-
shin, Hess, and Ingram (1391) point out that there are &
host of variables that are diffieult to evaluate aceurately,
especially in view of long-range tidal changes. These -
authors favor the use of models to study the range of
tides, the effect of density currents, changes in river
flow, fluetuations in ocean level, and other variables.

Qimmons (1941) discusses the application and limita-
tions of models in the analysis of pollution in estuaries.
By proper distortion of horizontal and vertical scales
and by adjustment of chanmnel roughness and other frie-
tion effects, it is possible to construct models to operate
in accordance with Froudian scale relationships for time,
velocity, discharge, ete. With a salinity scale of 1:1 it is
possible to establish density gradients and to maintain
stability during the test. .

Traeers can be used to study the movement and disper-
sion of wastes in a model estuary, gither by instantaneous
release of a slug of tracer or by eontinuous release at a
predetermined rate over a relatively long period of time.
Based on the instantaneous release of a tracer, it is pos-
sible to study the movement of the peak concentration,
the movement of the center of mass of the contaminant,
and the physical dilution of the peak concentration, all
as a function of time and tidal cycles. Contimuous release
of a tracer will reveal the extent and ultimate level of
contamination of a given area for a given source of
waste. It must be recognized, however, that models can
only reproduce the physical phenomena of dispersion,
dilution, and transport. They eannot simulate fo scale
the chemical and biochemical reactions that affect the
decay of non-conservative wastes, nor other physical fae-
tors such as atmospherie reaeration. These phenomena
in an estuary are not amenable to model analysis, but
determination of physical dilutions and residence time
by means of models will greatly assist in the theoretical
evaluation of other factors. Selleck and Pearson (1942,
1943) and Pritchard and Carpenter (1955) have recently
utilized conservative tracers in large estuaries for the
direct observation of movement and dispersion.

Considerable research and several investigations of
pollution in tidal estyaries have been undertaken in
recent years (1944, 1945, 1946, 1947, 1948, 1949, 1950) .
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but a thorough review of this work is beyond the seope
of this chapter. Tt is significant, however, to call atten-
tion especially to the publications of Pritehard and his
colleagnes at the Chesapeake Bay Institate (1392, 1951,
1952, 1953, 1954, 1956).

In his earlier work (1392, 1951), Pritebard classified
estuaries as positive, inverse, or neutral, A positive estu-
ary is one in which there is a measuareable dilution of
sea water by a fresh-water stream or other land drainage,
e.2., where a large river discharges to the ocean. Inverse
estuaries are those that receive little or no fresh water so
that evaporative losses execed the fresh-water input, ie.,
the estuarine water becomes more saline than the flashing
Sea water. A neutral estvary is ome in which neither
fresh-water inflow nor evaporation dominates,

An example of a neutral tidal estuary is that of San
Diego Bay, as reported by Nusbaum and Miller {1394),
The bay was divided into three regions and a modifiea-
tion of Ketchum’s analysis was applied. It was assumed
that no stratifieation occurred, which is essentially true
inasmuch as very little fresh water enters the bay, and
that the tidal prism of each region was thoroughly mixed
and distributed both on flood and ebb tides with the adja-
cent regions. Thus, it required three complete tidal eycles
for water entering the mouth to pass into the further-
most region. Based on this analysis, the total dissolved-
oxygen content of the bay, as provided by tidal exchange,
was comaputed. )

Positive estnaries are discussed by Pritehard in a sub-
sequent paper (1952) and further delineated as type A
(highly stratified), type B (moderately stratified), type
C (vertically homogeneous, with large tidal velocities and
- great width), and type D (vertically homogeneous but
with no upstream net advection). The type of estnary
depends on river flow, tidal velocities, depth, and width.

In his later papers (1952, 1953, 1954), Pritchard
groups coastal-plain tidal estuaries into four classes
according to the physical strueture of the water and to
the net motion. Class I is a salt-wedge estuary in which
the river inflow is large compared to the tidal effect.
Here the fresh water flows seaward on top of a sea-water
wedge. The extent to which the wedge intrudes the estu-
ary depends on the frictional drag between the lighter
river water and the denser sea water. For low flows, the
sea-water wedge is only slightly diluted by fresh water
and extends manymiles upstream, e.g., over 100 miles up
the Mississippi River. At high flows, frictional drag Te-
stricts the wedge in this river to only a mile or so, A
fresh-water pollutant, introduced at the surface of a
salt-wedge estnary, will be quickly flushed to sea. On the
other hand, if a dense pollutant is introdueed into the
sea-water wedge, it will disperse very slowly and take a
long time to be flushed from the estuary, for the enrrents
in the wedge are relatively weak and exchange with the
surface layer is slow. .

Class 1I is a partially mixed estuary in which tidal
movements are relatively large compared to river inflow,
vertieal mixing is sufficiently strong to destroy the sharp
boundaries between the salt wedge and the upper waters,
and the wedge is no longer identifiable. Most of the estu-
aries along the eastern coast of the United States fall
into this class. A combination of oscillatory tidal cur-
rents and fresh-water inflow produces a cireulation pat-

tern in which there is a net seaward flow in the surface
layers and a net flow towards the head of the estuary in
the deeper layers. There is also a small net vertieal
exchange from the lower layers to the surface layers.
These net motiong govern the movement and dispersion
of econtaminaunts introduced into either the hottom or
surface layers. In either case, however, any dissolved or
suspended pollutant ultimately reaches the surface layers
and is eventually flushed from the estuary.

Class JII estuaries are vertically homogeneons owing
to the faet that tidal movements are very large compared
to the motion induced by the inflowing fresh water. The
salinity decreased from the mouth to the head of the
estuary. In relatively wide estnaries in the northern
hemisphere, the rotation of the earth causes a net sea-
ward flow along the right bank (looking toward the
mouth) and a net inward flow along the left bank. A
laterally directed flow carries water from the left side to
the right, so that there is a large-scale horizontal mixing.
These patterns of flow will largely govern the movement
of pollutants. .

Class TV involves sectionally homogeneons estuaries
that are comparatively narrow and vertically homogene-
ous. Tidal mixing is sufficient to destroy any lateral
salinity gradient, although the longitudinal gradjent
from the mouth to the head of the estuary remains. In
such estuaries, a pollutant is rapidly mixed vertically
and horizontally. Tt is also dispersed longitudinally by
turbulent diffusion and carried slowly seaward with ihe
net flow. Kent (1956) presents a mathematical analysis
of a well-mixzed sectionally homogeneons. estuary from
which quantitative predictions of the mean distribution
of pollutant concentrations may be obtained. :

According to Pritchard (1952, 1953) the generalized
equation for the local time rate of change of eoncentra-
tion of a pollutant in an estuary is given by the follow-
ing differential equation

dc dc dc dc dr de
AT T U T v, — v+ aefase] +

dr 8 4 o,

9ol ) T Gl
where e is the concentration of pollutant at the point
(1, 25, z3) at time #: 1, V2, and vy are the z;, z,, and 3
components of the veloeity in the longitudinal, lateral,
and vertical directions respectively; and e,, ez, and ez are
the corresponding coefficients of eddy diffusion. The first
three terms on the right side of the equation show the
effects of advection while the Tast three terms represent
the non-adveetive or turbulent diffusive processes. In
the three-dimensional form, the equation is too complex
for analytical solution. Even when reduced to two- or
one-dimensional forms, it is necessary to make simphi-
fying assumptions regarding the velocity fields and dif.
fusivities in order to obtajn analytical solutions.

Any sanitary engineer, confronted with the problem
of disposal of sewage or other wastes into a tidal estu-
ary, must recognize that the problem of dilution is ex-
ceedingly eomplex and not capable of precise theoretical
evalnation, Each tidal estnary presents problems of den-
sity currents -and configurations that distinguish it
markedly from other estuaries, and consequently each
must be studied earefully. The older techniques utilizing
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floats, both surface and submerged, are still valuable
for studies of currents in estuaries. The salinify-tem-
perature-density indicator and the mew tracer method-
ology in prototype estuaries will serve as additional
hardy tools in such evaluations. Where the estuary is
complex and the constrnction of waste treatment works
is costly, the use of models may be indicated. For
judicial expression with respect to tidal estuaries, see
Chapter IV.

DILUTION IN OCEANS AND LARGE LAKES

The first edition of WATER QUALITY CRITERIA
and its Addendum of 1954 described briefly the work of
Rawn and Palmer (21, 22), Clifton (23, 1395), Rice and
Johnson (1896), and Kersnar and Caldwell (1397) in
evalnating the dilution and dispersion of sewage in open
ocean waters. Owing to the faet that more than 125
coastal communities in California, including 11 of the
13 largest cities, dispose of their sewage through subma-
rine outfalls, the State Water Pollution Control Board
contracted with Dr. Erman A. Pearson of Berkeley for
a comprehensive  investigation of the efficacy of sub-
marine outfall disposal of sewage and sludge. His re-
port, Publication No. 14 of the California State ‘Water

Pollution Control Board (1957), summarized all avail-’

able information on dilution in marine waters through
the year 1955.

Subsequent to that time, the design and eonstruetion
of several large outfall sewers on the Pacific coast and
the problems associated with disposal of radioactive
wastes in the ocean have stimulated research and publi-
cation related to dilution and dispersion in oceans and
large lakes (e.g., 1911, 1958, 1959, 1960, 1961, 1962,
1963). To evaluate and summarize all such literature is
far beyond the purview of this chapter. Indeed, Gunner-
son (1964) has already. published a comprehensive re-
view of Literature (256 references) related to marine
waste disposal through the year 1960. In addition,
Ingram and Wastler (1945) have compiled a bibliog-
raphy of selected studies on estuarine and marine pollu-
tion, including physical as well as biclogical aspeets.
Finally, attention is invited to the Proceedings of the
Rirst International Conference on Waste Disposal in the
Vlarine Environment (1965) stimulated by, and spon-
sored in part by, the California State Water Pollution
Jontrol Board. :

The physical phenomena of dilution, dispersion, and
novement of sewage or other liguid wastes in the ocean
r large lakes are generally considered in two separate
:ategories: the initial dilution caused by Jjet action
wnd/or density differences, and the subsequent disper-
ion and transport of diluted wastes by ocean currents.
nitial dilution, described thoronghly by Rawn, Bower-
nan, and Brooks (1911), is favored by strong density
rradients, rapid jet velocity, and high ratios of depth
wlow ihe surface to the diameter of the jet. Where a
hermocline exists, the rising plume of dilnted waste
cay not break through this stable barrier, but rather
pread out below it. The most feasible engineering eon-
rol over these factors is to provide multiple outlet ports
£ small diameter and to locate the multiport diffuser in
eep water. '
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Subsequent dispersion and transport of diluted wastes
by ocean currents are beyond the control of engineering
design once the location of the outfall has been chosen
and the multiport diffuser designed; but these factors
aré important in selection of the discharge site and
depth. ' _

A thorough analysis of diffusion in ocean waters is
presented by Brooks (1960). Relatively little informa-
tion has been published on the dilution and dispersion
of liguid wastes in large lakes, but inereasing attention
is being given to this subject.

DILUTION AND TRAVEL OF POLLUTANTS
IN GROUND WATER

In attempting to estimate the effect of sewage or in-
dustrial wastes npon the quality of ground water, a
sanitary engineer must consider not only the natural
dilution that may be available but also the effects of soil
upon the guality of water passing through it. This see-
tion deals with dilution only, while the subjeet of natural
purification or other changes in guality is discussed in a
later section of this chapter.

Wastes from munieipalities or industries may be dis-
charged into underground waters by means of spreading
grounds (percolation beds) or recharge wells, provided
that such wastes are relatively free of substances that
clog the interstices of the soil. From spreading grounds,
the wastes may pass through a zone of aeration before
reaching the ground-water table, or they may build up a
ground-water mounnd sueh that the soil beneath the
spreading basin is completely saturated with water. In -
the zone of aeration, which in southwestern states may
be seores of feet deep, the only available dilution is that
from intersticial water (and after a short time this water
eomes into equilibrium with the seeping waste) or frem
percolating rain water during the wet season. Above the
ground-water table, then, little or no dilution will ke -
available. If a perched ground-water table is formed by
the percolating wastes, concentration of pollutants
therein can be diluted only by percolating rain water,
or by self-purified waste water where such purification
oecurs.

When percolating wastes reach a ground-waier basin
or enter an underground stream, they may be diluted
measurably under eertain cireumstances. The factors. of
lateral and longitudinal mizing, however, are different
from those in surface waters, for gronnd-water flow is
almost always laminar whereas surface-water flow is gen-
erally turbulent. Thus, a small ribbon of polluted water
injected into ground-water flow will move in a well-
defined streamline with a minimum of lateral or vertieal
diffusion and dilution. In aceordance with the same phe-
nomenon, percolating wastes may reach a sloping
ground-water table and then follow along its upper sur-
face with a minimum of vertical diffusion. In many in-
stances, vertieal diffusion is inhibited by horizontal elax
lenses or by extensive aquacludes. Consequently, the
total volume of water in an underground stream or basin
cannot be considered as effective for diminishing the
coneentration of pollutants. CL .

The velocity of flow of ground' water may be as low
asg 10 ft. per year, and only in coarse material or fissures
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does the velocity exceed one mile per year. Coupled with
the aforementioned minimum rates of lateral and verti-
cal diffusion, these low velocities of flow cause two sig-
nificant conditions to develop in ground-water basins
or streams, First, pollution that is being added to the
ground at one point may not affeet the gquality of water-
supply wells at nearby points for many years, or at more
distant points for decades; consequently no complaints
are registered and no one may be aware of the damage
being done. Second, when pollution is. finally discovered
or when the quality of water supplies is degraded, the
damage cannot be repaired or otherwise rectified merely
by stopping the pollution, for purification by leaching
and dilution will require a longer time than the period
of original poilution.

Excellent reviews of the geologic and hydrologie fac-
tors relating to the movement and dilution of polluted
lignids in ground water are contained in the recent Sym-
posium on Ground Water Contamination (1966, 1967),

and in the American Society of Civil Engineers Manual’

on Ground Water Basin Management (1980).

The advent of synthetic detergents and long-Tived
radicisotopes has brought renewed interest to problems
of ground-water flow, for these substances are excellent
‘tracers of poHution by certain waste waters. Moreover,
the need for waste-water reclamation and reutilization
has foeused attention on ground-water reservoirs as a
means of natural purification and storage. One Task
Group of the American Water Works Assoeiation reports
periodicaliy on the status of gronnd-water contamination
(1400, 1968, 1969) while another reviews developments
in artificial ground-water recharge (1970, 1971).

. Recognizing  the importanee of underground streams
and basins as receiving waters for waste disposal as well
as a major source of water supply in many areas, the
California State Water Pollution Control Board spon-
sored investigations to determine the effects of travel of
pollution and waste-water reclamation in relation to
ground-water quality. Those reports (1398, 1972, 1973,
1974) are largely concerned with chemical and biological
factors but they also relate to problems associated with
lateral, vertical and longitudinal mixing.

Several investigators (1975, 1976, 1977, 1978, 1979)
have reported on the undergreund travel of radioactive
substances and the feasibility of using radioisotopes as
ground-water tracers. The hazard of ground-water con-
tamination from underground nuclear explosions and
the possibilities of using deep aquifers for the storage of
atomic wastes have also been studied. For information

relative to these investigations, the reader is referred to

the publications of the Atomic Energy Commission.

It should be realized that a thorough treatment of the
subject of dilutien in ground water, Like that of ocean
dispersion, is beyond the scope of this report. A few
eomaplicating factors are mentioned herein, merely as a
warning fo the water-pollution-control official. Each
problem of ground-water dilution must be studied indi-
vidually in the light of geophysical and hydrological
data, the nature of the pollutants, the type of soil, the
location of water-supply wells, and the beneficial nses

" to which the water may be put.

NATURAL PURIFICATION IN SURFACE WATERS

Pollutants in receiving waters are frequently classified
as conservative or non-conservative. A conservative sub-
stance is one for which the concentration is directly re-
lated to the extent of dilution, i.e., the substance is not
decomposed, altered chemically, or removed physically
as a result of natural processes. Consequently, it is pos-
sible to predict from a measured concentration of & con-
servative pollutant at a known stream flow what concen-
tration would occur at other stream flows (provided, of
course, that physical parameters of mixing do not also
change with flow) and also what would be the effect of
varying degrees of treatment. The chloride ion is a good
example of a conservative substance.

A non-conservative pollutant is one that may be sub-
jeet to chemical, biological, or physical processes, (other
than dilution) that terd to alter it or remove it from
solation or suspension. Ammonia, for example, may be
oxidized biochemically to nitrates, then assimilated in
algal synthesis, and eventually consumed by animal life.
Carbonaceous wastes may be converted largely to earben
dioxide, part of which may escape to the atmosphere.
Heavy metals may be precipitated as insoluble salts and
adsorbed omn rocks or removed by sedimentation. The
processes by which non-conservative wastes are altered
or removed from water (surface or sub-surface) are
grouped into the collective term of natural purification.

 Water-pollution-control authorities are interested in
three major aspects of natural purification; (a) the rate
and extent to which pollutants are siabilized or removed,
(b) the effect that such stabilization has upon other
significant parameters of water quality such as pH and
dissolved oxygen, and (¢) corollary action such as nutri-
ent enrichment that may lead to algal blooms and other
undesirable qualities.

The rate of diminution of many unstable chemical

substanees in streams ean be estimated and evaluated by

routine procedures of physical chemistry. In many in-
stances the oxidizing of unstable eompounds follows a
first-order equation, but in some cases the formulation
more closely approximates a second-order reaetion. In
a solution contaiping ample dissolved oxygen, for ex-
ample, sulfites are oxidized to sulfates in a true first-
order reaction at a fairly rapid rate, thus

dc
i
Ci = Cpre Kt = .10+

= — Kt = — 23kt

- or

where % is the rate of change of concentration with time,

C, is the initial concentration of sulfites, C, is the concen-
tration after time f, and K or k is a reaction-velocity
coefficient. For sulfites, & has been evaluated at values
ranging from 0.236 per day to 0.412 per day (7). It is
possible to evaluate similar reaction-velocity coefficients
for other unstable compounds such as nitrites, polythion-
ates, and cyanides. There is a need o aceumulate such
data. for use in predicting the rate of diminution of non-
conservative substances; but one must reeognize that in
a natural stream the reaction-velocitv coefficients may be
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nfluenced by temperature, pH, concentrations of other
substances, and the extent to which the stream has previ-
yusly become acelimated to such pollutants (1981, 1982).

German engineers have long recognized that a stream
rartially polluted by muniecipal sewage is much better
ible to absorb new industrial wastes than a stream pre-
riously not exposed to mild pollution and eonsequently
10t seeded with the necessary organisms for biochemieal
lecomposition (1983, 1984).

The second major aspect of natural purification, spe-
sifically its effeet wpon the dissolved oxygen in surface
vaters, has received considerable attention from sanitary
mgireers and chemists for several! decades. The eom-
ined effects of many putrescible substances have been
crouped into the test for biochemical oxygen demand
‘BOD)}, the rate of which is commonly considered to be
. first-order reaction. Thus, for the standard laboratory
est for BOD, when samples are tested every day for a
veek or so, the equation of the curve so established can
¢ expressed as

i = L(]. —_ 10"1“)

‘here y, is the BOD exerted in any time {, I is the ul-
mate first-stage BOD, and % is the reaction-velocity
oefficient or “bottle £.” If BOD were exerted in a stream
1 the same manner as it is in a laboratory botile, then
t any point B, downstream { hours from point A where
s¢ Initial ultimate BOD had been L, the remaining
ltimate BOD, L/,, would be

'y = Lo — 9 = Lo-107%

fog L'y = — kit log L,

[any factors, however, tend to make the changes of BOD
. a stream different from those in a laboratory botile,
» that the actual remaining BOD at the downstream
ation, L;, will be

Ly = Lg-107%¢
1 L,
k = 5 log I,

rere k. is the “‘river %'’ as contrasted with %, the
sottle k.”’ Inasmuch as k, differs from %, the difference
w— K1) iz designated as ks (k2 having been assigned
eviously fo reaeration, as deseribed hereinafier). The
lue of %; is positive if k. exceeds k4, and negative if &;
ceeds k.. Factors that {end to make k3 positive include:

1. Sedimentation

2. Volatilization of organic aecids

3. Adsorption, as influenced by the area/volume re-

lationship
4. Floceulation
5. Biological activities of attached growths.

etors tending to make k3 negative include:

1. Praviously deposited sludge banks that exude
BOD to the stream

2. Channel scour _
3. Longitudinal mixing and short-circuiting.

The use of the k3 concept is eonvenient because k3 can
be used to group all of the nnknown variables and factors
that are difficult to evaluate. Longitudinal mixing, which
has previously been shown-to affect the downstream
translation of pollution, is aceounted for handily by k.
To separate and evaluate the many factors that constitute
ks arve tasks that are diffienlt, if not impossible, for ks
depends on the interplay of all of the factors. Thus, %3
may be positive in the upper reaches of a stream during
the summer, especially where preceding spring freshets
have washed upstream sludge deposits into the down-
stream pools. In the spring, however, this same stream
may show a negative ks in upper reaches, owing to scour,
and a positive value in lower reaches where sedimenta-
tion occurs. By evaluating k; for any reach of a stream,
an engineer can learn much about the condition of the
channel and the ability of the stream to oxidize or other-
wise diminish a poliutional load.

The evaluation of %y is relatively simple and straight-
forward. It depends, however, on the aceurate determina-
tion of three other variables, viz, k; and I at each end of
the reach and the time of flow, t, through the reach. Sim-
plifications in the analysis of BOD data, as developed by
Moore, Thomas, and Snow (12), lead to a rapid determi-
nation of %; and L from the BOD eurve; consequently
these parameters can be evaluated readily for each
stream sample.

The remaining variable, time of flow, is just as impor-
tant as k in the formulation 10-*, but more difficult to
determine precisely. It represents the time required for
the centroid of pollution at point A to travel to the eor-
responding centroid at point B. Unfortunately for the
engineer who must defermine it, this time does not eor-
respond to the theoretical detention period, for the actual
time of passage is influenced by shori-circuiting and
longitudinal mixing. In small streams, the time of pass-
age, or flowing-through time, can be measured by the use
of dye or salt, but in large streams the required quanti-
ties of such substances become unreasonahble. Radioaective
tracers present a possible approach to the problem, but as
yet the potential hazards and controls governing the use

.of radioactive isotopes preclude their serious considera-

tion. Recent innovations in analysis of a stream’s eapac-
ity to assimilate poliution, as deseribed hereinafter, have
an advantage in that they do not require determination
of the time of flow. :

The foregoing analysis gives a reliable formulation for
the change in putrescible organic matter in a flowing
stream, but it does not indicate the manmner in which the
dissolved-oxygen content of the water will be affected.
The concepis of oxygen balance in a stream have been
formulated and developed by many engineers, foremost
among whom have been Streeter and Phelps (13), and
Fair (1985). The use of the theory has been improved
somewhat by Thomas (14) on whose analysis much of
the next few paragraphs has been based.
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It has been shown that the rate of deoxygenation in a
flowing stream is proportional to I, the uitimate first-
. stage BOD, or

dD
e Kl = 23kiL

ab
where —Zz-t‘

is the rate of change of the oxygen defieit, D, and K, or
ks are proportionality coefficients. Note that neither k,,
the bottle value, or k,, the river coefficient, was used in
this equation. In the case of an ineubated sample,
k;=k;; but in a river the rate of deoxygenation is not
the same as the rate of reduetion of BOD, owing to such
phenomena as sedimentation, volatilization, scour, and
longitudinal mixing that do not involve deoxygenation.
Moreover, kg is not the same as k., for some of the re-
moval of BOD in streams is not related to oxygen utiliza-
tion. As yet, no way has been developed to measure di-
rectly the deoxygenation rate in a river and hence past
investigators have assumed it to be egual to k.. In cer-
tain heavily polluted, shallow, swift-flowing streams,
however, the rocks in the channel resemble a trickling
filter and give a tremendous k; value as a result of bio-
logieal oxidation. The deoxygenation rate coefficient in
such streams is probably closer to %, than to %,. For most
streams, however, the value of %; is approximated by %,
so that

ap _
o = 2.3k

At any downstream station, however, f. = IL,-107%
where k, is used rather than k,, hence:

dD ey

w5 = 2.3k Lg% |

To offset deoxygenation, a polluted stream receives oxy-

gen from the aimosphbere in accordance with Henry’s
law. The rate at which oxygen will pass from the atmos-
phere into solution depends on the rate at which it
erosses the air-water interface, the rate at which it dif-
fuses through the depth of the water, and the oxygen
deficit. For a given stream with fixed surface charac-
teristies and turbulence, the rate of reaeration is propor-
tional to the defieit, thus with no simultaneous reaeration,

9D _ KD = 2.3k,D

di
where ka, the reaeration-rate proportionality coefficient,
iz a funection of the stream <¢haracteristies. The magni-
~ tude of %k, can be determined approximately from the
physical characteristics of the waterway, such as slope,
depth, and velocity of flow; or it ean be computed for
an actual situation from field observations of tempera-
ture, dissolved oxygen, and BOD by means of the fol-
lowing equation for oxygen balance. '

Combining the rate of deoxygenation and the rate of

reaeration, the resultant differential equation expressing
oxygen balance in a stream is

ch? — 23kL — 23kD

which, npon integration gives
D= fle (1075 — 10~ + D,10*¢
ke — &

The foregoing analysis of oxygen balance in a stream ean
be used to predict the effects of certain substances and
varying degrees of treatment; provided, of eourse, that
the characteristics of the stream that govern ks, %,, and ¢
are well known. It has been used snecessfully in several
instances, but it requires careful eontrol and adequate
experimental data. Some of its limitations are discussed
in the following paragraphs. o

Literature on the oxygen balance in surface waters is
profuse. Hull (1926) has prepared a recent bibliography
on biochemical oxygen demand, but it does not cover
articles relating to other factors of the oxygen balance in
surface waters. Other resumes of current knowledge
have been prepared from time to time (13884, 1924, 1986,
1987, 1988, 1989).

Orford and Ingram (1885) eriticize the use of the
unimolecular ‘or first-order reaction to formulate the
BOD eurve pointing out that the %, and I values do not
remaln constant over the entire curve. This effect had
been noted by several previous investigators who pro-
posed factors in the first-order formulation to eompen-
sate for it. Orford and Ingram propose instead that the
recognized formulation be abandoned in favor of an en-
tirely new logarithmie BOD equation. They claim that
the new equation has more biological significance, that it
is better adapted to the interpretation of biological oxi-
dation phenomena, that it is easier to compute, and that
ihe parameters of the formula are constants over a time:
range of 85 percent of the first-stage BOD., Woodward
(1386) refutes these argmments, pointing out that the
BOD eurve can be formulated by a second-order reaec-
tion to give a fit as good or better than the logarithmic
BOD eguation. He defends the present first-order equa-
tion as an established and worthy method, within the
limits of reliability of the data, which can be formulated
quickly by the new technique with the method of mo-
ments. Sehroepfer et al. (1990) reappraised deoxygena-
tion rates of various wastes, noting that raw sewage,
primary effluent, and chemicaltreatment effluent were
characterized by a rapidly decreasing reaction rate eon-
stant during the first day of incubation.

Photosynthetic action by algae may represent a major
source of oxygen for streams, lakes, and estuaries; hence
it should be evalunated alomg with other factors in the
analysis of oxygen balance (1394, 1925, 1991, 1992).
Similarly, organic bottom deposits cannot be neglected,
for they may canse a significant portion of the oxygen
demand (1993, 1994). '

A great deal of work has been acecomplished and pub-
lished in recent years to evaluate more precisely the
regeration of streams and estuaries. To review all of this
work is far beyond the scope of this ehapter, but the
reader may wish to investigate these cited references
(1925, 1995, 1996, 1997, 1998, 1999, 2000, 2001, 2002,

.2003, 2004, 2005, 2006, 2097, 2518, 2951, 2952),

Of particular significance in the study of oxygen balance
bhas been the work of Hull at The Johns Hopkins Uni .
versity and Churehill of the Tennessee Valley Authority
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Using the eoncept of a self-purification coefficient (f) as
developed by Fair (1895), whereby f = %ﬁ . Hull (1927)
i

demonstrated that this coefficient ean be determined
readily at the critical point of the oxygen-sag curve by
the relationship:

L.

Je=%. = D.

Where L, and D, are the first-stage BOD and the oxygen
deficit at the eritical point, where the dissolved oxygen
reaches its minimum value. By this technrique, it is pos-
sible to compute f by knowing only the stream tempera-
ture, first-stage BOD, and the dissolved-oxygen eontent
at the point of minimum dissolved oxygen. There is no
need to determine kq, ks, or the time of travel. It should
be recognized, however, that the self-purification coeffi-
eient is not a constant, for it may change along the course
of a stream and it will vary with the discharge; henece
the f. value may not apply for computing the oxygen
balance over the length of a watercourse. _

Churchill (2008, 2009, 2010) presented a method for

finding the decrease in dissolved oxygen in a typical oxy-
zen-sag curve without unsing the original formula by
Streeter and Phelps, or any of its subsequent refine-
nents. The conventional procedure requires determina-
don of the first-stage BOD value (L) and the rate of
leoxygenation (%}, both of which require long-time
"30D incubation. Also, the reaeration coefficient (ki)
ind the time of flow (4) mmst be evaluated for each
reach of the stream and for each rate of discharge. In-
tead, Churchill proposed a method of analysis based on
nultiple linear eorrelation of observed dissolved-oxygen
frops (to the lowest point on the oxygen-sag curve) with
~day BOD, stream temperature, and stream discharge
t & stream sampling point nearby. For the example de-
eribed (in the Tennessee River area) the coefficient of
orrelation between observed and computed drops in
issolved oxygen was B — 0.869. The formula ean be
sed to predict the Improvement in the stream that can
e achieved by redueing the pollutional load.

In addition to oxygen-sag analyses, other less-sophisti-
ated methods have been developed along empirical lines
y determine the allowable load of pollution that a stream
in handle (1387, 1388, 1389, 1437, 2011). They repre-
1t a compromise between thorough case-by-case studies
! the deoxygenating effect on a stream of each probable
- possible discharge of waste and the arbitrary zoning
* streams with coneurrent wnse of effluent standards or
ceiving-water standards. s

The third aspect of natural purification of interest to
ater-pollution-control authorities is the development of
rolary pollutants as a result of nutrient enrichment.
1 problem is especially acute in fresh-water lakes,
1ere nuirients hasten the processes of euirophication
:d resnlt In heavy blooms of algae. Conventional proe-
ses of sewage treatment are of no help in amelioration

nutrient enrvichment, for the end-produets of biochem-

il stabilization (nitraies, phosphates, carbonates) are
¢ offending substances. Only by advanced waste treat-
:nt methods or by eomplete removal of effluents ean the
entual eutrophication of lakes be delayed.

In flowing water, nutrient enrichment is not gener-
ally a serious problem. Where discharged wastes are
high in certain carbohydrates, however, heavy growths
of Sphaerotilis natens may develop in streams.

For further discussion of the effects of fertilization on
receiving waters, the reader is referred to an excellent
review by Lackey (2012), the transactions of a 1960
Seminar on Algae and Metropoliian Wastes (2014), and
a description of the eutrophication of Swiss Lakes by
Jaag (20613).

i NATURAL PURIFICATION IN GROUND WATER

While extensive investigations have been conducted on
the physieal, chemieal, and biological changes that occur
in polluted surface waters, relatively little attention has
been directed toward similar phenomens in ground wa-
ter. The need for researeh in ground-water pollution has
been pointed out by Stanley and Eliassen (2015), by
McEee (2016), and by recent seminars on this subject
(2017, 2018). A Task Group of the American Water
Works Association (1969) makes periodic surveys of
groundwater pollution and waste-disposal practices.

In estimating the anticipated concentrations of pol-
Iutants in ground water, with due allowances for dilu-
tion as deseribed hereinbefore, one must recognize that
certain substances will pass through soil with little or no
physical, chemical, or biochemical changes, whereas
other substances will be removed or altered markedly.
Stated otherwise, some wastes will be conservative, or
unaltered by flow through soil, while others will be non-
conservative. Chlorides, for example, will pass through
soil with few if any changes in coneentration except for
the possible effects of dilution or evaporation. Indeed,
the chloride ion is probably the best tracer of ground-
water flow, for it is least affected by adsorption-desorp-
tion lag or by other physical or chemical phenomena.

Non-conservative substanees in ground water may be
altered by physical, chemical, and/or biochemical phe-
nomena such as oxidation or reduction, adsorption or
desorption, ion exchange, precipitation or dissolution,
aerobic or anserobic decomposition, and antibiesis or
symbiosis. Sometimes the reaction produets from decom-
position of non-conservative substances may be more
deleterious than the original compounds. Carbonaceous
wastes, for example, will be degraded biochemically in
the presence of oxygen to produce carbon dioxide, which
remains in solution in ground water. The inereased CO»
tension, in turn, might cause dissolution of caleium car-
bonate from the soil and thereby increase the hardness
of the ground water.

It is to be expected that wastes of high organic content
will quickly deplete any dissolved oxygen in greund
water. Moreover, no opportunity will be available for
reaeration. Anaerobic gronnd water will have a negative
redox potential that may lead to the reduction of ferrie
salts and an increase in solnble ferrous iron in pumped
water. In some instances, if the proper bacteria are
present, ground water of strongly negative redox po-
tential will lead to dinitrification of nitrates (2019, 2020)
and possibly to reduction of sulfates to sulfides. Ground
water from organie formations such as peaty soil is no-
tortously characterized by a high content of hydrogen
sulfide and possibly methane. ' '
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Some of the most thorough investigations of the be-
havior of pollutants in ground water have been con-
ducted at the University of California and the Univer-
sity of Sonthern California under the sponsorship of the
California State Water Pollution Control Board (1398,
1972, 1973, 1974, 2021, 2022, 2023, 2024, 2025, 2026,
2027). The reader is referred directly to these publica-
tions for details. Attention is invited. also to the legal
problems associated with possible pollution from ceme-
teries and other judicial aspeets of ground-water flow as
deseribed in Chapter IV.

Prior to the widespread use of synthetic detergents,
especially the ABS-type compounds, the chloride ion was
the only effective tracer of ground-water pollution. Ni-
trates have also been used as a tracer of ground-water
pollution (2028). As a conservative substance in satu-
rated ground water, ABS has proved fo be an ideal
tracer, for it does not appear to be subject to biochemical
decomposition and it is only slightly retarded by the
chromatographic effect of adsorption and desorption.
Several studies have been made to assess the rate of
travel of ABS through various types of soils under
known conditions of flow (2029, 2030). For more detail,
see Chapter X,

One aspect of natural purification in ground water is
the direct application of waste water to soil, either by
ridge-and-furrow irrigation or by sprinklers. The past
decade has shown an increased interest in land disposal
of municipal and industrial wastes. In general, the dis-
eharge of polluting substanees into water courses is
meeting with increased resistance, according to an
AWWA Task Group report (1400) and consequenily the
attractiveness of land disposal of wastes is enhanced. A
similar philosophy to show why industry is turning more
frequently to land dispeosal by percolation beds or in-
Jection wells is presented by Henkel (1401).

In liew of lagooning, which frequently results in strong
. odor problems and unstabilized effluents, the food-proe-
essing industries such as eanneries and dairies have ex-
perimented suceessfully with spray irrigation, which rep-
resents a form of land disposal. Aecording to Sanborn
(1402) the objective of spray irrigation of cultivated
areas for waste disposal is to apply the maximum amount
of waste water that can be absorbed by the soil and vege-
tation without surface run-off or damage to ¢over crops.
This intent is in direct contrast with the objective of
agricultural irrigation, which is to grow the maximum
crop with the minimum amount of water. Spray irriga-
tion involves a possible risk of pollution of ground-water
strata, especially if persistent foxie snbstances such as
boron are contained in the waste water, inasmuch as a
large proportion of the water pereolates beyond the root
zone of the eover erop and enters the shallow or deep
ground-water reservoirs.

Problems of the land disposal of sewage and indus-
trial wastes, too complex and too lengthy to include in
this brief synopsis of general considerations, are dis-
cussed in detail by several authors (1400, 1402, 1403,
1404, 1438, 1439, 1878, 2021, 2026, 2031, 2032, 2033,
2034). ‘

FREQUENCY OF SAMPLING

In studying and utilizing water-quality data, consider-

ation must be given to the frequeney of sampling and

the methods by which such data were obtained. This con-
sideration should take into account many of the factors
deseribed hereinbefore, such as dilution, mixing, dura-
tion of stream flow, and natural purification. In addition,
the evaluation should recognize the nature. of polluting
substance, the frequency and rate of its discharge, and
the harm to beneficial uses caused by infrequent high
concentrations.

Municipal sewage is discharged at a fairly uniform
rate, with daytime peaks and early-morning minima that
can be established relatively well for a given community.
Many industries follow a similar pattern of discharge,
related to working hours and unit processes for which the
character and strength of wastes ean be predicted. Some .
industries, however, utilize batch processes from which
discharge is infrequent and irregular, and some may
have aceidental spillages or surreptitious discharges. One
such unpredicted slug of ioxiec snbstance might destroy
the aquatic life of a stream or ruin the crops in an entire
irrigation distriet.

An ideal stream-sampling program, therefore, should
involve continuous sampling and analysis by means of
automatic equipment analogous to the continuous stage
recorders used for discharge measurements. This is a goal
for which the State Water Pollution Control Board
shonld strive, and henee it is recommended that an effort
be made to encourage the development of such equip-
ment. In this connection, attention is invited to the 1960
U. S. Public Health Service Seminar on Water Quality
Measurement and Instrumentation (2035).

Without continuous water-quality recorders, samples
should be taken as frequently as possible, commensurate -
with the cost of manual sampling and analysis, in regions
where slugs of pollution are likely to oceur. On other
streams not subject to intermittent discharges of wastes,
less-frequent sampling is indicated. For gronnd-water
basins and underground streams, changes in water qual-.
ity oceur so gradually that quarterly or semi-yearly
sampling may be adequate. -

In evaluating water-quality data, an engineer should
note whether the results are based on grab samples, daily
composites, or monthly or yearly averages. Where aver-
ages such as the arithmetic mean or median are em-
ployed, the number of samples used to compute the par-
ameters should be considered. In a similar fashion, any
standards that are promulgated to govern water quality
should specify the number and frequency of samples.
The USPHS Drinking Water Standards (2036) recog-
nize this effeet insofar as bacteria are involved by desig-
nating the minimum number of samples to be analyzed
per month, Insofar as the mandatory chemieal standards
of the USPHS are concerned, analyses need be made
only semi-annnally, and for the recommended limitations
on other physical and chethical tests no mention is made
of frequency of sampling. Streeter (26) points out that
a noteworthy feature of the stream standards of certain
state and interstate agencies is their ‘‘nse of the month
as a time unit in fixing limiting requirements for eoli-
form bacteria, dissolved oxygen, and BOD, and also the
separation of these requirements according to monthly:
averages and daily maxima or minima. The monthly
average time unit, first proposed in the Okio River Basin
standards, is in effect a stricter requirement than an an-
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nual average, all other things being equal, but tends fo
narrow very materially the wide range of variations
above and below the mean which in the past has intro-
duced difficulties in the application of standards based
on the annual period. Moreover, it recognizes the faet
that a monthly period affords a fair basis of indieating
sanitary conditions in a stream during critical times of
the year with respect to various stream uses. The added
specification of a daily maximum or minimum limit dif-
fering from the monthly average is desirable because
eritical conditions in a stream with respect to certain
water uses, notably the maintenance of aguatie life and
certain aspects of water supply sanitation, may occur
within periods of a few hours, and must be safeguarded
by setting tolerances accordingly. Thus, for desirable
stream qualities, each one of the four standards listed has
specified a daily minimum dissolved oxygen content of
5 ppm., in order to proteet streams from short-time
lapses in this respeet which might cause serious damage
to aquatic life.

“‘It has been well gaid that a fish dies only once, and
it is a matter of common observation that extensive fish
killings often oceur as the result of stream conditions
prevailing for relatively short periods of time. Although
such mortality may be due to the temporary presence of
toxic substances rather than asphyxiation due to oxygen
jeficiency, the prineiple involved is the same in both
:ases, and should be applicable to both of them alike, in
wder to be effective. In general, the fendency appears to
se to speeily either the total absence of certain toxie sub-
stances in streams, or their maximum allowable eoncen-
ration at any time. This question has an important bear-

ng on the fitness of streams for water supplies as well”

ts for the maintenance of fish life.

“A question may arise as to how the proper relation-
hip between a monthly average stream charaeteristic
md its daily maximum or minimum may be derived. In
leveloping the Ohio River Basin recommendations, and
dso those of the Tennessee Valley streams this relation-
hip was worked out from a study of the daily frequen-
tes with which various observed limits were exceeded, as
elated to the corresponding monthly average figure for
he same characteristic. For example, it was found from

study of a large number of observations in different

treams of the Ohio River Basin that the daily minimum
issolved oxygen content fends to remain above 5 ppm.
hen the monthly average is not less than 6.5 ppm. Al
hough the findings were slightly different in this respect
rom the analysis of stream data covering more limited
reas, such as those in the Tennessee Valley, and thus
rere reflected by some degree of variation in the actual
gures proposed in the different standards, the method
f their derivation was substantially similar in each
1se.”’
- The effects of diurnal fluctuation in dissolved oxygen,
1e importance of brief heavy discharges of strong indus-
+ial wastes, and the phenomena of mixing are discussed
y Haney (13870}, Chase (1423), Black and MeDermott
1373), and Hoak (1371). These factors were among
any that led Hoak to reiterate the necessity for eontin-
»us water-qnality recorders, as recommended in the
‘iginal volume of WATER QUALITY CRITERIA.

VARIABILITY OF WATER QUALITY DATA

In any analysis of water-quality data, one must recog-
nize that concentrations of specific substances in natural
waters change from hour to hour for many reasons. The -
discharge of polluting material, for example, will seldom
be constant throughout the day. The quantity of diluting
water, moreover, will change as a result of stream fiow,
tides and currents, ground-water {iuctuations, and other
variables of the receiving water, Sometimes water-quality
eriteria are specified to apply to the low-flow condition in
a stream. As a consequence of these two important flue-
tuations, the concentration of any substance in natural
waters may be expected to vary widely from hour to
hLour.

The question then arises: should the average {(arithme-
tic mean) or maximum concentration be considered for
threshold and limiting values? Jn some instances there
is no question that the extreme value must govern. A low
concentration of oxygen, for example, may persist in a
stream for a few hours only; but it may result in the
death of many fish. On the other hand, fluorides slightly
in execess of 1.5 mg/1 for a short period of time will cause
no serious mottling of teeth, although prolonged excesses
wili be deleterious.

1t is possible to define each analysis in terms of the
prescribed frequeney of sampling, a measure of central
tendency {e.g., the arithmetic mean), and a parameter
of variability such as the standard deviation. In leu of
these three logical yardsticks, the 80 pereent or 20 per-
eent values have frequenily been selected as representa-
tive measures of central tendency and variability. Where
an oecasional high (or low) value will cause no serious
harm, regulations often specify that the prescribed value
should not be violated in more than 20 percent of any
20 conseeutive samples. Tf sampling is infrequent, how-
ever, the water may be in violation for a long period of
time before this error is evident. To avoid a long wait,
with possible irreparable damage, the additional require-
ment is superimposed that no thrée consecutive samples
can exceed the stipulated concentration. If a water just
barely meets the 20 percent rule, the probability that
three consecutive samples will be in violation is only 6
pereent. Hence, this additional precaution superimposes
no further severe restriction and yet it provides a warn-
ing signal for violations of the quality requirements.

Reference is made frequently to the 95 percent confi-
denee limits, rather than to the 80 percent rule. Ninety-
five percent of all observations should fall between these
confidence limits. Thus, 2 stated value cannot be ex-
ceeded more than about 2.5 percent of the time. Ex-
pressed otherwise, any value that is outside the 95 per-
cent confidence limits varies from the mean by more than
two standard deviations.

BIOLOGICAL INDICES OF POLLUTION

No discussion of self-purification in surface streams.
would be adequate without reference to the role of biota
and their use as indicators of siream conditions. How-
ever, the decomposition of eomplex organic compounds
into stable substances by biological and biochemieal proe-
esses and- the synthesis of many end-produets of decom-
position into algae, erustacea, and fish are fascinating
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subjects that defy attempt at condensation and synopsis.
Instead of a review of current literature the reader is
referred to classical standard works such as ‘‘Fresh
Water Biology'’ by Ward and Whipple (15) and **Mi-
eroscopy of Drinking Water” by Whipple, Fair, and
Whipple (16). For more advaneced and recent work, the
references given for the specific biological pollutant in
Chapter VII should be consulted.

Interest and enthusiasm concerning the relationship
of macroscopic organisms to self-purification in streams
cnjoy periodie surges, and currently there appears to be
renewed vigor along this line, especially for the nse of
biota as indicators of pollution and purification. Strictly
speaking, the presence, absence, numbers, and diversity
of all tvpes of organisms, from viruses and baecterio-
phages through fishes and even aquatic mammals, could
ke used as eriteria of water quality and eonsequently
should be considered as part of this report. Inasmuch as
the chemical, physical, and baeteriological criteria are
casier to evaluate and apply, and inasmueh as the bio-
logical indices of pollution are relatively mndeveloped,
most of this report is confined to the conventional cri-
teria. In Chapter VII, however, certain biological pollu-
tants, such as pathogenic bacteria and toxic algae are
covered. It should be recognized, furthermore, that biota
other than those of feeal origin are seldom primary
pollutants, ie., they are seldom added directly to a
siream by a polluting ageney; instead, they are gen-
erally potential corollary pollutants whose numbers
depend upon the concentration of primary polluting sub-
stanees as well as upon natural conditions of tempera-
ture, stream flow, ete.

SYNERGISM AND ANTAGONISM

Throughout the literature relating to water-quality
eriteria, two terms appear frequently to describe the
effects and interaction of two or more substances. Inas-
much as these terms, “‘synergism’ and ‘‘antagonism,’’
as used hereinafter may not be familiar to some read-
ers, a few words of explanation are in order.

Webster’s New Collegiate Dictionary (Merriam) de-
fines synergism as ‘‘cooperative action of diserete agen-
cies such that the total effect is greater than the sum of

the two effects taken independently, as in the action of

the mixtures of certain drugs.”’ The eorresponding
adjective is ‘‘synergistic-—of or relating to synergism.”
The terms ‘‘synergy” and ““synergetic’’ are sometimes
nsed but there appears to be a shade of difference in their
reaning as compared with synergism. Thus synergy is
‘‘eombined action or operation, as of muscles, nerves,
ete.”” and the adjective synergetic is ‘“working together,
cooperating, as synergetic museles.”’ Insofar as water-
" quality eriteria are involved, therefore, the terms syner-
gism and synergistic seem to be more deseriptive.

To stress the importance of synergism, let us consider
a hypothetical example. Substance A may not be foxie
to fish in a concentration of 2.0 mg/l, and substance B
_may not be toxie at 5.0 mg/1; yet when only 1.0 mg/1 of
A and 2.0 mg/1 of B oceur together in water the com-
bined effect may be rapidly toxie. Actual examples of
synergism are noted later in this report, espeecially in
(Chapter VI. Synergism should not be confused with di-
rect chemical reactions that inerease the inimieal effects

of separate substances, e.g., as chlorination intensifies the
taste of phenols by the formation of chlorophenolic com-
pounds. For an interpretation by the courts of syner-
gistic action, see Jessup and Moore Paper Company v.
Zeitler, as described in Chapter IV. '

The opposite of synergism is antagonism, in which
the total effect of diserete agencies is less than the sum of
the separate effects taken independently. Thus, by itself
substance C may be toxic in concentrations as low as
1.0 mg/1, but in the presence of substance D, the toxie
concentration of substance C may be raised to 5.0 mg/l.
Part of this antagonism may result from direct precipi-
tation of the toxic compound, but more often the antag-
onistie action is not so ‘well defined or understood.

The entire subject of synergism and antagonism is
worthy of further investigation, for little is understood
about the basic mechanisms or fundamentals governing
these processes. Where their effects have been observed
in the literature, they are noted in this report, but sel-
dom is an attempt made to explain them.

DELINEATION OF TOXIC CONCENTRATION

The toxicity of many potential pollutants in water
toward plant and animal life is a time-econcentration
phenomenon, ie., for a given coneentration, toxicity in-
creases with continued exposure. For other substaneces,
however, toxicity is relatively independent of time, ie.,
if a given concentration is not toxic in one or two hours,
it will not be acutely or directly toxie. :

Experimental data on toxicity are sometimes reported
as ‘‘minimum lethal dose’’ (MLD), or the minimum con- -
centration required to kill one or more of the test species.
More frequently in bioassay work the term T, {toler-
anee limit, median) is used to designate the coneenira-
tion required to kill 50 percent of the tested organisms.
For either of these parameters (MLD or TLy,) it is es-
sential that the time of exposure be specified. Thus, one
reads about 24-hr. TL, values or 96-hr. MLD’. For
direct feeding experiments or injections, the median
toxie dosage is noted as LDy, or the lethal dose for 50
percent of the animals. Many LD, values are based on
single feedings or injections, in which ease time of ex-
posure is not a criterion; but where ingestion continues
over a period of days, the time of exposure should be
specified, _

Most bioassay work relates to “‘acute’ and ‘‘direct’’
toxicity, i.e., the lethal action within a period of 96 hours
or less. The deleterious effects of many substances, how-
ever, may not be evident for weeks, months, or longer.
Such long-term effects are known as “‘chronie”’ toxicity.
They may be related to changes in appetite, metabolism,
disorders of the nervous system, reproduction, or other
vital fanetions, the alteration of which does not produce

~early death. For this reason, many investigators prefer

to measure toxicity not in terms of death of the test
speeies but rather in relation to respiration, food con-
sumption, reproduction, or other funetion. It is Tea-
soned that changes in these functions are precursors of
chronic toxicity and eventual diminution or elimination
of the species. Even more remote in the time sequence is
possible mutation of genes that may cause a long-term
chronic effeet.
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Toxicity may be indirect as well as direet, i.e., a sub-
stance may have no direct toxic action toward a given
species either on an acute or chronie basis; but it may
result in eventual elimination of the gpecies by toxie
action against one or more of the organisms in the food
chain of the species in guestion. Very little quantitative
information is available on indirect chronic toxieity, for
sueh determinations require a coraplicated study of the
entire ecology.

In this report, toxicities are expressed for the most
part in the langnage of the original investigators. Some
data are given as MLD values, others as TLy,’s, and others
in terms of non-lethal effects. In establishing criteria of
toxicity, some authorities speak of ‘‘threshold’’ and
“Iimiting’’ econcentrations. A threshold concentration
is defined as one at which a given beneficial use of the
water is not damaged to any measurable degree by pollu-
tion, but slight effects are noticeable. A limiting eoncen-
tration is one af which the beneficial use is severely in-
hibited.

Throughout the following report an attempt is made
to differentiate between limiting and threshold concen-
trations, but unfortunately such careful segregation of
values is not always possible. Many ecriteria are reported
nerely as ‘‘desirable’’ or ‘‘optimum’’, while others are
sbjectives or goals toward which to strive. This confu-
sion of terms and blending of values is particularly
1ticeable in Chapter V where criteria for various indus-
rial water supplies are given. Many industries will
ipeeify water of high purity but will accept inferior
yuality if other economic considerations so dictate.
~ 'The confusion in parameters of concentration is par-
icularly evident where biological requirements are in-

volved. Here it is virtually impossible to establish thresh-
old coneentrations inasmuch as effects of a speeific sub-
stance on a particular organism will not portray the
over-all -changes in the eomplex interrelationships. of
ecology. For example, fish, minnows, daphnia and other
organisms may be exposed to one mg/l of substance X
for 100 hours or longer without apparent injury; yet
the continned discharge of substance X o as to give one
mg/l in a natural stream might alter materially the
natural fauna of the stream and result in the absence of
fish. : :

How can TLy or MLD values from short-time bloassay
tests be converted to safe, threshold, or limiting coneen-
trations? Unfortunately there is mo simple application
factor or formula to convert 24-, 48-, or 96-hour TlLy, or
MI.D data to concentrations that are considered safe for
long-time exposure. Simple factors such as one-tenth of
the 48, or 96-hour TLy, have been proposed, while other
investigators prefer formulas involving ratios of 24-, and
48-hour TL,, values. For a discussion of the merits and
limitations of application factors, see the papers by
Henderson (2037, 2038) and Pearson (1772).

For man, livestock, and wildlife the concentration of a
specific substance in drinking water may represent only
a small fraction of the total intake of that substance.
As pointed out by Cass (2039) it is essential to consider
the total intake from (a) atmospheric exposure through
nose, eyes, lungs, and digestive tract, (b) foodstuffs, (¢)
water and beverages, and {d) skin contact. Man’s total .
intake of sodium, caleium, chloride, and sulfates, for -
example, is generally far more dependent on his diet
than on the concentrations of these substances in his
drinking water.




CHAPTER [l

WATER QUALITY CRITERIA PROMULGATED BY STATE
AND INTERSTATE AGENCIES

The aims of this chapter are restricted to: (1) a brief
commentary on the historical development of water-
quality staridards and water-pollution-control practices;
(2) a discussion of the various types of standards or
eriteria with an evaluation of their significance or until-
ity; and (3) a summary of the standards and/or provi-
sions for standards of the states, interstate agencies, and
international groups of which the United States is a
member,

No attempt is made to consider the legislation by
which water-pollution-control boards or commissions are
established, nor the powers and duties delegated to such
bodies other than for the establishment of standards
and/or systems of stream classification. Furthermore,
this investigation does not deal with the action of boards
in requiring permits, approving plans, or operation of
programs; nor with enforcement, penalties, or appeals

-from decisions of the boards, except insofar as such ac-
tions are relevant to water-quality considerations.

HISTORICAL BACKGROUND

The earliest water-quality criteria were those that em-
ployed physical tests such as temperature, taste, odor,
color, and turbidity. Although old and familiar to the
layman, these criteria searcely deserve the faith placed
in them by a Mississippi jurist. in 1904 when he de-
clared, in part ‘‘ It is not necessary to weigh with tender-
ness and care the testimony of experts. Any ordinary
mortal knows whether water is fit to drink and use”’
(27).

Many of the physical criteria have heen refined and
may now be evaluated quantitatively with precision and
understanding. Temperature falls in this category.
Others, however, are still éxpressed in contemporary
standards by vague terms such as “No discharge shall
cause objeetionable discoloration or turbidity,’’ thereby
leaving to the administrative ageney or to the courts the
final interpretation.

Chemical eriteria of water quality were proposed al-
most two cenfuries ago. As early as 1784 waters were
said to be ‘‘drinkable’ if they wounld ‘‘dissolve soap
withont forming lumps . . . and deposit nothing or very
little by tests’’ (28). Organic matter in water was viewed
with suspicion by early observers and attempis were
made to determine it quantitatively and relate it to the
incidence of disease. That huvman and animal wastes
could contaminate water and render it dangerous for
drinking and other domestic uses has been known for
centuries (29, 30). Such tragedies as the cholera epi-
demic resulting from sewage contamination of the
Broad Street well in London in 1854 served to increase
interest in developing eriteria to detect impure and
dangerous water.

(28)

" Buch criteria were proposed by De Chaumont (31)
who held that a water was *‘pure and wholesome’’ if it
would yield less than 17 mg/l of residue upon evapora-
tion and the *‘. . . solids on incineration should scarcely
blacken’’; a water was ‘‘usable’’ if it had less than 51
mg/1 of residue and the *“. . . solids may blacken a little,
but no fumes should be given off’”; a “suspicious water’’
would have 54 to 85 mg/] of residue, with ““. . . much
blackening on incineration or nitrous fumes given off’;
and an “‘impure water’’ would have more than 85 mg/1
of residue with ‘. .. mueh blackening and nitrous
fumes given off, or smell of burnt horn.’’ These eriteria
were tempered, however, by the remark that ‘‘In peat
waters the ineinerated solids may blacken considerably’’
(31). Other early tests. were patterned on the rate and
quality of color changes of potassium permanganate
added to a small sample of the water.

About 1870, criteria based on the amount of ammonia
derived from proteinaceous substances in the water ecame
into prominence, and Leeds (27) proposed that, in
streams used for water supply, the free ammonia should
not exceed 0.12 mg/1 and the albuminoid nitrogen 0.28 °
mg/1. :

An early method of measuring the mierobiological .
quality of water depended on its ‘‘keeping power.’’
Thus, a relatively pure water could be stored for a much
longer time than could an impure water without changes
or growths that were visible to the naked eye. With the
development of the microseope, criteria were formulated
on the number and type of organisms and organic debris
observed in the water.

Thresh (32) makes an interesting comparison of two
early bacterial criteria relating the total number of bac-
teria to the guality of the water. His tabulation of the
recommendations of Miquel and Mace is shown below:

Number of bacteria per ml, after

Designation of Quality Miguel Mace

Very pure water .__.___._________ 0-19 0-10

Very good water ________________ 10-100 20-100
Good or pure water _____ . ___ 100-1,600 100-200
Passable water _____..____________ 1,000-10,000 200-500
Impure water ___________ ____ __ 10,000-100,000 500-1,000
Very impure water _____ _________ Over 100,000 Over 1,000

Henee, a water containing 750 bacteria per ml would be
*“impure’’ by Mace’s standards and ‘‘good’’ by Miquel’s,

As might be expected, almost all criteria for determin-
ing water quality have been subject to criticism of some
sort. Many standards, just by posing as a target for
eriticism, have served a wuseful purpose by Instigating
and inspiring further research, thereby increasing the
total knowledge. Bean, in a symposium (1744), diseusses
the need for high-quality professional standards within
the water industry. In a later paper (1745), he presents
some finite values for an ideal water. Lubratovich and




Ruble (1746) point out that the U. 8. Public Health
Service Drinking Water Standards define a safe water,
but not necessarily a good quality water, and then pro-
ceed to suggest finite high-quality standards. Both sets
of stapdards were published with the same intent,
namely, to create interest and discussion. Other stand-
ards, however, have been meekly and blindly aceepted
and somehow did not serve to spark the scientifie curi-
osity that leads to progress.

That some criteria have thus served their execiting or
antagonizing purpose, then slid out of sight or been im-
proved upon, is an encouraging fact, for many eriteria
of today are undoubtedly in error and will be improved
upon in time or cast away. Criteria are merely imperfect
human-made tools and will be supplanted by other eri-
teria as scientific knowledge advances. Among water-
quality criteria there are few if any that can be eonsid-
ered absolute and final, for absolute truth is a rare thing.

DEVELOPMENT OF WATER POLLUTION
CONTROL PRACTICES

Tn the last three decades, there has been an extremely
rapid expansion of governmental functions and responsi-
bilities in the field of water-pollution control, elosely fol-
lowing the development of the greatly widened govern-
mental activities in other areas of our highly integrated
and complex society. Inasmuch as water-pollution con-
trol has remained to a large extent a state responsibility,
the principles, laws, and methods adopted by each state
for smeh control differ markedly, depending upon the
oarticular néeds and experiences of the individual state.
fn reviewing each state’s program of water-pollution
sontrol, however, certain patterns, similarities, trends,
ind styles appear.

The authority to control water pellution began with
he commeon law. Several articles, papers, and reports
1ave been published to deseribe the water-pollution. as-
sects of the body of law dealing with public nuisances,
iparian rights, private damages, equity, and similar
‘acets of law (33).

The basic doctrine threading through the numerous
sourt deeisions affirms the prineiple that no right can be
iequired for an unreasonable abuse of a water to the
xtent that a downstream user suffers loss or hardship.
Phe earliest and most apparent results of uneontrolied
i indiseriminate pollution of water were the threats to
yublie health largely from the disposal of untreated sew-
ge, and the mass killing of fish largely from the disposal
f strong industrial wastes. Tt was natural, therefore,
hat the first efforts to control water pollution were di-
ected in the fields of public health and wildlife conser-
-ation.

The tools for controlling water pollution furnished by
he common law were largely punitive, applicable afier
he poliution was accomplished and the damage was
one. However, there appears to be no fundamental rea-
on why an efficient and adequate systemn of eontrol conld
ot develop, over a peried of years and with the accumu-
stion of custom and precedents, largely in such a
hadow of potential Titigation. Water-pollution controls
ased upon the common law have been used in part, and
Hl are, by various states. In many states it is common
3 find two different sets of laws applied to the same sub-
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stance—water. These states may use the riparian doe-
trine or the doctrine of prior appropriation to govern
the use of surface waters while the common law prevails

_ for the use of ground waters (1747). Although older, the

common-law eriterion can be quite severe (1748).

As the need for some sort of restraint to the pollution
of water grew, health departments of many states were
given statutory powers and responsibilities for pollution
control. Corollary powers and responsibilities were
usually given to other agencies for the protection of fish
and game. The legislation of each state differed greatly
in secope and powers, but usually the boards of health
were given the power to protect the supplies of domestie
water from contamination, to abate nuisances, and to pass
rules and regulations to insure this protectign. The de-
partments of fish and game usually were given analogous
powers for the protection of fish and wildlife. Many
states adopted a scheme of licensing or issning permits

. for the disposal of various wastes in natural waters to

facilitate the eontrol of water pollution.

In general, the primary responsibility for water-poliu-
tion eontrol fell upon the divisions of sanitary engineer-
ing or environmental sanitation in the state health de-
partments. These agencies drew their power from three
sources: the eommon law, specific statutes, and quasi-
legal rules and regulations of the boards of heaith. In
many states such a foundation in the areas of health and
wildlife was deemed to be unsatisfactory for the control
of water pollution, inasmuch as there was a lack of dele-
gation of authority and responsibility for pollution
abatement to a single administrative ageney. Further-
more, there were peculiarities that made such abatement
unenforceable in certain conditions, and there was con-
fusion over the very definition of pollution and the deci-
sion of what was to be abated.

To correct some of these inadequacies, the legislatures
of several states enacted specific water-pollution-contrel
legislation. Generally, these newer acts sapplement the
existing statutes by providing for a single administrative
agency that is responsible for control and abatement of
water pollution in the state. Provisions are often made
(a) for representation of the several interests concerned
in water pollution, either on an advisory board or on the
control board itself, (b) for the definition and determi-
nation of pollution, usually by stream standards or classi-
fieations, (e¢) for the enforcement of abatement orders,
with penalties for non-compliance, and (d) for hearings
and appeals of parties affected by actions of the agency.

More recent developments include the closer alignment
of state water-pollution-control ageneies with other state
water-resource-development activities (see New York,
North Carolina, and California), the participation of the
Federal Government in interstate pellution-control agen-
eies, and the formation of state-federal basin eommit-
tees on water-resource activities whereby the various
state and federal ageneies will have representation.

TYPES OF CRITERIA FOR WATER
POLLUTION CONTROL

There are two basie types of criteria or standards that
have been used for the comtrol of water pollution. One
type dealing with the quality of the receiving water,
whether  stream, lake, river, estuary, open ocean; or
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ground water, is commonly designated as ‘‘stream stand-
ards’’ or ‘‘receiving-water standards.”” The other type,
referring to the quality of the wastes to be discharged
from a given plant, is called *‘effluent standards.”’ Each
type has its advantages and disadvantages, each type
has its advocates and opponents, and each type is in
commoen use today (1749, 1750).

Stream standards may be divided into two distinet
categories; (a) dilution requirements and (b) standards
of receiving-water quality. Largely outmoded now
(1751), dilution requirements were favored at the turn
of the eentury as handy yardsticks and rules-of-thumb.
They were proposed first in 1887 for the Chicago drain-
age canal, when Rudolf Hering recommended a dilution
rate of 3.3 efs per 1,000 persons sewered (35). Later
Hazen, Goodnough, Stearns and others in New England
proposed requirements varying from 2 to 10 cfs per
1,000 persons, depending on the characteristics of the
receiving waters (26).

Considerations of dilution entered into the recommen-
dations in the Eighth Report of the Royal Commission
on Sewage Disposal, 1913. Although these recommenda-
tions were never legalized by Parliament, they are gen-
erally quoted in bills before parHamentary commitiees
and in courts of law in Great Britain (36). The Royal
Commigssion recommended that a general standard and
several special standards be established, the choice of
which in each instance would depend on - local cirenm-
stances. In order to comply with the general standard,
an effluent had to contain not more than 30 mg/l of
suspended matter and not more than 20 mg/I of 5-day,
18.3°C BOD, without reference to dilution. In speeify-
ing speeial standards, however, the Royal Commission
considered dilution as the chief factor. Where dilution
exceeded 150 to 1, the limitation on BOD was omitted
and the suspended solids content was allowed to be as
high as 60 mg/l. Where dilution exceeded 300 to 1, the
standard for suspended solids was relaxed further to 150
‘mg/1; and with dilution in excess of 500 to 1, all tests
could be waived, provided of course that esthetie re-
gquirements with regard to sereenings and floating solids
were considered.

Standards of guality of the receiving water are based
on threshold and limiting values for specific substances
in the water, and depend on the beneficial uses to which
the water may be put. Widely used now and gaining
in favor among those who feel that sore sort of formal-
ized criteria are necessary, this category of stream stand-
ards 18 frequently correlated with a system of stream
classification or zoning whereby separate standards are
set for each stream or zone. The prineipal advantage
of standards of stream quality over effluent standards
Les in the faet that they take into account dilution and
the assimilative capacity of the receiving water and con-
sequently lead generally to an economy of treatment
works for pollution abatement. On the other hand, sueh
standards are difficult to formulate and define, and more
difficult to administer, Where stream -eclassification is
mandatory and complicated, the program may become
extremely cumbergsome. For an example of stream stand-
ards without elassifieation, see the brief deseription of
. the Indiana program and for an example of standards
eoupled with classifieation see the New York plan. An

example of stream standards that have not been legis-
lated but which have been generally accepted and used
as guides (in England) are: a maximum hmit of 4 mg/1
of BOD; pH in the range of 6.0 to 9.0; suspended solids
that will not cause silting of streams; and virtually com-
plete removal of bighly toxic substances such as eyanides
and certain metal jons (1752). '

The second general type, effluent standards, may also
be divided into two general categories; those that re-
striet the strength and/or amount of substance that can
be discharged, and those that specify the degree of treat-
ment or percentage removal of a speeific pollutant that
must be accomplished by treatment or by changes in
industrial processes. The first report of the Rivers Pol-
lution Commission in England, 1868, recommended
‘‘standards of purity’’ for efluents, proposing Hmits for
suspended organic and mineral matter, organic carbon,
and nitrogen, sulfides, metals (other than the comimon
alkaline earth metals), acidity, alkalinity, arsenic, free
chlorine, oil, and color (1753). As an example of restrie-
tions on the strength of wastes, the Inferstate Commis-
sion on the Delaware River (Incodel) specifies that efflu-
ents diseharged into Zone 1 shall have a BOD not greater
th&;li 50 mg/l, and into Zone 2 not greater than 100
mg/l. , ‘ :
Pennsylvania has pioneered in effluent standards that
specify the amount of pollutant that may be discharged
by special industries and each process within such in-
dustries. This program is based on a percentage removal
of pollutants from ‘‘normal’’ for each process, as estab-
lished by representatives of industry. Consequently the
effluent requirements favor good housekeeping and pe-
nalize the inefficient operator.

Standards that speeify the degree of treatment are
also typified by those of Incodel, which require in addi-
tion to the limitations on BOD as specified above that .
the BOD reduction of wastes discharged into waters of -
Zones 1 and 2 shall be at least 85 percent and that wastes
entering Zone 3 shall have a BOD reduction of at least
35 perecent, '

Effluent standards have the advantages of simplicity
and ease of administration, for they are well defined and
equitable among industries. Their primary disadvantage
lies in their uneconomical use of the assimilative powers
of receiving waters.

SIGNIFICANCE OF CRITERIA
A marked difference of opinion exists among water-

. pollution-control authorities, in industry, in private

practice, and in public agencies, regarding the advan-
tages and disadvantages of various types of standards
and systems of classification. Dappert (1421) presents
the case for the use of classes and standards, whereas
MecKee and Bacon (1422) outline the merits of case-by-
case studies in lien of fixed standards. In a panel discus-
sion, Wieters, Knox, Healy, and Chase (1423) present
many facets of the arguments for and against classifi-
cation of surface waters, while Hopkins (1424), Hess
(1413, 1754), Gloyna, Wolff, Geyer, and Wolman (1755),
and Frederick (1425) discuss the background of several
philosophies. :

In a comparison with England, Klein notes that in the
United States ‘‘stream standards rather than efAuent
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standards are preferred for legal purposes and (that)
this is understandable in a country where, in general,
rivers are large and pollutions occur at wide intervals’’
(1756). However, Pennsylvania has long favored efftuent
standards beeause they are easy to enforee {1757).

The difference of opinion is just as prevalent abroad
as it is in the United States. In England, for example,
““experience has led to the eonelusion that to devise by-
laws (standards) which would be satisfactory, effective,
and generally applieable would be so diffienlt as to be
almost impossible. Recognizing this, the trade effluents
gub-committee of the Central Advisory Water Committee
recently (1960) recommended a change in the law in
England and Wales whereby the ecurrent procedure,
suitably medified, would also apply to old discharges.
By this, the discharges would be dealt with one by one
instead of by reference to a general standard, and this
would enable all the circumstances to be taken fully into
account’” (1758).

The Water Research Association in England discussed
the philosophy of establishing limits or standards of
water quality. It is their conclusion {(1759) that:

1. Limitation is clearly advantageous only if those
substances that are injurious to human health in
concentrations that are lower than those in which
the substance may be otherwise deleterious, e.g.

. lead.

£¢9. Timitation may be advisable where the substance
is not detrimental to human health, provided the
ground for the Hmitation is generally applicable

and clearly stated, e.g. iron on account of colora-

tion imparted.

+¢3  Limitation is not desirable where the presence of
the substance at coneentrations less than that at
which it is injurious to bealth could be objeetion-
able on more than one ground. In such cases a list
of the grounds on which the presence is harmful,
together with the quantities below which no dam-
age conld result, would be advantageous.

‘4 Such tables might be of great complexity as the
activity of one substance can depend on the pres-
ence of anothier. Although present knaowledge does
not permit of their construction a greater under-
standing should be sought, ’

t¢5_ Aecurate information and good judgment have no
substitute.”’

King (1760, 1761) also discusses the difficulties in
}ormulating standards and their disadvantages and im-
sracticability. Nevertheless, he states, in order to protect
‘he quality of tidal waters and streams it is necessary
or the authorities controlling the waters to adopt con-
litions of discharge.

For Australia, the impracticability of any universal
standard of purification (treatment) is pointed out, but
still the need to draw up standards for particular rivers
yr for seetions of rivers is stressed (1762).

In Germany, the fixing of standards of concentration
s not recommended (by Bucksteeg), as local conditions
nd capacity of streams vary. (1763). Another writer
wncluded that general effluent standards are impractical,
wnd that equitable standards for an individual effluent
wn be established only after careful consideration of

both the efffuent and the recelving stream, and as the
latter change so would the standards have to change

(1764).

The need for efluent standards in South Africa is
cited, but separate standards will be necessary for each
region of the country as a result of wide climaetic and
geographieal differences (1765).

On 23 and 24 February 1960, the U.S.8.R. Chiefl State
Sanitary Inspector and the boards of the All-Union and
All-Russian Hygiene Societies called a meeting to diseuss
the problem of establishing maximum permissible con-
centrations. A discussion of the meeting was published
by T. E. Nagibina in a Soviet journal and translated
into English by B. 8. Levine. According to this account,
a Soviet seientist (Ya. M. Grushko) had questioned the
basic principle of levying maximum permissible eoneen-

~ {rations on harmful substances in water since this prae-

tice made it possible for industry to pollute the water
““aeeording to law.”’ Such regulation resulted in a hin-
drance of the work against water pollution. These
comments, published in newspapers and magazines, had
precipitated a storm of controversy that resulted in the
meeting.

Over 60 leading Soviet seientists participated in the
meeting. The only person who spoke on behalf of
Grushko was Grushko himself. He reaffirmed his posi-
tion, stating that the policy of relying on standards is
wrong. He added, however, that he is not against maxi-
mum permissible concentrations per se. He only wanted
to see these standards lowered, ie., a “‘drastic reduction
in the maximum permissible concentrations.”

ANl other participants soundly scolded Grushko’s
views. V. M. Zhdanov, the US.8.R. Chief State Sanitary
Inspector, summarized the favorable (almost militant)
attitude of these participanis for standards with, **We
in the State Sanitary Inspection Commission consider
the discussion eloged . . ."’

The resnlts of the meeting were discussed on 3 March

1960 by the staff of the U.B.8.R. Ministry of Public

Health who reaffirmed and endorsed the principles and
practice of maximum permissible concenfrations (1766).

In summary, it appears that sanitary engineers have
an almost universal dislike for breadly applied water-
quality standards. While all of the partisans of the
varions views will agree that effective and economie
abatement of pollution is the logieal goal it remains dif-
fieult to assess the merits of each philosophy. Often the
engineering and eeonomie aspeets are obseured by
politieal and personal factors.

FEDERAL ATTITUDE TOWARD CRITERIA
OF POLLUTION CONTROL

Five Federal laws containing major provisions eon-
cerned with the control of water pollution have been
enacted by the Congress. Two of these, the Rivers and
Harbors Act of 1899 (Section 13) and the Oil Pollution
Act of 1924, are primarily concerned with preventing
damage to shipping, and are administered by the De-
partment of Defense. The 1899 Aect prohibits the de-
positing of waste materials, other than that flowing from
streets and sewers in a liguid sfate, in or on the banks
of navigable waters and their tributaries (see Chapter
IV, United States v. Republic Steel Corp.). The 1924
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Aect prohibits the discharge of oil into the coastal nmavi-
gable waters of the United States.

The third major Federal enactment regarding water
pollution was a provision in the Public Health Service
Act of 1912, which gave specifiec authority to the Publie
Health Service to conduct investigations of the pollution
of streams and lakes by sewage and other causes. Tt was
under this legislation that the Serviee carried out early
research and investigations that provided the basis for
information and econsultative services to other agencies,

The first comprehensive-type legislation in the pollu-

tion control field was the Water Pollution Control Aet.

of 1948 (P. L. 845, 80th Congress) which authorized ex-
panded activities by the Public Health Service. This
law, passed after a half-century of consideration of na-
tional water pellution problems and evaluation of the
responsibility of the Federal government, added the
principles of State-Federal cooperative program devel-
opment, limited Federal enforcement authority, and
financial aid. ¥inally, the particular eoncern of the Fed-
eral government in the growing national pollution prob-
lem resulted in the new Federal Water Pollution Control
Act (P. L. 660, 84th Congress}, which was approved by
the President on July 9, 1956. Experience had shown

that many of the prineciples and provisions embodied n-

the Act of 1948 were sound, and many were carried over
into the new legislation (1767).

The Federal Water Pollution Control Aet Amend-
ments of 1961 considerably elevated the sigmificance of
the entire federal water-pollution-control program. II_;-
stead of being a Public Health Service program, it is
now administered directly by the Secretary of the De-
partment of Health, Education, and Welfare. Also, the
amendments greatly increased the area of federal en-
forcement since the previous restriction to interstate
waters has been Iifted to include interstate or navigable
waters. :

Section 4 of the aet states, in part, that the Seeretary
shall, “‘in cooperation with other Federal, State, and
local agencies having related responsibilities, collect and
disseminate basie data on chemical, physical, and biologi-
cal water quality insofar as such data or other informa-
tion relate to water pollution and the prevention and
control thereof’’ (1768). The 1961 amendment adds
¢ .. the Secretary shall develop and demonstrate under
varied conditions . . . practicable means of treating
municipal sewage and other waterborne wastes to re-
move the maximum possible amounts of physical, chemi-
cal, and biological pollutants in order to restore and
maintain the maximum amount of the Nation’s water
at a quality suitable for repeated reuse ...”” (1769).

Following discussions among federal, interstate, state,
and local agencies having allied responsibilities, it was
agreed by them that the over-all objectives of the pro-
gram should include: -

“ta. Long-term information on changes in water qu?,l-
ity at key points in river systems, as such quality
may be affected by change in water use and devel-
opment.

“*h. Continnous information on the nature and extent
of pollutants affecting water quality’ (1768).

Clearly, the federal position in regard:s to quality is
one of exireme concern. However, no national standards

or regulations have been developed for the control of dis-
charge of wastes into surface waters (1755).
‘The guestion of the introduction of national standards

" was lightly touched upon at the 1960 National Confer-

ence on Water Pollution. Recommendation 21 of the Con-
ference states, ‘‘Provision should be made within the
Public Health Service for developing the water quality
criteria which are suited to application on a national
basis. However, many water quality eriteria are not uni-
formly applicable because of the effects of area usage
differences, stream characteristics and other faciors.
State and local determinations of some eriteria also will
have to be made. Tt is recognized that periodie revision
of these eriteria not only will be in order, but should be
sought as new data are made available’’ (1772).

Congress recognizes that primary responsibility in the
feld of water-pollution control. rests with the states
(1773). The federal role in water pollution is to provide
technical serviees and finanejal aid to states, interstate
agencies, and munieipalities. A ‘‘Suggested State Water
Polintion Contral Act”’ has heen issned by the Publie -
Health Service, and as of July 1961 its prineiples had
been used by 40 states (1743). An explanatory statement
with respect to classification and standards is as follows

‘“Some agencies in the administration of water pollu-
tion control programs have classified the waters of the
State according to their use and have established stand-
ards of quality for such waters in accordance with their
respective uses. Proponents of this method have urged
that elassification and setting of standards is an essential
element of any comprehensive program and also that no
enforeement action can be undertaken without determin-
ation of the use fo which a particnlar body of water
should be put and the degree of quality which the water
must have in order to be suitable. for such use. This ap-
proach, however, has been severely criticized by others
who maintain that the process is administratively diffi-
cult and time consuming, that classifications onee made
are hard to ehange and tend to create vested'interests,
and that the tendency will be to reduece waters to the
level of mere carriers of wastes because of the pressure
of special interests.

““The Suggested State Water Pollution Control Act
authorizes the agency to classify waters and set up
standards of quality for water falling within particular
classifications but does not make it mandatory to do so.
Classifieations and standards once promulgated have a
definite legal effect and their violation is made unlawfui ;
conversely, discharges which comply with such classifi-
cations and standards are not pollution within the mean-
ing of this Act. In view of the number of persons affected
hy classifications and standards, it is required that their
adoption be preceded by a public hearing open to all resi-
dents of the areas affected, and that adequate notice
thereof be given. The Act provides that in classifying
waters and setting standards the agency will be guided
by the principle of constantly seeking to improve water
quality and upgrading streams for progressively higher
uses to the maximum extent practicable’’ (1774).

The Suggested Act itself deals with the above subject
matter in Section 6 as follows (also see 1793) :

“Bection 6. Classification of Waters; Standards of
Water Quality. '
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(a) In order to effectuate a comprehensive program
for the prevention, control and abatement of poliution
of the waters of the State, the Board is authorized to
group such waters into classes according to their pres-
ent and future best uses for the purpose of progres-
sively improving the quality of such waters and up-
grading them from time to time by reclassifying them,
to the maximum exient that is practical and in- the
public interest. Standards of quality for each such
classification consistent with best present and future
use of sneh waters may be adopted by the Board and
from time to time modified or changed. (States which
adhere to the ‘‘prior acquisition doctrine’’ should
take cognizance of the effect that classification will
have on water rights established under other laws.)

(b) Prier to classifying waters or setting standards
or modifying or repealing such classifteations or stand-
ards the Board shall conduct publie hearings in eon-
nection therewith. Notice of public hearing for the con-
sideration, adoption or amendment of the elassification
of waters and standards of purity and quality thereof
shall specify the waters concerning which a classifica-
tion is sought to be made or for which standards are
sought to be adopted and the time, date, and place of
such hearing. Such notice shall be published at least
twice in a newspaper of general circulation in the area
affected and shall be mailed at least twenty days before
such public hearing to the chief executive of each po-
litical subdivision of the area affected and may be
mailed to such other persons as the Beard has reason
to believe may be affected by such elassification and
the setting of such standards.

(¢) The adoption of standards of quality of the
waters of the State and classification of such waters
or any modification or change thereof shall be effectu-

ated by an order of the Board which shall be published -

in a newspaper of general circulation in the area af-
fected. In classifying waters and setting standards of
water quality or making any modification or change
thereof, the Board shall announee a reasonable time
for persons discharging wastes into the waters of the
State to comply with such classification or standards,
unless sneh discharges create an actual or potential
hazard to public health.

Any disecharge in accord with such classification or
tandards shall not be deemed to be pollution for the
yarposes of this Act”” (1774).

Whether or not this new and suggested legislation
ndicates an eventual application of federal standards
o0 interstate and to navigable waters remains to be seen.

The statutes in effect in each state with respect fo
tandards, objectives, requirements, or criteria of water
juality are deseribed in the following sections of this
hapter.

\LABAMA

The Water Improvement Commission has the primary
esponsibility for water-pollution control in Alabama.
*he Commission was created in 1947 as an investigation
nd advisory group (37), and was called the Water Im-
yrovement Advisory Commission. In 1949 it was given
airly comprehensive powers (38), and in 1953 1t was

urther strengthened, renamed as indicated, and made

more flexible by the ereation of an Executive Commitiee
of five designated members of the Water Improvement
Commission who act for the full Commission under such
powers as are delegated to if by the Commission. Among
the duties of the Commission is that of establishing eri-
teria or standards for recognized limits of pollution
(1770). . i

The standards of quality are to be related to the rea-
sonable and necessary use of the waters in the publie
interest, in the consideration that no single standard
of treatment and no single standard of quality are prae-
tical, and that future as well as present uses musi be
considered (1770, 1771). -

The Commission has not yet established any standards
of water quality, relying instead upon a review of each
situation on the basis of its merits and upon the per-
missible conditions as governed by downsiream water
uses. ‘‘ Permits are reguired for the discharge of sewage,
industrial waste and other wastes subject to the au-
thority and control of the Commission. Each permit shall
stipulate the eonditions under which such discharge may
be permitted. Preservation of water quality for all rea-
sonable downstream uses is a primary factor in the is-
sugnce of permits’’ (39}).

ALASKA

In 1949 Alaska enacted a comprehensive water-pollu-
tion-control law known as the Alaska Water Pollution
Control Act, administered by the Water Pollution Con-
trol Board, and created within the Department of
Tealth. The Board was responsible for the setting of
standards of pollution and of water purity, and in so
doing, recognized that owing to variable factors no single
standard of quality and purity is applicable to all of
the waters of the state {1776). Then in 1959, the State
Organization Act abolished the old Board of Health and
the Alaska Water Pollution Control Board. It recon-
stituted the Water Pollution Control Authority within
a new Department of Health and Welfare. The Commis-
sioner of the new Authority is charged with the
functions and duties of the former Commissioner of
Health and the Board of Health, as well as those of the
former Water Pollution Control Board and the Exeecu-
tive Secretary of the Water Pollution Control Board
(1777). ‘

Tndustrial wastes from ‘‘gravel-waghing plants and
all phases of Placer Mining Operations shall not be eon-
sidered polution within the meaning of this Aet’’
(1776). However, it is the public policy of the State of
Alaska to maintain standards of purity of its waters
consistent with pubHe health and public enjoyment, the
propagation and protection of fish and wildlife, and the
industrial development of the state, and to that end
require the use of all known available and reasonable
methods to prevent and control pellution (1778).

ARIZONA

 Water-pollution control in Arizona rests largely with
the State Department of Health and with the Game and
Fish Commission. The State Board of Health establishes
the general policies of the Department of Iealth, and
preseribes regulations for minjmmm standards of the
guality of water sold or distributed to the public, for
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" inspection and certification of water supplies, and for
correction of those systems which do not ecomply with
minimum standards. Iits regulations alse provide for
sewage treatment, industrial-waste treatment, and the
setting of mirimum standards therefore. In general, the
Commissioner of the Department of Health is given the
power to issue and enforee necessary special orders to
protect the public heaith and welfare in cases of pollu-
tion of bodies of water (41).

The Arizona Game and Fish Commission is authorized
to restrain the discharge of any poisonous, deleterious,
or polluting substance or waste into a stream or body
of water that may be injurious to fish, fishlife, or wild-
life (1779).

The statutes do not provide specifically for establish-
ing stream standards or classifications (40) and none
have been established.

ARKANSAS

The Arkansas Water Pollution Control Cemmission
was created and established within the State Board of
Heaith by the 1949 Legislature. Among the powers and
duties given to the eommission was the responsibility
‘“to make such classifieation of the waters of the State
as it may deem advisable. .. *’ (42).

Amendments to the act were passed in 1953 and 1959
which were primarily concerned with administrative de-
tails, But the amendments of Act 120 of 1961 consider-
ably broadened the definitions of the earlier act and,
further, charged the commission with the power of ‘‘set-
ting standards of water quality, classifying waters or
evidencing any other determination’’ under the Aect
(1781).

The Commrission is authorized to control the disposal of
wastes into the waters of the state by munieipalities, in-
dustries, and public and private persons; to establish
pollution standards for such waters; to restrain the dis-
charge of waste material or poluting substances into
state waters; and to issue rules, regulations, and orders
in earrying out these functions (1782).

Ag yet, no standards or objectives have been estab-
lished. Any disposal of sewage or industrial wastes is
subject to 2 permit issued by the Water Pollution Con-
trol Commission.

'The Arkansas Game and Fish Commission has author-
ity in the field of water pollution parallel to that of the
‘Water Pollution Control Commission.

CALIFORNIA _

The background and philesophy of water-pollution
control in California are described in Chapter I. Pri-
mary responsibility for proteetion of the quality of fresh
and saline waters rests with the State Water Pollution
Control Board, which is intended by law to ecordinate
the interests of other state agencies, such as the Depart-
ment of Public Health, Department of Fish and Game,
Department of Water Resources, and Department of
Agriculture. While the State Water Pollution Control
Board establishes overall policy, budgets and distributes
funds (including federal allotments under P.L. 660),
sponsors research and investigations, publishes reports,
and generally administers the program, the specific eon-

trol measures are earried out by nine Regional WPC
Boards. :

With considerable freedom to conduct water-pollution
abatement in accordance with loeal conditions and needs,
each regional board has developed its own pattern of
general ‘‘objectives’’ for the maintenance and protection
of the major receiving waters in the region and has pro-
mulgated specific ‘‘requirements’’ for each existing or
proposed discharge of municipal or industrial wastes.
The general objectives relate to the quality to be main-
tained in the receiving waters (stream, lake, ground-
water basin, estuary, or open ocean) but the specific re-
quirements may govern the amount or concentration of
pollutant in the effluent as well as the quality of receiving
water. To reproduce, tabulate, collate, or otherwise de-
seribe the hundreds of objectives and requirements issued
by the nine regional hoards would be tedious and per-
haps unwise. Instead, one example will be cited for ob-
Jectives and ome for requirements. These examples are
not necessarily typieal, nor should they be considered as
models. Indeed, a major feature of the California pro-
gram of water-pollution control is the individual case-by-
case analysis of each speeific problem, a feature that mili-
tates against typical or model solutions.

Objectives have been promulgated by the Santa Ana
Regional Water Pollution Control Board (No. 8) for the
quality of exported and sub-surface outflow of ground
water from the Bunker Hill Basin, a fairly well-defined
ground-water body underlying the City of San Bernar- .
dino and contiguous areas. These objectives, reproduced
as Appendix A-1 of this report, are intended to prevent
the degradation by sewage or industrial wastes of this
extensive water resouree and the downstream ground-
water basins into which it discharges. Although they
do not relate to any specific dicharge, the objectives
are used as guidelines in establishing requirements for
bresent and future waste effluents in this area. .

‘An example of requirements for a specific disposal sit-
uation is given by Resolution No. 60-76 of the TLos An-
geles Regional WPC Board (No. 4), reproduced herein
as Appendix A-2. This resolution preseribes requirements
for the disposal of effuent from an activated-sludge plant '
to be used for reeclamation of water at Whittier Narrows,
in the County of Los Angeles. After recitation of back.
ground information and findings, the resolution specifies
the maximum limit of 14 constituents in the effluent, the
location of sampling stations, the type, frequency and
technique of sampling and analysis, the records and re-
ports to be maintained and submitted, and the establish-
ment of menitoring wells to determine the effect, if any,
that the spreading of discharged wastes will have on
underground receiving waters.

Objectives and reguirements issued by the nine re-
gional WPC boards in California are subject to frequent
review and revision in the light of new findings and im-
proved techniques of analysis. For this reason, any inter-
ested reader should check with the responsible regional
board for the most recent version relating to any specifie
situation.

COLORADO

The agency that has primary responsibility eoneerning
water-pollution control is the State Départment of Publie




Health. However, the City and County of Denver have
authority to control pollution on the South Platte River
and tributaries above Clear Creek, such control to keep
the waters safe for domestie purposes (1783).

Changes in the State Health Department Laws include

a 1955 amendment :

‘‘The state department of pubhe health shall establish
and enforee minimum general sanitary standards as to
the gquality of water supplied to the public and as to the
quality of the effluent of sewerage systems and trade
wastes discharged upon the land or into the surface or
ground waters.

““The phrase ‘minimum general sanitary standards’
as used in this section shall mean the minrimam stand-

ards reasonably consistent with pretection of the public

health, and in the case of minimum general sanitary
standards as to the quality of water supplied to the
public, the same shall in no event be less than the drink-
ing water standards of the United States Public Health
Serviece. The word ‘standards’ as used in this seection
shall mean standards reasonably designed to promote
and protect the public health.

““To enforee the publie pohcy of the state of Colorado
with reference to the pollution of waters of the state by
human excreta as herein expressed, it is hereby declared
that the health, safety, and welfare of the inhabitants of
- the state of Colorado require that the streams, lakes, and
other waters of the state be kept free of pollution by
human wastes, and it is therefore declared to be the
public policy of this state that no discharge which con-
tains human excreta shall be permitted to flow in the
streams, lakes, or other waters of this state, unless such
discharge shall comply with all standards of the state
board of health adopted pursuant to law: and in addition
thereto the following standard shall apply :

The coliform count shall not average more than
1000/mal kbased upon not less than four samples taken
at the rate of at least one sample per day over a period
of four consecutive days’ (1784).

" In 1959, the Health Department Law was amended to
include:

“Minimum standards shall be not more than 0.5 ml/l
for settleable organic matter, not more than 75 mg/l
for snspended organie matter, and not more than 50
mg/1 for the eombined suspended and dissolved or-
ganic matter when measured in terms of 5-day, 20°C
BOD’* (1784).

In addition, State Board of Health Regulatmns specify
that:

““1. The effluent of sewerage systems or trade wastes
shall not contain substances in guantities toxie to
man.

2. No floating matter shall be discharged in the effla-
ent of sewerage systems or trade wastes.

‘3. If the effluent of sewerage systems or trade wastes
are discharged into a watercourse used down-
stream in Colorado as a surface source of publie
domestic water supply, the dissolved or suspended
matter shall not exceed 30 mg/l when measured
in terms of 5-day 20°C BOD*’ (1785).
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CONNECTICUT

The control of water pollution in Connecticut rests
largely with the State Water Resources Commission, but
the State Department of Health has specifie powers
relating to water-pollution control as it affects publie
health (1786}. Since Conneeticut is a member of both the
Interstate Sanitation Commission and the New England
Interstate Water Pollution Control Commission, some of
her waters are subject to certain standards and classifica-

"tions of those commissions (46), as deseribed hereinafter.

The Commission adopts some standards on a river-valley
basis and others on individual plants and specifie dis-
charges.

In September 1952 the Commission adopted a pollu-
tion-abatement poliey im the Quinnipiac River Valley
which established the following effluent standards
(1787) :

“1, AN sewage or sanitary wastes before discharge to
the Quinnipiac River or its tributaries shail be
ireated in an adequately designed and operated
plant which will produce an effluent of a gquality
equal to that usually produced in a treatment
process including high rate tncklmg filters and
chlorination.

2. ANl water borne industrial W&s‘tes, before heing
discharged to the Quinnipiac River and its tribu-
taries shall be treated in an adeguately designed
and operated plant which will produce an effluent
which, upon laboratory tests, will meet the follow-
ing standards:

. pH between 6.5 and 8.5

. Color and turbidity not over 50 ppm.

. Suspended.solids not over 30 ppm.

. B.0.D. not over 25 ppm.

Metals (dissolved) each not over 5 ppm.

. Oils and greases not over 20 ppm.

. Any water borne wastes of unusunal character
or volume not covered by the preceding stand-
ards will be considered as individual prob-
lems.’”

R PR TR

For the Hockanum River Valley the following efffluent
standards were established by a policy statement of the
State Water Commission in March 1953 (1788) -

““1. All sewage or sanitary wastes, before they are dis-
charged into the Hockanum River and its tribu-
taries, shall receive a degree of treatment equal to
that ordinarily expeeted from a well designed and
well operated plant including hlgh rate trickling
filters and chlorination.

2. AN industrial wastes, before they are discharged
into the Hockanum River and its tributaries, shall
receive a degree of treatment which will produce
an effluent having a quality falling within the
following standards:

a. pH between 6.5 and 8.5

b. Suspended solids not over 30 ppm..

c. Biochemical Oxygen Demand not over.30 ppm.

d. Color and turbidity shall not increase by more
than 5 ppm. the amount present in the reeeiv-
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ing stream sampled above any industrial waste
outlet.

e. Any water borne wastes containing substances
of a toxie, unusual, or peculiar character and
volume not speeifically covered by the above
items shall be subjeet to specific standards.”’

In 1961, the definition of ‘‘water’’ was considerably
expanded (45).

The Commission and the oil industry in the state en-
deavor, cooperatively, to control polution of surfaee
waters by gasoline, oils, and other petrolenm products
(1431).

DELAWARE

In 1949 the State of Delaware created a Water Pollu-

tion Commission with general power to supervise all laws
relating to poliution of the waters of the state. The State
Board of Health also exercises some functions relating to
the protection of public water supplies and the disposal
of wastes by public authorities and individuals (1790).
The Commission considers each instance individually,
specifying the improvements neeessary in terms of (1)
maximum acceptable amounts of important eonstituents,
(2) percentage reduction of significant pollutants, or
(3) the type or degree of treatment required (1791).

Although Delaware is a member of the Interstate
Commission on the Delaware River Basin and of the new
Delaware River Basin Compaet Commission, and the
former Commission has promulgated minimum standards
for the Delaware River within the state, no statewide
water-quality standards have been formulated and an-
nounced (47).

FLORIDA

The State Board of Health has the primary responsi-
bility for water-pollution control in Florida. The Board
has general control and supervision over all waters inso-
far as their pollution may affect the publie health or im-
pair the interest of the public or persons lawfully using
them (1794). No specifie water-quality standards or
classifications have been adopted. Florida has never at-
tempted siream classification because, with few excep-
tions, every stream would be classified for recreational
use regardless of its industrial lead (1795).

In the State Sanitary Code, the following general con-
ditions are declared to menace the health of persons,
fish, or livestock and therefore are unlawful (1754):

‘“‘(a) When raw sewage or incompletely treated sew-
age, or wastes deleterious to a drinking water or fo a
water treatment plant, are discharged into a stream or
body of water from which a publie water supply is de-
" rived.

““(b) When raw or incompletely treated sewage is

discharged into a water so as to canse an unsafe concen-
tration of bacteria from human exereta in waters where
shellfish are taken, or where there are bathing beaches
established and operating.

‘“(e) When sewage or wastes are discharged in such
concentrations as-to reduce the dissolved oxygen below
the natural oxygen balance.

‘“(d) When acids, alkalies, or other chemicals, or
deleterious substances are discharged into waters so as

to interfere with the biochemical functioning of the
stream or waters, or where snch wastes kill or interfere

with the normal development of fish or other foods de- -

rived from waters’’ (51).

In 1957, an amendment was made to the Sanitary
Code to provide for both temporary and permanent in-
junctive relief in the abatement of pollution (1775).

GEORGIA . '

On July 1, 1957, the ‘‘Georgia Water Quality Con-
trol Act’ went into effect. This Act gave the State
Board of Health extensive responsibility for controlling
the pollution -of the state’s waters. It also created a
‘“Water Quality Council”’ for the purpose of “‘making
recommendations to the Board regarding rules, regula-
tions, procedures, policies, standards, waste disposal cer-
tificates, and for the conduet of hearings in review of
orders or actions of the Board’’ (1780).

The Board is aunthorized ‘‘to establish such stand-
ards of quality for any waters in relation to the reason-
able and proper use thereof as it deems necessary, and
to establish such general policies and standards relating
to any existing or future pollution of such waters as it
deems necessary, and to modify, amend, or revoke any

~ such standards or policies so established.”’

No specific standards have been promnlgated (1789).
However, Section 6 of the Act states: _

““(a) It shall be unlawful for any person to discharge
or permit to be discharged into any of the waters of
this State any sewage, industrial wastes, or other wastes
which would adversely affect the health of the people of
the State or any segment of such people. through:

(1) The spread of contagious or infectious diseases;
(2) The dissemination of toxic or radioactive sub-
stances;

without having first provided treatment faeilities or
works for the treatment of such wastes approved as io .
methods of treatment, plans and specifications for the
construction of facilities or works, and/or operation
thereof, by the Board’” (1792).

““(b) It shall also be unlawful to use any waters of
the State for the disposal of sewage, industrial wastes, or
other wastes so as to render such waters unsuitable for
their then current uses except in sueh a manner as to
conform to and comply with all rules, regulations, cer-
tificates and orders established under the provisions of
this Act and applicable to the waters involved.

““{e) Ii shall also be unlawful for any person to erect,
construet, enlarge, extend, open, reopen, or operate any
public or community water supply system, including
storage, distribution, purifiecation treatment facilities or
works, without having first secured from the Board ap-
proval of: the source of water supply; the means and
methods of treating, purifying and storing water; plans
and specifications for the consiruction of facilities or
works; and the operation thereof,

“(d) Anything to the contrary notwithstanding,
nothing shall prohibit a person, firm or corporation from
discharging its sewage, industrial wastes or other wastes
into any non-navigable stream or other non-navigable
waters of this State, if
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(1) Such person, firm or corporation owns all the
lands immediately adjacent to such streams or waters
lying between the point of entry of such sewage, in-
dustrial wastes or other wastes into such streams or
waters and the point of its junction with other waters
lying adjacent to lands belonging to others if at such
point of junetion the quality of water does not ad-
versely affect the health of the people of the State as
defined in the preceding paragraph of this Section, or

(2) Such person, firm or corporation has aequired
an easement, either by express grant or prescription,
to discharge such sewage, industrial wastes, or other
wastes into such waters of this State provided that the
water of such stream at a point not more than 3 miles
from the point of entry of such sewage, industrial
wastes, or other wastes, and within Timits of said ease-
ment, does not adversely affect the health of the people
of the State as defined by the preceding paragraph of
Section 67 (1789).

HAWAI :

The State Department of Iealth exercises primary
control in the area of water pollution. Its activities in
this area are administered by the Division of Environ-
menial Health (1796). The Departinent of Land and
Natural Resources through the Director of the Division
of Fish and Game is authorized to enforce all laws re-
lating to the protection of fish and fishing within the
state. Also, the Harbors Division of the Department of
Transportation is authorized to make rules and regula-
tions to prevent the throwing into the waters of the state
of garbage or other substances liable to make such waters
unsightly, unhealthful, or unclean and to prevent the
escape of fuel or other oils into such waters either from
vessels, pipes, or storage tanks upon the land (1797).

* Water-quality standards are under consideration but

have not yet been adopted. The Department of Health

is anthorized to adopt and establish rules and regulations
and will adopt water-quality standards when deemed
necessary. Bach case at present is handled on its merits
{1798).

IDAHO

The State Board of Health, created in 1955, is the
ageney that has the primary function of controling
water pollution caused by sewage or sewage effluents
and any other pollution that may affect the public health.
Tt has authority to establish and enforce minimum sani-
tary standards (52, 1799). :

In addition to the regulations of the State Board of
Healih, there are certain types of pollution eontrol that
may be enforced by the State Fish and Game Depart-
ment, Also, wastes from dredge mining are controlled
by the State Land Department (52).

The State Board of Health has the power to admin- '

ister and enforce all state health laws and regulations

and to establish and enforce minimum saznitary stand-

ards for ‘‘the quality of water supplied to the public
and as to the quality of the effluent of sewerage systems,
sewage treatment plants, and discharges upon the land or
into the surface or ground waters” (1800).

On May 11, 1959, the State Board of Health adopted
regulations which sfate, in part:

¢1. All wastes discharged to waters of the state shall
be subjected to such treatment that they shall not
create a health hazard or nuisance and such
wastes shall not impair the guality or interfere,
either directly or indirectly, with the treatment
processes of any public water supply. Waters of
the state shall include surface waters and under-
ground waters. s
Minimum acceptable treatment for any waste
shall be equivalent to the removal of readily
settleable and floatable solids. Minimum {reat-
ment for waste containing domestic sewage shall
include removal of readily settleable and floatable
solids and effective disinfection.

2 The Department of Health shall adopt sewage
works design standards, water quality objectives,
and subsurface sewage disposal standards to be
used as a guide in determining adequacy of pro-
posed treatment and to be used as a guide in the
review of plans for proposed treatment facilities.
Plans for waste treatment aund sewage facilities
shall be submitted to the Department of Iealth
for review and approval before construction is
begun’’ (1801). :

In promulgating the above regulations, the Depart-
ment of Health adopted the standards previously de-
veloped by the Northwest Pollution Control Counecil as
described hereinafter (52).

ILLINOIS

The Sanitary Water Board has the authority to de-
velop a comprehensive plan for controlling water poilu-
tion in the state. Its authority, however, does not extend
over any sanitary district having a population of one
millicn or more.

The Department of Publie Ilealth exercises supervi-
ston over adequaey and quality of public water supplies.
The Department of Mines and Minerals has anthority
to make rules and regulations for the prevention of pol-
Taution of fresh-water supplies by oil, gas, or salt water
(1802).

The common-law water rights dectrine has been in-
terpreted in Illinois by the theories of natural flow and
reasonable use (1803). As a signator of the Ohio River
Valley Water - Sanitation Commission, the state sub-
seribes to the following requirements for effiuents dis-
charged to the Illinois, Ohio, Mississippi, and Wabash
Rivers:

““Industrial wastes shall be treated or otherwise modi-

fied prior to discharge so as to maintain the following
conditions in the receiving waters:

1. Freedom from anything that will settle to form
putrescent or otherwise objectionable sludge de-
posits which interfere with reasonable wafer uses.

2. Freedom from floating debris, scum and other fioat-
ing materials in amounts sufficient to. be unsightly
or deleterious. .

3. Freedom from materials producing eolor or odor in
‘such degree as to create a nuisance.
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4. Freedom from substances in concentrations or com-
binations whieh are toxic or harmful to human,
animal or aguatic life.

‘“These conditions to be maintained in the receiving
waters following the discharge of industrial-waste efffu-
ents, are basic or minimum requirements’’ (1804).

The questionnaire from IHinois indicated that the
above requirements apply equally to mnnicipal wastes
and also that ‘‘these are not standards nor rules and
regulations but upon decision ean be and would be em-
bodied in rules and regulations' (54).

1llinois is also a member of the Bi-State Development
Agency and the Great Lakes Commission.

INDIANA

Functions relating to the control of water pollution
in Indiana are primarily delegated to the Stream Pol-
lution Control Board. The functions of the State Board
of Health relate to public water supplies and sewage-
treatment works (1825).

Indiana law states that: - -

‘‘The Stream Pollution Control Board shall have jur-
isdiction to control and prevent pollution in the waters
of this State with any substance which is deleterious
to the public health or to the prosecution of any industry
or lawful occupation, or whereby any fish life or any
beneficial animal or vegetable life may be destroyed, or
the growih or propagation thereof prevented or injuri-
ously affected.

“‘The Stream Pollution Control Board shall have the
power to determine what qualities and properties of
water shall indicate a polluted condition of such water,
in any of the streams or waters of this State, that shall
be deleterious to the publie health or to the prosecution
of any industry or lawful oecupation for which or in
which any such waters may be lawfully used or em-
ployed, or whereby the carrying on of any agricultural,
florieultural or horticultural pursuit may be or shall be
injuriously affected, or whereby the lawful conduct of
any livestock industry, or the use of any such waters
for domestic animals may he prevented, injuriously af-
fected or impaired, or whereby any lawful use of any
such waters by the State of Indiana, or by any political
subdivision, corporation, muniecipal corporation, associ-
ation, partnership, person, or any other legal entity, may
be lessemed or impaired or materially interfered with,
or whereby any fish life or any beneficial animal or vege-
table life in said waters may be destroyed, the growth
or propagation thereof prevented or injuriously af-
fected’’ (1805).

The above law was broadened in 1957 to include
ground waters (1806).

Regulation SPC 1, promulgated by the Stream Pollu-
tion Control Board in accordance with the above laws in
1945, is still very much in effect:

“WHEREAS, the Stream Pollution Control Board of
the State of Indiana has the power under Section 7,
Chapter 214, Acts of 1943, to determine what qualities
and properties of water shall indicate a pollueted econdi-
tion of such water in any of the streams or waters of this
State, and

‘“WHEREAS, the Board recognizes the fact that the
character of all surface water is affected by the mode of
life of the people and the activities of industry, and that
both the people and industry are dependent on said sur-
face water to a greater or lesser extent, and

“WIHEREAS, it is recognized that concentrations of
population may exist on small streams where diluting
water is insufficient to maintain suitable concentrations
of oxygen by the use of known and reasonable methods
of waste treatment, and

“WHEREAS, there is a fair economic balance be-
tween cost of treatmeni of waste and benefits received
beyond which it is not reasenable to expend money for
treatment, and the cost of treatment and the benefits to
be derived must he considered in determining the extent
of eorrective treatment to be applied, and

‘““WHEREAS, natural purifying agencies in the
stream should be reasonably utilized, these agencies con-
sisting primarily of the biology of the stream which is
affected by the depth of the water, the velocity of the
current, ete., and

““WHEREAS, the necessary degree of purity of sur-
face waters depends on the subsequent use which varies
on different watersheds and at different points on the
same watershed, and

“WHEREAS, for the abovenamed reasons, each
stream presents a separate problem and standards may
need to be modified to fit specific cases, ;

“BE IT RESOLVED, that in general the following
regulations and standards shall be applieable to all re-
ceiving waters and any water which does not meet snch
standards and properties shall be deemed and considered
as in a polluted condition.

1. Floating matérial including grease and oil shall not
be discharged into any surface water in deleterious
amounts, or in amounts sufficient to affect injuri-
ously fish life, fur bearing or domestic animals, or
the general biology of the water, or plant life in or
in the vicinity of such water.

2. Waste which is discharged into any water shall con-
tain nothing which will deposit in a stream or a
lake to form putrescent or otherwise objectionable
gludge banks.

3. Waste which is discharged into any water shall con-
tain no materials in concentrations sufficiently high
to affect adversely public health, fish kife, fur bear-
ing or domestie animals, or plant life in or in the
vieinity of such water,

4. Generally the oxygen content of the receiving
water, after being mixed with and affected by the
waste, shall be no less than 50 per cent saturation.
A lower concentration will be tolerated temporarily,
but only so long as it is not injurious to aquatie life,
and in no case shall it fall below 25 per cent satura-
tion.

5. Receiving waters shall be considered unsuitable for
bathing if the coliform concentration exceeds 1000
per 100 ml. (MPN.) If the receiving water is used
as a source of water supply, a ecoliform density
greater than 5000 per 100 ml. (MPN.) shall not
exist at or in the vicinity of the-intake. Also in the




case of wastes, bearing or producing substances ob-
jeetionable from a taste or edor standpoint, which
are discharged into waters which are used as a
source of water supply such wastes shall be so
ireated as to render them unobjectionable before
discharge into the stream or lake’’ (1807).

Indiana is a member of the Ohio River Valley Water
Sanitation Commission and the Great Lakes Commission.

- IOWA

The State Department of Health is the agency that
has the primary responsibility for controlling water pol-
lution. The State Board of Health acts in an advisory
capacity to the State Department of Health.

The Iowa Natural Resources Council is authorized to
make plans and recommendations for the development,
protection, and preservation of the water resources of
the state. A permit must be obtained from the lowa
Natural Resonrces Council for the diversion of water or
any material from the surface directly into any under-
ground watercourse or basin (1808).

Water use in lowa was formerly eontrolled by ripar-
ian doetrine, but since the enactment of Chapter 435A
of the Code of Iowa, as amended in 1957, the principle
of reasonable use has been adopted {1809).

The Towa Stream and Lake Pollution Law states:

“The department is empowered to adopt and enforce
rules and regulations consistent with and not different
from the provisions of this chapter restricting the pollut-
ing eontent of any waste material and polluting sub-
stances discharged or sought to be discharged into any
of the waters of the state’” (1810).

No rules and regulations have been published but the
polluting content discharged or sought to be discharged
is controlied by orders requiring abatement of existing
pollution and the issuing of permits for new sewage and
waste outlets. The polluting content is restricted in ae-
cordance with downstream water uses and the publie
bealth aspeets. '

Towa has nonofficial affiliations with:

1. Great Lakes - Upper Mississippi River Board of
State Sanitary Engineers '

2. Joint Resolution of Illinois, Wisconsin, and Iowa
Water Polluiion Control Ageneies for Control of
Pollution of Mississippi River

3. Missouri River Basin Engineering Health Council

4. Five State Agreement of South Dakota, Nebraska,
Towa, Missouri, and Kansas Water Pollution Con-
trol Agencies for Control of Pollution of Missourt
River’ (56).

KANSAS

The State Board of Health has the responsibility of
controlling water pollution. The Board is authorized to
make rules and regulations necessary for the protection
of the surface and subsarface water from pollution by
oil, gas, salt water injection wells, or underground stor-
age reservoirs, and to govern the dispesal of domestie,
industrial, and sewage wastes by municipalities, eor-
porations, companies, or individuals (1775).
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““The water-pollution control program of the Kansas
State Board of Health stems primarily from a system
of continuous state-wide surveillance of stream, oil field
waste disposal methods, and waste treatment plant con-
ditions by field personnel; and by the use of & permit
system for new waste sources. Since permits are required
for the discharge of wastes into the waters of the state,
new sources of water pollution are largely controlled
prior to their origination. These policies pertain to both
municipal and industrial waste sources’ (1811).

In certain river basins where pollution problems have
been widespread, overall basin studies have been con-
duected which have resulted in the adoption of basin-wide
pollution abatement policies. The State Board of Health
has adopted the following policy, applicable to both SEW-
age and industrial wastes:

“Throughout the Arkansas River basin below Great
Bend—including the major tributaries, Cow Creek and
the Little Arkansas River, but not including the Ninne-
seah and Walnut rivers and Rattlesnake, Slate and Wal-
nut ereeks or the streams which join the Arkansas River
in Oklahoma.

A, At minimum stream flows the biochemical oxygen
demand exerted on any section of the stream shall
not reduee the dissolved oxygem content below 4
ppm.

B. Treatment practice will be aimed at reducing the
coliform concentration in the streams to less than
20,000 organisms per 100 milliliters.

C. In addition to item A, industrial wastes should be
substantially free of toxie substances, including
metallie ions, phenolic eompounds, chemieal or im-
mediate oxygen demand, oils, alkalies, and acids,
before they are discharged to a watercourse.

D. Primary treatment of sewage and industrial wastes

" js the minimum degree of treatment which will be
acceptable. Additional treatment will be necessary
in many instances to maintain water quality in the
streams as indicated under items A, B and C.

E. Oil storage facilities so located that a tank failure
or surface runoff from the area could quickly con-
taminate a watercourse shall be surrounded by an
earthen dike providing a ecapacity equal to the
storage tank contents plus a freeboard of 1.5 feet.

F. All brine shall be disposed of in such a way that
fresh water is not polluted.

G. AR industrial wastes diseharged to municipal sew-
erage systems shall be pretreated to an extent
which will assure that the wastes will not adversely
affect the sewage treatment process.

““TThe pollution abatement policy is uniform in its
intent that all polluters begin planning immediately and
that they start eonstruction of waste treatment works or
disposal facilities quickly. Because the Little Arkansas
River is a potential souree of public water supply and
is used for recreational purposes the early elimination
of bacterial pollution is essential. Chemical and -other
types of pollution of the.Little Arkansas River are
equally important but because of their amount and eom-~
plexity more time must be allowed for planning - and
construeting the necessary facilities” (1811}).
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The criteria established for the Kansas River Basin
in 1950 continues in effect:

““The Kansas State Board of Health, after giving
careful consideration to the data collected and its re-
sponsibilities is adopting the following policy which is
believed to be in the best public interest. This policy
will apply to sewage and industrial, organic or inorganie
pollution throughout the Kansas River Basin.

1. That at minimum stream flows the biochemieal
oxygen demand exerted on any one section of a stream
shall not reduce the dissolved oxygen content below 5
parts per million.

2. That at minimum stream flows the goal for coliform
bacteria is 20,000 organisms or less per 100 milliliters
(this guality should not be confused with the number
of coliform organisms present during heavy runoff, since
at such a time they may be primarily soil organisms not
indieative of sewage pollution).

3. That the primary treatment of sewage is the mini-
mum amount which will be aeeeptable.

4. Where oil pollution is concerned, all above-ground
oil storage tanks shall be surrounded by an earth dike
with a capacity equal to the contents of the tank plus a
free board of 1.5 feet.

5. All brine ponds and waste oil ponds shall be op-
erated in such a manner that 2.5 feet is provided above
the maximum brine level.

6. That no brines from any field in the river basin

-shall eontinue to be stored in ponds, or discharged di-
rectly or through seepage to a fresh water course, either
sarface or subsurface, after July 1, 1951, which date has
previously been set by the Kansas State Board of Health.
However, in no ease will there be any deviations from
the policy in such matters, as outlined in the Board’s
letter dated February 15, 195077 (62, 1811).

Quality standards have also been adopted for radio- -

nueclides in water. These Basie Standards utilize the Rec-
ommendations of the National Committee on Radiation
Protection and Measurements as published in Handhooks
of the National Bureau of Standards as guides or as
bases for calculations. Section 28-85-11, ““*Maximum
Permissable Dose and Concentrations’’ as well as the
specific isotopes, are quoted in Appendix B (1812).

KENTUCKY

The Water Pollution Control Commission is charged
with the responsibility for developing a comprehensive
program for the prevention, eontrol, and abatement of
water pollution throughout the Commonwealth. The
Commission is contained within the Department of
Health. The Commission is authorized to establish or
modify, after public hearing, water-quality standards
for the waters of the Commonwealth according to their
uses (1813).

Water-quality standards have not yet been adopted.
Kentucky is a member of the Ohio River Valley Water
Sanitation Commission.

LOUISIANA

The Stream Control Commission has the primary
funetion of controlling water pollution. It also estab-
lishes pollution standards for the waters of the sfate,

and controls all waste disposal into such waters. The
State Board of Health exercises jurisdiction over the
water supplies of the state. The Department of Conser-
vation is responsible for the protection of fresh-water
sands from pollution by oil-well drilling and production
wastes (1814}, and the Commissioner of Wildlife and
Fisheries supervises the drainage of all salt water and
other noxious substances into natural streams.
- No one may discharge into state waters any pollution
of any kind that will tend to destroy fish, other aguatic
life, wild or domestic animals or fowls, or be injurions
to the public health or against the public welfare in
viclation of any rule, order, or regulation of the Com-
mission (1815).

The Commission promulgated the following criteria
on 1 September 1955 with respeet to the discharge of
sugar-mill wastes: -

““I. No aeid, acid water, alkali water, mill washdown

water, effects condensate, filter press mud or
. liquid from filter press mud shall be discharged

into state waters or drains or pipes leading to

state waters during the grinding season.

““II. No wastes impounded during the grinding sea-
son will be discharged until stabilization has
taken place, until the biochemical oxygen de-
mand has been satisfied, and then only into
water volunmes capable of assimilating such
waste waters. _

““IIL. That all cane wash water shall be impounded
for a period of not less than thirty days prior
to discharge.

““IV. That all cane wash water impoundments be com-
partmented so that the first compartment shall
aet as a settling basin. The design of the im-
poundments shall be approved in writing by the
Stream Control Commission.

““V. That, except in cases where specifie orders appli-
cable to individual mills have been issued, that
condensor water, that water used in barometric
condensors, can be discharged into state waters
provided first that not more than fifty parts per
million of 5 day, twenty degree centigrade bio-
chemical oxygen demand is added to the waters
while being pumped through the eondensors,
and second that the condensor water not cause
a serious oxygen depletion fo take place in the
Teceiving stream’” (1817).

. Correspondence with T.ouisiana indicates no change
in the exercise of water-pollution-control administration
within the state since 1953 (65). In 1955, O’Neill stated
that the 1954 revision of the Liouisiana State Sanitary
Code contains no quantitative requirements, thereby giv-
ing the State Board of Health some degree of flexibility
in the application of requirements (1818). In 1959, a
court ruled againsi the state because the statute (in
question) only generally characterized or denounced the
offense for which the defendant was being proseeuted.
And in 1960, the Commission attemped to have new legis-
Iation passed, but it failed (65).




Louisiana has a Waterworks Warning Network on the
TLiower Mississippi River to notify waterworks operators
of spills of industrial waste.

MAINE

The Water Improvement Commission became, in 1955,
the agency exercising primary control of water poliution
(67). The Revised Statutes state:

‘Tt ghall be the duty of the Commission te study, in-
vestigate, axid from time to time recommend to the per-
sons responsible for the conditions, ways and means, s0
far as practicable and consistent with the publie interest,
of controlling the pollution of the rivers, waters and
coastal flats of the state by the deposit therein or thereon
of municipal sewage, industrial waste and other snb-
stances and materials insofar as the same are detrimental
to the public health or to animal, fish or aquatic life, or
to the practicable and beneficial use of said rivers, waters
and coastal flats. The Commission shall make recommen-
dations to each subsequent legislature with respect to the
classification of the rivers, waters and coastal flats and
sections thereof within the state, based upon reasonable
standards of quality and use.

“The Commission shall make recommendations to each
legislature with respect to abatement of pollution of
the rivers, waters and coastal flats and sections thereof
within the State for the purpose of raising the classifica-
tions thereof to the highest possible classification so far
as economically feasible; such recommendations to relate
to methods, costs and the setting of time limits for com-
pliance, _ :

““The Commission shall have 4 standards for the classi-
fication of surface waters and tidal flats.

“¢(Mass A shall be the highest classifieation and shall
be of such quality that it ean be used for bathing and
for public water supplies after disinfection, and the
dissolved oxygen content of such waters shall not be less
than 75% saturation and contain pot more than 100
coliform bacteria per 100 millititers.

““‘There shall be no discharge of sewage or other wastes
into water of this classification and no deposits of such
material on the banks of such waters in such a manner
that transfer of the material into the waters is likely.
Such waters may be used for log driving or other ecom-
merecial purposes which will not lower its classifieation.

¢¢(Class B, the second highest classification, shall be di-
vided into two designated groups as B-1 and B-2.

“B.1. Waters of this class shall be considered the
higher quality of the Class B group and shall be accept-
able for recreational purposes and after adequate treat-
ment for use as a potable water supply. The dissolved
oxygen of such waters shall be not less than 75% of
saturation and contain no more than 300 coliform baec-
teria per 100 milliliters.

“‘There shall be no disposal of sewage or industrial
wastes in such waters exeept those which have received
adequate treatment to prevent lowering of the standards
for this classification, nor shall sueh disposal of sewage
or waste be injurious to aguatie life or render such dan-
gerous for human consumption.

“B.2. Waters of this class shall be acceptable for
recreational boating, fishing, industrial and potable
water supplies after adequate treatment. The dissolved
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oxygen of such waters shall not be less than 60% of satu-
ration and contain no more than 1,000 celiform bacteria
per 100 milliliters. .

“‘There shall be no disposal of sewage or industrial
waste in such waters to lower its classification nor shall
such disposal of sewage or waste be injurious to agmatie
life or dangerous for human consumption. 7

““Class C, the third highest classification, shall be of
such a quality as to be satisfactory for recreational boat-
ing, fishing and otheér uses except potable waier sup-
plies and swimming, nunless adequately treated to meet
standards.

‘“Waters of this classification shall be free from scums,
slicks, odors and objectionable floating solids, and shall
be free from chemicals and other conditions inimieal to
aquatic life. The dissolved oxygen content of such waters
shall not be less than 5 parts per million for tront and
salmon waters and not less than 4 parts per million for
non-trout and non-salmon waters.

““The Commission may take such action as may be
appropriate for the best interests of the public when it
finds that a *“*C’? classifieation is temporarily lowered
due to abnormal conditions of temperature and stream
flow for that season involved. :

“(llass D waters, the lowest classification, shall be
‘considered as primarily devoted to the transportation of
sewage and industrial wastes without causing a public
nuisance as defined in Chapter 141, Section 6, by the
creation of odor producing sludge banks and deposits
or other nuisanece condition and such waters shall con-
tain dissolved oxygen at all times. During a period of
temporary reduection in the dissolved oxygen content in
this class water, due to abnormal conditions of tempera-
ture of stream flow for the particular season involved,
the Commission, provided a nuisanee condition has not
been created in such water and in the opinion of the
Commission is not likely to be created during such sea-
son, shall take no action to reduce the amount of pollu-
tion from any souree which is allowed in such class water
under normal conditions.

‘“With respect to ‘‘C”’ and ‘D'’ classifieations, the
number of coliform bacteria, or amounts of toxic wastes
or chemicals discharged into said waters shall be only
those amounts which will not, in the determination of
the Commission, be harmful to the publie health’”

- (1819).

The Department of Health and Welfare and the Pub-
lic Utilities Commission also have functions in water-
pollution control relating primarily to water supply and
to sewage disposal affecting water supplies (1820).

Maine is 2 member of the New England Interstate
Water Pollution Control Commission and has informal
working arrangements with the Province of New Bruns-
wick.

MARYLAND

Both the Maryland Water Pollution Control Commis-
sion and the State Board of Health have functions re-
lating to the abatement of water poltution. The Commis-
sion is anthorized to recommend standards for sewage
or waste effluents discharged into waters of the state and
to establish such reasomable water-quality standards or
criteria, keeping in' mind the public use to which they
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are or may be put. The Board has general supervision
and control over waters insofar as their sanitary and
physical condition affect the public health or ecomfort
(1821, 1822). :

The Commission requires that its Regulation IV apply
to all industries:

**No industrial wastes shall be placed or permitted
to be placed or discharged or permitted to flow into
any of the waters of the State in any manner by any
person unless the industrial wastes after treatment or
untreated shall meet with the nine industrial waste
requirements established by the Water Pollution Con-
trol Commission before being discharged into any
waters of the State. These nine industrial waste re-
quirements are as follows:

1. Solids :

A. Solids in the efluent-——Must not exceed parti-
cle size than ean pass Tyler designation 20
mesh sereen. Grinding, maceration or any
other waste treatment or handling operation
intended to reduce the size of oversize solids
in the effluent to pass Tyler designation 20
mesh sereen, will not be permitted or ap-
proved.

B. Total suspended solids—Must not exceed 400
ppm. ,

C. Dissolved solids—Must not exceed 1500 ppm.

D. Total solids—Must not exceed 1900 ppm.

2. Turbidity-—Must transmit 10% of light through
12 inches of sample in a 3 inch column or not to
exceed 300 ppm, as determined by the Jackson
eandle turbidimeter. :

3. Biochemical Oxygen Demand :

A. The Biochemical Oxygen Demand—The 5 day,
20° C. Biochemieal Oxygen Demand in the
effluent must not exceed 100 ppm.

or

B. The Dissolved Oxygen in the waste receiving
waters must not be depleted beyond 50% of
normal saturation.

4. Toxicity or toxie ecompounds—Elminate, or re-
duee to limits of tolerance, substances toxie to
bumans, livestock, fish, aguatic and wildlife.

9. Color—Color intensity regardless of light fre-
guency must not exeeed 400 ppm. on the chloro-
platinate scale. '

6. pH—DMust not range below 5.5 or above 8.5.

7. Temperature—Must be below 100°F. in the
stream within 50 feet from waste outlet.

8. Oils and grease in the effuent—Must not exceed
30 ppm.

9. Taste and odor— Effluent must not exceed thresh-
0ld odor number of 1000. Mixture of the waste
and receiving waters shail have a threshold odor
number not in excess of 8§0.

““These nine industrial waste requirements are gen-
erally applicable values but are not absolutely fixed

values. They can be made more stringent if a survey
of the waste receiving waters indicates they are still
polluted or are continuing to be degraded, or in any
instance where the Water Pollution Control Commis-
sion, after due study and deliberation, deems that
more stringent requirements are necessary. They can
be made more liberal only by formal action of the
Commission on the basis of satisfactory evidence and
proof that waste receiving waters are sufficient in
quantity and quality to not be affected adversely by
a particular industrial waste effluent having values
in excess of those stated above’’ (1822).

In the Baltimore Harbor Area, the Commission has
adopted the following Regulation (IV-A) and standard
of guality: :

“A—Receiving Water Quality Standards
Item: Specification:

1. Floating solids, settleable None which are readily visible
solids, sludge deposits and attributable to industrial
wastes or other wastes or

which deleteriously increase

the amounts of these comsti-

tuents in the receiving waters.

2. pH Must not range below 55 or
above 8.5, -

3. Toxie wastes, oil, delete- None alone or in combjination

rious substances, colored with other =substances or

wastes in suificient amounts to
prevent survival of fish or
aquatic life, to damage ma- -
rine structures, create a nuis-
ance and/or impair the use of
these waters for industrial
water supply and ravigation.

wastes and other wastes

The guality of any waters re-
ceiving industrial wastes or
other wastes shall be sueh that
Bo impairment of the best
‘usage of witers in any area
bordering but outside the
designated Baltimore Harhor
Area shall occur by reason of
sneh discharge of industrial
wastes or other wastes.

“B—-Desirable Effluent Characteristics

1. Solids not to exceed particle size that can pass Tyler designation
20 mesh sereen. Grinding, maceration or any other waste treat-
ment ‘or handling operation intended to reduee the size of over-
size solids to pass Tyler designation 20 mesh screen not to he
nsed.

2. Total suspended solids not to exceed 400 ppm.

8. Toxicity or compounds toxie to fish, aguatic sndAwild.Iife to be
eliminated or reduced to limits of tolerance.

4. pH not to range below 5.0 or above 9.9,
5. Oils and greases-pot to exceed 30 ppm” (1822),

On July 1, 1961, the Maryland Department of Health
(concurred in by the Water Pollution Control Comimnis-
sion) established restrictions upon the disposal of com-
mereial Jaundry wastes containing detergents. The re-
quirements for treatment of these waste waters:

‘1. No wastes shall be discharged or permitted to flow
into the waters of the state in any manner unless
the effluent characteristics meet the requirements
of the Water Pollution Control Commisgion’s
Regulation IV,

4. Water quality in waters
bordering the Baltimore
Harbor Area
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<49 The treated wastes must be sufficiently free of
foam.producing materials or chemicals, and the
physical appearance must be such, so as not to pro-
duce a nuisance in the receiving waters.

¢¢3 . Permission will not be granted for the discharge
of treated or untreated wastes into subsurfaee
drainage or disposal systems. No new subsurface
disposal system shall be permitted, and no existing
subsurface systems shall be extended, or connected
thereto, for this purpose.

‘4 Permission will not be granted for the discharge
of untreated wastes inte a municipal sanitary
sewerage system where there is no sanitary sewage
treatment or where the degree of treatment is in-
sufficient to properly treai snch wastes’ (1823).

Maryland is a merber of the Interstate Commission on
the Potomac River Basin and the Washington Metropoli-
tan Regional Sanitary Board.

MASSACHUSETTS

The Water Pollution Control Agency for the Common-
wealth of Massachuseiis is the Department of Publie
Health (1824). Rules and regulations have been adopted
by the Department which prohibit the disecharge of sew-
age and wastes, except under conditions and with treat-
ment for which approval is required. As a member of the
New Fngland Interstate Water Pollution Control Com-
mission, Massachusetts has adopted a program for the
classifieation of its interstate streams using the classi-
fieations and standards of quality for interstate waters
as adopted by the New England Interstate Water Pollu-
tion Control Commission.

The Department of Public Health has adopted rules
and regulations with respect to the protection of surface
water supplies. However, such rules and regulations do
not apply to the Connecticut River, the Merrimack River,
the Concord River, the Ipswich River, or the Saugus
‘River {73).

MICHIGAN

The Water Resources Commission and the State De-
partments of Health, Conservation, Agriculture, and
Highways, whose heads constitute four of the seven
members of the Commission, exercise their separately
authorized eontrols of water pollution coordinated where
pertinent with activity of the Commission. None of this
eontrol takes place, however, under established state-
wide water-quality standards.

Section 6 of the Commission Act establishes, in effeet,
water-quality criteria for the state in declaring unlaw-
ful the discharge into its waters of ‘‘any substance which
is injurious to the publie health or to the condueting of
any industrial enterprise or other lawful occupation; or
whereby any fish or migratory bird life or any wild
animal or aquatie life may be destroyed or the growth
or propagation thereof be prevented or Injuriously
affected or the value of lawfully taken fish or game be
destroyed or impaired as the eonsequence of said pollu-
tion.”’ -

Boundary waters between the U.S. and Canada (St
Marys, St. Clair and Detroit Rivers, and Lake St. Clair)

are subject to objectives for quality control adopted by
the International Joint Commission in October 1950.
Many Commission orders have been adopted setting
effluent restrictions and eonditions controlling individual
uses so desizned as to prevent unlawful pollution as

above defined.
Michigan is a member of the Great Lakes Commission

(75).

MINNESOTA

The primary function for controlling water pollution
rests with the Water Pollution Control Commission. The
State Board of Health exercises functions relating to
water-pollution control insofar as public health and
water supply used for domestic purposes are concerned
(1826), :

The Commission is empowered to make such classifica-
tion of waters as it deems advisable, and to establish and
alter such reasonable pollution standards for any waters
of the state in relation to the public use to which they
are or may be put (1827).

The Water Pollution Confrol Commission has not
established any general pollution standards or made any
broad classifications of the waters of the state. Recent
legislation has been provided for the ereation of sanitary
districts (77). Minnesota is a member of the Gireat Lakes
Commission and the Tri-State Water Commission.

MISSISSIFPI

. The control of water pollution created by mumieipal
and industrial wastes is the responsibility of the Game
and Fish Commission, but control of the contamination
caused by domestic sewage is the responsibility of the

‘State Board of Health (79). The State Board of Health

has been designated as the official Water Pollution Con-

trol Agency of the state.

The State Qil and Cas Board is authorized to make
rules and regulations for the prevention of pollution of
fresh water supplies by oil, gas, or salt water. The State
Game and Fish Commisson is empowered to set effluent

- gtandards, but does not have jurisdiction over lakes or

other waters that are wholly land-locked and privately
owned or the Mississippi River or its tributaries (1828).
The Commission has adopted the following standards
(9) - '
¢4 The degree of treatment of industrial wastes or
sewage required shall be based upon the chemical and
biological condition of the receiving waters. The mini-
mum standards required im the receiving waters one
thousand feet {1000°) below the industrial waste out-
fall shall be: ‘ :

a. There shall be no noticeable floating solids, seum,
oil, grease or sleek.

b. The degree of acidity and the degree of alkalinity
ag expressed by pH values shall average in the
range of 6.5 to 8.4; and any single sample shall not
be below pH 5.0 or above pH 9.5, during the pre-
seribed sampling period. :

.c. The increased salt concentration shall mot exeeed
one thousand (1000) parts per million of sodium
chloride. o .

d. The industrial waste after dispersion in the receiv-
ing waters, or niot-more than one thousand (1000)




44 WATER QUALITY CRITERIA

feet below or above the point of discharge, shall
not reduce the dissolved oxygen in the receiving
waters below an average of 4.5 parts per million,
and no sample taken from the receiving water at
the point designated shall contain less than 2.5
parts per million dissolved oxygen during the pre-
scribed sampling period.

e. No poisons or deleterious substances shall be pres-
ent in sufficient quantities 10 cause injury or death
to fish or wildlife. :

f. No substances shall be present which may cause
distinet foreign tastes in fish. Sampling place and
sampling—The sampling place shall be chosen
after the waste has been dispersed in the receiving
waters and noft more than one thousand (1000)

feet below or above the waste or sewage outfall

Samples shall be eollected over a minimnm period
of four (4) hours; the samples shall be taken ap-
proximately every thirty (30) minutes, or a mini-
mum total of eight (8) samples. The samples eol-
lected in a stream shall be taken normally in
mid-channel at mid-depth, or in such a manner as
to obtain samples representing {he average con-
ditions of the stream,”’

MISSOUR!

The 1957 Legislature enacted 2 new water-pollution
law for the state and placed its administration in a
newly created Water Pollution Board within the Divi-
sion of Health of the Department of Public Health and
Welfare. The Board is empowered to establish and re-
vise standards of water purity that specify the maxi-
mum degree of pollution permissible in acecordance with
publie interest in water supply, the eonservation of fish,
game, and aquatic life, and agricultural, industrial and
recreational uses (1829).

The Missouri Water Pollution Board has not set
standards, but has adopted water guality objectives for
the Missouri, Mississippi, and Blne Rivers (81). These
objectives are deseribed in Appendix C. Missouri is a
member of the Bi-State Development Agency.

MONTANA -

The 1955 Legislature enacted a comprehensive water-
pollution law and ereated a Water Pollution Council
with responsibility for overall policy. The responsibility
for administering the Aect is placed in the State Board
of Health. The Board may modify the policy only when
public hkealth is involved (1830, 1831).

The Council is authorized and directed “‘to. formu-
late standards of water purity and classification of
water according to the most beneficial uses of such
water’’ (1832). Accordingly, the Couneil has adopted
the water-quality objeetives shown in Table 3-1.

NEBRASKA

The 1957 Legislature passed a new Water Pollution
Control Act which was amended in 1961. The Act pro-
vided a Water Pollution Control Couneil within the De-
partment of Health. This Council is authorized to
develop effluent standards and standards of water gunal-

ity, and also to classify the waters of the state (1833,

83). )

As of January 1962, a committee was in the process
of preparing water-quality standards to be used in ae-
complishing the following water-quality objectives.

" These objectives were adopted by the Counneil 1o be used

as a guide in all future work relating to the disposal of
wastes into Nebraska waters:

‘1, Toxie substances ineluding metallic jons, phenolie
eompounds, oils, alkalies, and aecids should be
virtually eliminated from sewage efflments.

**2. Removal of settleable and floating solids to pre-
vent sludge banks, floating materials, and numi-
sance eonditions should be required as the min-
imum acceptable treatrment.

‘3. For industrial wastes similar in nature to muniei-
pal wastes, treatment should *be based on the
same premise as recommended for municipalities.
For industrial wastes not comparable to munici-
pal wastes, treatment should be provided as
neeessary to prevent deterioration of water qual-
ity for beneficial uses in the receiving stream.

‘4, Additienal treatment over that specified in item
2 above should be provided as necessary to pro-
teet downstream water uses. Quality objeetives
for certain water uses are:

(a) For water serving as a source of domestie
supply, raw water bhaecteriological quality
should conform to that recommended in
‘Manual of Recommended Water Sanitation
Praetiees, 1946, Public Health Service Bul-
letin No. 296, pages 11-13.

(b) For bathing or swimming waters, monthly
arithmetical average ‘most probable number’
of coliform organisms should not exceed
1,000 per 100 ml during any month of the
recreation season ; nor exceed this number in
more than 20 percent of the samples ex-
amined during any such month; nor exceed
2,400 per 100 m] on any day. For non-bath-
ing or non-swimming waters, the monthly
arithmetical average ‘most probable number’
of coliform organisms should. not exceed
5,000 per 100 ml in any month of the recrea-
tional season, nor should exeeed this number
in more than 20 percent of the samples ex-
amined during any such month.

{e) For fish and agquatie life a minimum oxygen
eoncentration of 50 ppm. is desirable in
waters otherwise offering suitable fishery
habitat, with 6.0 ppm. for trout streams.

(@) For bacteriological quality of irrigation
water:

(1) Sewage used for irrigation of forage
erops should be given treatment insur-
ing a consistent reduetion in coliform
bacteria of not less than 90 percent. |

(2) Sewage used for irrigation of human
food erops should be given treatment in-
suring a consistent reduction (a) in sus-
pended solids of not less than 75%,
{b) 1n 5 day 20°C. B.G.D. of not less
than 75% and (c¢) in eoliform bacteria
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46 ' WATER QUALITY CRITERIA

of not less than 98 percent, unless dis-
charged into a stream where the volume
-of dilution water, available during the
Tow flow periods during which irrigation
diversions may oceur, is at least 10
times greater than the anticipated max-
imum daily volume of sewage, in which
case a bacterial reduction of 90 percent
may be aceeptable.

- Provided, however, that where the time of passage
from plant discharge to irrigation diversion is such as to
permit the normal death rate of bacteria as evidenced
by the die-away curve to provide equivalent bacterial re-
duction, the requirements of (1) and (2) above may be
appropriately modified”’ (83).

Nebraska is a member of the Missouri Basin Engineer-
ing Health Council,

NEVADA

The State Board of Health has the primary funetion
of controlling water pollution. Legislation enacted in
1957 and amended in 1959 authorizes the Division of
Public Health Engineering, under the direction and
~supervision of the Board, to develop a system of classi-
fication of the waters of the state (1834, 1835, 1836).

No standards or.classifications have been promulgated,
as yet.

NEW HAMPSHIRE

Both the Water Pollution Commission, established in

1947, and the State Board of Health have funetions re-
lating to the control of water pollution (1837). Surface
waters of the state are classified by the Legislature. The
Water ‘Pollution Commission has the duty of enforee-
ment of sueh classification. Control of pollution of un-
classified surface waters is accomplished by a permit
system administered by the Commission (87).
Waters are to be classified as follows:

“I. Class A waters shall be of the highest quality
and shall contain not more than fifty coliform
bacteria per one hundred milliliters. There shall
be no discharge of any sewage or waste into
waters of this classification. The waters of this
classification shall be eonsidered as being poten-
tially aecceptable for water supply wuses after
disinfection.

“II. Class-B waters shall be of the second highest
quality and shall be divided into two parts as
follows:

{a) Class B-1 waters shall have no objectionable
' physical characteristies, shall be near sat-
uration for dissolved oxygen, and shall
contain not more than two hundred forty
eoliform bacteria per one hundred milli-
Hters. There shall be no disposal of sewage

or industrial waste into said waters exeept
those which have received adequate treat-
ment to prevent the lowering of the physi-

eal, chemical or bacteriological eharacteris-
tics below those given above, nor shall such
disposal of sewage or waste be inimieal to
fish hife or to the maintenance of fish life

in said reeeiving waters. The waters of this
classification shail be considered as being
acceptable for bathing and other recrea-
tional purposes and, after adequate ireat-
ment, for use as water supplies.

(b) Class B-2 waters shall have no objectionable
-physieal characteristies, shall be near satu-
ration for dissolved oxygen, and shall con-
tain mot more than one thousand ecoliform
bacteria per one hundred milliliters. The
waters of this classification shall be consid-
ered as being aceeptable for recreational
boating, fishing and for industrial purpoeses,

- and, after adequate treatment, for use as
water supplies.

“IIT. Class C waters shall be of the third highest
quality and shall be free from slick, odors, and
surface-floating solids of unreasonable kind or
quantity, shall contain not less than five parts
per million of dissolved oxygen; shall have a
hydrogen ion econcentration within the range of
pH 5.0 to 8.5; and shall be free from chemieals
and other materials and conditions inimical to
fish life or the maintenance of fish life. The
waters of this classification shall he considered
as being aeceptable for recreational boating,
fishing or for industrial water supply uses either
with or without treatment depending upon indi-
vidual requirements.

“IV. Class D waters shall be of the lowest classifiea-
tion and shall be free from slick, odors and
surface-floating solids of unreasonable kind,
quantity or duration, taking into consideration
the necessities of the industries involved, and
shall contain dissolved oxygen at all times. The
waters of this classification shall be eonsidered
as being devoted primarily to the transportation
of sewage or industrial wastes, or both, without
nuisance.

““V. All tests and samplings for the purposes of
examination of waters shall be performed and
carried out in a reasonable manner and when-
ever practicable, in accordance with the current

“edition of the Standard Methods for the Ex-
amination of Water and Sewage as published
jointly by the Ameriecan Public Health Associ-
ation and the American Water Works Associa-
tion. Near saturation for dissolved oxygen shall
mean a dissolved oxygen content of at least
seventy-five percentum of saturation. The waters
in each classification shall satisfy all the provi-
sions of all lower classifieations.

“VI, Nothing contained herein shall be construed to
prohibit, under such terms and conditions as
the eommission may direct, the use of rotenone
or similar compounds by the fish and game
department in the conduct of its program to
reclaim the public waters of the state for game
fishing”’ (1838).

After adoption of a classification by the Legislature,
the Commission may on its own motion or on petition




of not less than 100 inhabitants of the county or .counties
in which such water in question is sitnated, reinvestigate
the conditions of pollution and make recommendations
to the Legislature for reclassification. Persons aggrieved
by the classification adopted by the Legislature may
petition the Superior Court of the county in which the
pollution is ceeurring for a variance in the classification
as applied to his specific case.

The State Board of Health is authorized to establish
such regnlations as it deems necessary for the protection
from contamination of public water or ice supplies
{1837). Recent legislation (1961) has not been eoncerned
with standards or classifications (87).

New Hampshire is a member of the New England
Interstate Water Pollution Control Commission,

NEW JERSEY

The State Department of Health is the legally con-
stituted water pollution control agency of the state. It is
anthorized, among other things, to issue orders to abate
legal violations and to make and enforce rules and regu-
lations eoncerning the design and operation of all publie
water supplies, and of sewerage systems and disposal
plants for treatment of wastes discharged into any of
the waters of the state (1796).

Efffuent or stream specifications, especially the former,
are used in New Jersey as guides. They are not law and
not intended to be law, and are primarily adminisirative
tools (1749). Effinent specifications are patterned to
meet the needs in each valley or stream situation. A typ-
ical effluent specification on an inland stream is as fol-
lows (89):

¢¢]1. The efluent shall contain no free acidity; that is,

all titratable acidity shall be neutralized.

2. The effluent shall be free of noticeable floating

solids, seum, oil, grease, or sleek.

‘“3. The effluent shall be sufficiently free of color or
turbidity, or both, so that after dispersion in the

receiving waters, or not more than one thousand

(1,000} feet above or below the point of effluent
discharge, it will not noticeably discolor or add
to the turbidity of the recelving waters.

‘4. The effluent shall be free of caustic alkahmty or
other toxic or deleterious substances.

‘“5. The efffuent shall be free of offensive odors.

‘6. The effluent shall have a biochemieal oxygen de-
- mand not exceeding in the average over any four
(4) hour period of a day thirty (30) parts per
million and not exceeding at any time forty (40)
parts per million.
¢¢7. The effluent shall contain a chlorine residual of at
least one (1.0) part per million at all times.””

An example of an effluent standard as applied to an
Industry discharging into a tributary of the Rockaway
River Which supplies the Boonton Reservoir is as fol-
lows : . The pH . . . shall he between 5.0 and 8.5, .

free of phenol and phenol like substaneces, and must be .
free of toxie or deleterious substances and in particular
eyanides, eyanates, trivalent chromium and hexavalent
chromium. Chemieal substances must not exceed the fol-
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lowing eoncentration in parts per million: sodium, 285;
chloride, 210; fluoride, trace; sulfate, 85; and nitrate,
45°" (1839).

New Jersey is a member of the Interstate Commission
on the Delaware River Basin, the Inferstate Sanitation
Commission, a.nd the new Delaware River Basin Commis-
sion.

NEW MEXICO

The State Board of Publie Health has the primary
funetion of controlling water pollution. It establishes
policies, rules, and regulations for the New Mexico De-
partment of Publie Health. The Qil Conservation Com-
mission is authorized to make rules and regulations for
the prevention of pollution by wastes from oil and gas
wells. The Department of Game and Fish is authorized
to protect game, fish, and spawning waters (1840). In
addition, the Plumbing Administrative Board, Office of
the State Engineer, and the Interstate Stream Commis-
slon have functions that relate to water pollution (90).
No water-quality criteria are contained in the legislation
and none have been promulgated by the various boards
and ecommissions.

NEW YORK

Effective 1 January 1962, the Water Pollution Con-
trol Board was abolished. The functions of the Board
were transferred in part to the State Commissioner of
Health and in part to the Water Resourees Commission.
The Water Resources Commission has the authority to
classify waters and establish standards. The State Com-
missioner of Health has the responsibility of enforeing
the law.

The extensive system of classification of fresh tidal,
and ground water that appeared as Appendix B in the
first edition of WATER QUALITY CRITERIA (1952)
has been maintained (91). It is again reproduced in this
report as Appendix D and includes several new, special
classes, namely, Class A-Speeial (International Bound-
ary Waters), Class AA-Special (Lake Champlain Drain-
age Basin}, and Special Class (Lower (Genessee River).

New York is a member of the Interstate Sanitation
Commission, the Interstate Commission on the Delaware
River Basin, the Ohio River Valley Water Sanitation
Commission, the New England Interstate Water Pollu-
tion Control Commission, the Great Lakes Commission,
and the new Delaware River Basin Commission.

NORTH CAROLINA

The State Stream Sanitation Committee, created by
legislation enacted in 1951, is responsible for the control
and abatement of water pol]utlon in North Carolina.
The original act established the Committee within the
State Board of Health; however, amendments by the
General Assembly of 1959 transferved the Committes
to the new Depariment of Water Resources and estab-
lished therein a Division of Stream Sanitation and Hy-
drology to serve as administrative agent for the Com-
mittee.

The Committee acting under authority of the Statute,
adopted a comprehensive series of Water-Quality Stand-
ards ort 19 November 1953, These standards, are repro-
dueced in full and inclided as Appendizx E ( 1841)
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Pertinent sections of the enabling act (94) are
guoted below:

“*(a) Duties of Committee Under This Section: The
committee is hereby directed and empowered, as rapidly
as possible with the limits of funds and faecilities avail-
able to it, and subject to the proeedural requirements
of this Article:

(1) To develop and adopt, after proper study, a series
of classifications and the standards applicable to each
such classification, which will be appropriate for the
purpose of classifying each of the waters of the State in
such a way as to promote the policy and purposes of this
Article most effectively;

(2) To survey all the waters of the State and to
separately identify all such waters as the committee
believes ought to be classified separately in order to
promote the policy and purposes of this Article, omitting
only such waters as, in the opinion of the committee,
are insufficiently important to justify classification or
control under this Article; and

(3) To assign to each identified water of the State
such classification, from the series adopied as specified
above, as the eommittee deems proper in order fo pro-
mote the policy and purposes of this Article most
effectively. '

““(b) Criteria for Classification: In developing and
adopting elassifications, and the standards applicable
to each, the commiitee shall recognize that a number of
different classifications should be provided for (with
different standards applicable to each) so as to give effect
to the need for balancing conflicting eonsideration as to
usage and other variable factors; that different classi-
fications with different standards applicable thereto may
frequently be appropriate for different segments of the
same water; and that each classification and the stand-
ards applieable thereto should be adopted with primary
reference to an existing or a contemplated best usage
to be made of the waters to which such classification
will be assigned. e

“(e) Criteria for Standards: In establishing the
standards applieable fo each classification, the committee
shall consider, and the standards when finally adopted
and published shall state: The exient to which any
physical, chemical, or biological properties should be
prescribed as essential to the contemplated best usage.

““(d) Criteria for Assignment of Classifications: In
assigning to each identified water the appropriate classi-
fication (with its accompanying standards), the com-
mittee shall consider, and the deecision of the committee
when finally adopted and published shall contain iis
conclusions with respect to the following factors-as re-
lated to such identified waters:

(1) The size, depth, surface area covered, volume,
direction and rate of flow, stream gradient and tem-

perature of the water;

(2) The character of the district bordering said water,
including any peculiar suitability such district may have
or any dominant economic interest or development which
has become established in relation to or by reason of any
particular use of such water;

(3) The uses which have been made, are being made,
or may in the future be made, of such water for trans-
portation, domestic consumption, industrial eonsumption,
bathing, fishing, and fish eulture, fire prevention, the
disposal of sewage, industrial wastes and other wastes,
or any other uses;

(4) The extent to which such water is already receiv-
ing sewage, industrial waste, or other waste as a result
of present or past usage of the water, and the relative
economic values invelved in improving or attempting to
improve the eendition of such water.’’

NORTH DAKOTA

The State Water Conservation Commission and the
State Department of Health act jointly in controlling
water pollution in the state, The Industrial Commission,
through the State Geologist, is anthorized to prevent
the pollution of fresh-water supplies by oil, gas, or salt
water.

The State Water Conservation Commission is author-
ized to establish rules and regunlations for the control
of pollution in watercourses. Commission approval is
required for munieipal or industrial-waste disposal fa-
cility or munieipal waterworks construction. Before the
Commission grants approval, however, plans must first
be approved by the State Department of Health. The
Commission eannot declare waters to be polluted without
a finding to that effect by the State Department of
Health (1842).

No statewide standards of water quality have been
promulgated by the Department of Health or the Water
Conservation Commission (95). North Dakota is a mem-
ber of the Tri-State Water Commission.

OHIO

The Water Pollution Control Board and the Division
of Sanitary Engineering, both of which are established
within Ohjo Department of Health, have funections re-
lating to the control of water pollution. The Water Pol-
lution Control Act of Ohio passed in 1951 created the
Board with administrative, regulatory, and quasi-judi-
cial powers. Membership of the Board inecludes the Diree-
tors of the State Departments of Health, Commerce, and
Natural Resourees as well as two appointive members
that represent municipalities and industry.

The Board bas the authority to develop programs for
the prevention, control, and abatement of water pollu-
tion. Studies and recommendations with respeet to such
programs are carried out by the Division of Sanitary
Engineering. A major portion of the programs of the
Board is carried out through the granting of permits for
the discharge of wastes to waters of the state. Such per-
mits are issued for a specific period of time and their
renewal is granted upon compliance with certain condi-
tions that are affixed to the permit. Failure to comply
with the conditions results in formal hearing and pos-
sible Board action. '

General supervision of public water supplies and
waterworks, as well as of the disposal of wastes and waste
treatment works is carried out by the Division of Sani-
tary Engineering.

Previous printings of WATER QUALITY CRITERIA
(1952 and 1954) have included water-quality objectives




for the Miami and Manmee River Basins, and also of the
objectives of the Lake Erie Pollution Survey Report.
Since then, objectives have been promulgated for the
Muskingum, Cuyaboga, Mahoning, and Secioto River
Basins. All of these objectives are reproduced in Ap-
pendix F.

Ohio is a member of the Ohio River Valley Water Sani-
{ation Commission (98).

OKLAHOMA

The Oklahoma State Department of Health has pri-
mary responsibility for protecting the municipal and
domestic water supplies from pollution. In addition, the
Department bas the authority to control pollution re-
sulting from municipal or domestic sewage or any pollu-
tion affecting municipal, domestic and/or reereational
waters.

The Oklashoma Water Resources Board, created in
1957, coordinates the activities of the other poliution
control agencies in the state and is responsible for indus-
trial waste discharges (1843). It is also respensible for
adopting and promulgating standards of quality of the
waters of the state (1844).

The Oklahoma State Corporation Commission has re-
sponsibility for controlling pollution resulting from oil
and gas production and/or processing. The Oklahoma
State Department of Wildlife Conservation is respon-
sible for maintaining water quality at levels suitable for
sustaining and propagating fish and wildlife (1843).

The Burean of Water Resources Research, University
of Oklahoma, has prepared an extensive listing of water-
guality criteria for the various cooperating agencies to
be used as guidelines for acceptable guality of state
waters. These eriteria are not intended to be utilized as
i(nﬁexi)ble standards. They are summarized in Table 3-2

1845).

OREGON

The State Sanitary Authority, created within the
State Board of Health in 1939, has the primary responsi-
bility for the eontrol of water pollution in Oregon (101,
1846). Among the Sapitary Authority’s powers and
duties are the following: to encourage *° . ... restoring
and preserving the guality and purity of waters of the
Qtate in accordance with standards established by the
Sanitary Authority . . . ”, to ** . . . amend or cancel

rules and regulations pertaining fo minimum Te-

quirements for disposal of sewage and industrial
wastes . . . 7, and to ¢“ . . . establish, modify or amend
gtandards of quality and purity of the various waters
of the State . . . 7’ The Statutes defines standards as
te . such measure of quality or purity for any waters
in relation to their reasonable and necessary use . . . 7’
The Statutes also identify certain pollutants in associa-
tion with standards:

““Qection 11. The Sanitary Authority is authorized
and empowered to establish standards of quality and
purity of the waters of this state in accordance with
the public policy of the state of Oregon and in estab-
lishing such standards, eonsideration shall be given the
following factors: .

{2) The extent, if any, to which floating solids may .

be permitted in the water;
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TABLE 3-2

SUGGESTED CRITERIA OF RAW WATER QUAI.ITYV
FOR THE STATE OF OKLAHOMA (1845)

Water use
! . i Recreation—
Ton, organism or substance Munijcipal Industrial | Agrieuitaral | fish, wildlife
MVW_BL jtd, Unite._. - - 1%[3({ Std. Units 1000 Absence of toxic algae
[+ F— ol.
Alkealinity—ppem___ 120 50-150 . —
Ammonia—ppm.__ . 0.t - - 0.3
Biochemieal Oxygen__ - oeee| Max. 1.0-3.0
Demand—ppm__ cee| Ave. D.75-1.5 - — See D. O,
icarbonates—ppm .| 150 - 3-100 . -
Borop—ppm. ... 1 - 0.2-0.5 _
Cadminm-—ppm: . - L} 0 0 0
Caleium—pp.o—--- - - 40 —
Carbon Dioyide—ppm. - 20-40 -
Carbonates—ppm_____ _ 200400 i -
Chloride—ppi_ - weccoe e 50 20-250 100 -
hromi PP . - 0 0.05 Q 10.0
Coliform-MPN/100 ml__._____. 50 - - 500-1000
L1111 R ——— - 20-70 100-2000 - -
Copper—ppm.. . 3.0 - 0. 1.9
Cyanides-~ppin. L] ] V] 1]
D.O—ppm._..__ over 4.0 5.2-2.0 4.2 over 4
Floating solids_. 0 0 ¢}
Fiuoride—ppm_ o oo emmnn- 1.5 - 1.0 - 5.0
Hydrogen lon Concentzation-pH_j 6.5-8.5 6.0-9.6 — 5.0-9.5
Tron—ppm oo me 0.3 0.5 - -
Magnest -ppin - — 20* X _
Nitrate—ppm. oo 16 . - 44
Od—pﬁm _____________________ 0 0 1] 0.3
Phenolic compounds—ppm.. .001-_010 .005-.020 0.2-1.0
Ragdioactivity—uue/1. . Background | Background | Background
Sodium—ppm 50 10 -
Sulfates—ppm_. -~ —__._ 100-250 180 o
Suspended Solids-—ppm_ — Absence of siudge depaosita
Total Dissolved Sobds—ppm__.. 1 100-1900
Temperature—°F. (desirable)____ 4] 60 32-95
Total Nitrogen—ppm. - - 10
Turbidity— 10-50 - 2000

*5AR values show the inter-relstionship.

(b) The extent to which suspended solids, settleable
solids, eolloids or a eombination of solids with
other substances suspended in water may be per-
mitted ;

(¢) The extent to which organisms of the coliform
group, and other bacteriological organisms or
viruses may be permitied in the waters;

(d) The extent of the oxygen demand which may he
permitted in the receiving waters;

(e) The minimum dissolved oxygen content that shall
be maintained ; ’

(f) The limits of other physical, chemical, biological
or radiological properties that may be necessary
for preserving the purity of the waters of the
state; .

(g) The extent to which any substance must be ex-
cluded for the protection and preservation of
public health ; and )

(h) The value of stability and the public rights to
rely upon standards as adopted for a reasonable
period of time to permit institutions, municipali-
ties, commerce, industries and others to plan,
schedule, finance and operate improvements in
an orderly and practical manner’ (1847).

Specific standards and classifications are included in -
Appendix G unchanged from that which appeared in
the 1952 edition (101, 1848). _ ‘

“Oregon is a member of the Klamath River Compact
Commission and the Pollution Control Couneil, Pacific
Northwest Area.
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PENNSYLVANIA

The Sanitary Water Board in the Department of
Health has the primary function of eontrolling water
pollution in the Commonwealth. The Department of
Health acts as the enforcement agent for the Board, and
exercises conirol over water supplied to the public
(1849).

The contrel of water polution in Pennsylvania is
unique in several respects. The Sanitary Water Board
established one of the first comprehensive plans for the
rehabilitation of polluted streams. In an attempt to deal
fairly with all municipalities, the Board has elassified all

streams of the Commonwealth as: (a) those into which.

all wastes that are discharged shall be given complete
treatment or its equivalent, e.g., 85 percent BOD redue-
tion, (b) those into which all wastes that are discharged
shall be given primary treatment, e g., settling, grease re-
moval, and chlorination, (¢) acid-impregnated streams
that, for the present, require no treatment of wastes
received thereby, and (d) those into which a degree of
treatment somewhere between primary and complete is
required. This fourth category may apply to particular
reaches of a stream. The degree of treatment is specified
for each particular ecase.

In s further attempt at an equitable handling of in-
dustrial wastes, the Sanitary Water Board has encour-
aged industry-wide committees to formulate specific reg-
ulations and effluent standards for each industry and for
each type of waste normally discharged by such industry.
Rules and regunlations, including standards, have already
been promulgated for five types of Industries, viz., wastes
from pulp and paper mills (104), wastes from milk
plants (105}, acid pieckling wastes from metallurgical
plants (106), wastes from oil and natural-gas wells
(107), and wastes from wells other than oil and natural
gas (108). By setting up normal values for the sirength
of such wastes and then requiring a certain percentage
removal of polluting materials therefrom, the Board
recognized that the wastes frequently can be reduced in
quantity and poilutienal strength by improved operation
and equipment, and by good ‘‘housekeeping’’ methods,
as well as by waste-treatment works.

The Sanitary Water Board has also adopted rules and
regulations with respect to the disposal of wastes into
underground strata and also disposal of heated wastes.

" hese rules and regulations are reproduced in Appendix.

_H (103).

Pennsylvania has also adopted policies and standards
with respect to radioactive discharges. Radioaetive
. wastes have been classified as industrial wastes. The
permit granted for the Shippingport reactor is subject to
eertain Special Conditions, some of which are noted in
Appendix H (1850, 1851).

‘Where the Sanitary Water Board requires the removal
of BOD it specifies percentage removals eguivalent to
that obtained by sewage treatment. This requirement
amounts to 35 percent for primary treatment and 85
percent for complete treatment (1852). Pennsylvania is
2 member of the new Delaware River Basin Commission,
the Great Lakes Commission, the Interstate Commission
on the Delaware River Basin, the Inferstate Commission

on the Potomae River Basin, and the Ohio River Valley
‘Water Sanitation Commission,

RHODE ISLAND

The Department of Health has primary respousibility
for the control of water pollution in the State of Rhode
Island. The Division of Sanitary Engineering in the
Department of Health enforces the water pollution laws
of the state (1853). Although Rhode Island has promul-
gated no standards of its own, it subseribes to those of
the New England Interstate Water Pollution Control
Commission of which is it 2 member (109).

SOUTH CAROLINA

In 1950, the Water Pollution Control Autherity was
created within the State Health Department. The Au-
thority was assigned the responsibility of preparing a
general eomprehensive program for the abatement and
prevention of water pollution (110, 1854).

The Authority is empowered to classify the designated
waters. Standards of quality and purity for each such
classification are related to publie use or benefit and may
be later modified.

The resulting system of classifications and standards
were listed in the appendices of previous printings of
WATER QUALITY CRITERIA. They are again repro-
duced wnchanged in this edition as Appendix T {110).

SOUTH DAKOTA

The Committee on Water Pollution, working through
the Division of Sanitary Engineering of the State De-

-partment of Health, has the primary respounsibility for

water-pollution conirel in South Dakota (1855). No spe-
cific effluent standards are in effect, but each instaltation
is evaluated individually. Streams have been classified as
indicated by the pertinent gections of the enabling
statute (113) guoted below (from Laws péertaining to
Water Pollution 1960 Supplement to South Dakota
Code—1939) :

°61.0145 Classification of Waters. It shall be the
duty of the Committee to classify the public waters of
this State, or parts thercof, into elasses which shall be
known as ‘Class A’ waters and ‘Class B’ waters, ‘ Class
A’ waters shall be those waters, or parts thereof, in
which the pollution or corruption entering snch waters
can be so controlled that the waters receiving such pol-
lution and eorruption shall not be unwholesome or unfit
for domestic use, or unsafe as a souree of public water
supply, or deleterious to fish or plant life, or shall net
cause g public nuisance. ‘Class B’ waters shall he those
waters, or parts thereof, which are more important to
the welfare of the people of the state as ecarriers of
waste, providing such wastes are not detrimental to the
public health. (No person, firm or corporation shall dis-
charge or cause to be discharged in ‘Class A’ waters
of this state any new pollution or corruption in the form
of sewage, industrial or other wastes, liquid or solid,
without first having applied for and received a permit
from the Water Pollution Committee for such discharge.
In issuing the permit, the Committee shall preseribe the
standards of water quality and purity of such sewage,
industrial or other wastes necessary to maintain the
reeeiving water as ‘Class A’ water of this sfate as de-




fined in Section 61.0145, 1960 Supplement teo South
Dakota Code of 1939. The Committee shall have an-
thority to require the applicant for the permit to fur-
nish such technical information and data as may be
necessary to judge the character of the waste and the
degree of treatment required to maintain the necessary
standards of purity.)”’

South Dakota is a member of the Tri-State Water
Commission. _

TENNESSEE

The Stream Pollution Control Board is charged with
the primary responsibility of controlling water pollu-
tion.. The Department of Public Health also exercises
some funetions relating to water pollution, primarily in
the construetion of public water supply and sewerage
systems (1856).

The Tennessee Stream Pollution Act of 1945, as
atuended in 1951 (115), gives the Board the duty and
anthority . . . To establish such standards of quality
for any waters in relation to their reasonable and nec-
essary use as it shall deem to be in the publie interest.”’
The original standards or any changes therein ecan be
promulgated by the Board only after public hearings.

Acting in accordance with the statunte, the Board
issued the following criteria to be used as guides (1857):

“Criteria of Water Conditions

1. Solids, Floating Materials, and Deposits

There shall be no distinetly visible solids, seum,
foam, oily sleek, or the formation of slimes, bottom de-
posits or sludge banks of such size or character as
may be detrimental to publie health, fish and other
aguatic life, recreation, industry, or other reasonable
and pecessary uses of the waters.

2. Temperature

The temperature of the receiving waters shall not
be raised or lowered fo such an extent as to interfere
with the reasonable and necessary uses of the waters.

3. Turbidity or Color

There shall be no turbidity or color added in
amounts or of such character as interferes with the
reasonable and necessary uses of ithe waters, or that
cannot be reduced to acceptable concentrations by
modern water treatment processes as commonly em-
ployed, or that result in an objectionable appearance
of the waters.

4. Taste or Odor

There shall be no substances added which will re-
sult in taste or odor that prevent the production of
potable water by modern water treatment processes
as commonly employed, or imparts anpalatable flavor
to food fish, or result in noticeable offensive odors in
the vieinity of the waters, or otherwise interfere with
the reasonable and necessary uses of the waters.

5. Aeidity or Alkalinity

There shall be no substances added which will make
the waters acid or alkaline to such an extent as to
interfere with the reasonable and necessary uses of the
waters.
—
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6. Hardness or Mineral Compounds

There shall be no substances added to the waters
which will inerease the hardness or the mineral eon-
tent of the waters to such an extent as to appreciably
impair the usefulness of the waters as a souree of
water supply or interfere with other reasonable and
necessary uses of the waters.

7. Dissolved Oxygen

The dissolved oxygen shall not be depleted to an ex-
tent that will interfere unduly with the reasonable
and necessary uses of the waters.

8. Bacteria

No disease-producing bacteria or other objectionable
organisms shall be added to surface waters which will
result in the contamination of said waters to such an
extent as to render the water unsuitable as sources of
domestiec water supply after treatment with currently
existing methods or otherwise increase the bacterial
content 'to such an extent as to render said waters un-
suitable for other reasonable and necessary uses.

9. Toxiec Substances

There shall be no substances added to the waters
that may produce toxie conditions that materially
affect man, animals, or aquatic life, or impair the
safety of a treated water supply, or adversely affect
other reasonable and necessary uses.

10. Other Pollutants

Other pollutants shall not be added to the waters in
quantities which may be detrimental to public health,
fish or aquatie life, reereation, or other reasonable and
necessary uses of the waters’ (114, 1857).

Tennessee is a member of the Tennessee River Basin
Water Pollution Control Compaet, but as of 1 January
1962 thig Compact had not been activated.

TEXAS

The Texas Water Pollution Control Law, passed by
the 57th Legislature in 1961, was the first change in
water pollution control in Texas sinee 1953. This act
created the State Water Polluiion Control Board, which
has the authority to abate and prevent pollution of the
waters of the state. .

Streams are not classified formally nor have standards
of water quality been promulgated, although streams or
other bodies of water used as the raw water supply to a
publie water treatment plant must conform to standards
established by the Department of Health which has
adopted the T. S. Publie Health Service standards (116).
Although the act does not mention standards per se,
Seetion 4 states, in part: ‘

The Board ‘‘after notice to the parties affected and
after & public hearing if. .. (deemed) ... to be in the
publie interest, may issue permits for the discharge of
waste into or adjacent to the waters of this State. Each
such permit shall set forth the conditions upon which
it is issued by the Board, including, but without limit-
ing such conditions, to the duration of such permit,
the maximum quantity of waste which may be dis-
charged thereunder at any time and from time to time,
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and the quality, purity and character of waste which
may be discharged thereunder...The Board shall
adopt, preseribe, promulgate and enforee rules and
regulations reasonably required to effectuate the pro-
visions of this Aet’” (1858).

UTAH

Tn 1953 the Utah State Water Pollution Control Board
was established with strong powers to comnirol, prevent,
and abate the pollution of surface and underground
waters. The ‘Water Pollution Control Act did not alter
the powers of other state agencies also functioning in
water-pollution control, namely, the State Health De-
partment, the Fisk and Game Department, and the State
Engineer (118, 1859). :

Among the powers and duties that the Board shall
have and may exercise under Section 4 of the act is the
following : *“To adopt, modify or repeal and promulgate
standards of guality of the waters of the state and clas-
sify such waters according to their reasonable uses in the
interest of the public under such conditions as the board
may prescribe for the preservation, eontrol and abate-
ment of pollution.”” Section 6 of the same act states:

“Tn order to effectuate a program for the prevention,
control and abatement of pollution of the wafers of the
state, the board is authorized to group the waters of the
state into classes according to their present most reason-
able uses. Subject to the approval of the Legislature the
board is anthorized to upgrade and reclassify from time
to time the waters of the state to the extent that is prac-
tical and in the publie interest.

“Phe hoard is anthorized to establish standards of
quality for each classification comsistent with most rea-
sonable present and future use of such watlers, and such
standards may be modified or changed from time to time.
Prior to classifying waters, setting standards or modify-
ing or repealing them the board shall conduct public
hearings in connection therewith. Notice of publie hear-
ing for the consideration, adoption, or amendment of the
classifications of waters and standards of purity and
quality thereof shall specify the waters eoneerning which
a classification is sought to be made or for which stand-
ards are sought to be adopted and the time, date, and
place of such bhearing. Such notice shall be published at
least twice in a newspaper of general circulation in the
area affected and shall be mailed at least iwenty days
before such public hearing to the chief exeeutive of each
political subdivision of the area affected and to such
other persons as the board has reason to believe will be
affected by such eclassification and the setting of such
standards.

““The adoption of standards of quality of the waters of
the state and classification of sueh waters or any modifi-
cation or change thereof shall be effectnated by an order
of the board which shall be published in a newspaper of
general circulation in the area affected. In classifying
waters and setting standards of water guality or making
any modification or change thereof, the board shall allow
and announee a reasonable time for persons discharging
. wastes into the waters of the state to comply with such
classification or standards.

““ Any diseharge in aecord with such classification or
standards shall not be deemed to be pollution for the
purpose of this act’ (1860). _

In accordance with these powers, the Ttah Water
Polution Control Board has officially adopted the sys-
tem of classification with water quality standards as
shown in Appendix J (118).

VERMONT

The Vermont Water Resources Board, formerly known
as the State Water Conservation Board, had its name
changed by an aet of the General Assembly of the State
of Vermont in 1961 (119). The Water Resources Board
has the primary responsibility of controlling water pol-
lution in all surface waters. The State Health Commis-
sion also exereises some functions dealing with water
pollution. These functions relate primarily to publie
water and ice supplies and adviee concerning the dis-
posal of drainage or sewage (1861). The Vermont Water
Resources Board administers the state grant-in-aid pro-
gram whereby 20 percent of the total eligible costs for
necessary pollution-control facilities is paid by the state.
In administering this grant-in-aid program, the Board is
responsible for establishing standards of treatment and
reviewing and approving plans for these facilities. Its
duties also include review of sewer extension plans, issu-
ing of permits for these extensions for new sources, and
the initiation of enforecement activities when needed.

The Water Resources Board is authorized to classify
waters not already classified by the Legislature, and to
determine the degree of purity that should be obtained
and maintained in such waters in the future. The 1961
General Assembly also amended Section 902 of the
water-pollution-control laws on classification. Tt now
reads {1862): 3

¢3902. Classification of waters. _

The State of Vermont hereby adopts, for purposes of
classifying its waters, the following elasses and defi-
nitions thereof :

Class A. Suitable for public water supply. Charaeter
uniformly excellent.

Class B. Sunitable for bathing and recreation, irriga-
tion and agricultural uses; good fish habitat;
good aesthetic value, acceptable for publie
water supply with filtration and disinfection.

Class C. Suitable for recreational boating, irrigation of
erops not used for consumption without cook-
ing; habitat for wild life and for common
food and game fishes indigenous to the re-
gion ; and sueh industrial uses as are consist-
ent with other class ‘*C’’ uses.

Class D. Suitable for transportation of sewage and
industrial wastes without nuisance, and for
power, navigation and other industrial uses.’’

The above classes correspond essentially fo those of
the New England Interstate Water Pollution Control-
Commission of which Vermont is a member. The Water
Resources Board utilizes the standards of this Commis-
sion (119}. '
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VIRGINIA _

The State Water Control Board has the primary fune-
tion of controlling water pollution in the state. The State
Board of Health has general supervision and eontrol
over all water supplies and waterworks in the state in-
sofar as the sanitary and physical quality of water fur-
nished may affect the public health (1863). '

The State Water Control Board is charged “io estab-
lish such standards of quality for any waters in relation
to the reasonable and necessary use thereof as it deems
1o be in public interest, and such general policies relat-
ing to existing or proposed future pollution as it deems
necessary to accomplish the purposes of this chapter, to
modify, amend or eabcel any such standards or policies
established and to take all appropriate steps to prevent
pollution contrary to the public interest or to standards
and policies thus established’’ (1864).

The - water-qunality aspeets of eaeh case involving a
waste discharge to state waters is considered on iis own
merits, taking into consideration the downstream water
uses and the assimilative capacity of the receiving
stream. In this consideration the Board utilizes a guide
of general objectives for the setting of water-quality
standards. In effect, therefore, stream quality standards,
gither expressed or implied, exist for each stretch of
stream below s point of waste discharge. Moreover, each
ecertificate (permit) granted contains a section making
at least a general reference to stream quality.

The general criteria used by the Board as a guide in
reecommending standards of quality are:

_¢t1. Solids which may settle to form detrimental sludge
deposits in the quieter seetions of streams should
not be perrvitted.

2. Oil, grease, scum or floating solids which are un-
sightly, may be deposited on the shores, interfere
with re-oxygenation of the water, or are otherwise
detrimental should not be permitted.

3. pH in the stream should be maintained within
specified limits.

4. Inorganic dissolved solids in the stream should be
kept within concentration limits so that water is
not rendered unfit for an industrial or domestic
water supply, as an environment for aquatic life,
or for other uses.

5. Materials in the stream toxie to fish and other
aquatic life, or to man or animals using the water,
should be kept at or below specified maximam con-
centrations. _

6. Dissolved oxygen should be kept at specified levels
in the stream below the point of any waste dis-
charge, so indigenous aquatic life may be main-
tained.

7. Diseoloration and turbidity of the stream should
be kept within specified limits. :

8. The most probable numbers of eoliform bacteria
in the stream should be kept within specified

limits.
9. Radioactivity levels should be kept within spee-
ified limits.

10. Temperature should be kept within speeified Timits.

11. Specifications for other constituents in the stream
will be set in individual cases’’ (120).

An example of a certificate (permit) stipulation re-
lating to water quality is the following :

« After adequate mixing of the industrial wastes re-

forred to in this certificate with receiving State waters,

the following general conditions shall be maintained :

(a) No appreciable change in existing color.

(b) No appreciable settleable or floatable solids.

{e) No grease or oil films.

(d) Natural pH value of stream not changed more

g than one pH unit.

(e) Biochemical oxygen demand of waste sufficiently
low to prevent depressing the dissolved oxygen
content at any time or at any location below
________ parts per million.

(£} Potentially toxic substanees substantially below
toxicity thresholds for aquatic or other Iife™’
(120).

Virginia is a member of the Interstate Commission on
the Potomic River Basin, the Ohio River Valley Water
Sanitation Commission, and the Washington Metropol-
itan Regional Sanitary Board.

WASHINGTON

The Pollution Control Commission has been responsi-
ble for administering and enforcing the State Water
Pollution Control Aect since 1945. The Commission has
broad authority under the Aet to control and prevent
pollution of state water, ineluding the setting of stand-
ards, Other state agencies that have roles concerning
certain aspects of water pollution include the State
Department of Health, the State Department of Conser-
vation and Development (Division of Water Resources),
the Director of Fisheries and the Director of (Game, and
the State 0il and Gas Conservation Committee (1865).

The Pollution Control Commission has adopted the
following standards (1866) -
¢¢1 No sewage or indusirial waste shall be discharged
into any of the waters of the state that will cause:

(a) The reduction of the dissolved oxygen content to
less than five parts per million (5 p.p.m.)

(b) The hydrogen-ion concentration (pH) to be out-
stde of the range of 6.5 to 8.5.

(e) The liberation of dissolved gases, such as carbon
dioxide, hydrogen sulphide or any other gases in
sufficient quantities to be deleterious to fishes or
related forms.

(d) The development of fungi or other growth having
a deleterious effect on stream bottoms, fishes and
related forms, or be injurious to health, recreation
or industry.

(e) Toxie conditions that are deleterious to fishes and
related forms or affect the potability of drinking
water.

(f) The formation of organic or imorganic deposits
detrimental to fishes and related forms, or be in-
jurious to health, reercation or industry.

(g) Discoloration, turbidity, scum, oily sleek, floating
solids, or coat the aquatic life with oily films, or be
injurious to health, recreation or industry.
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{h) The temperature to be raised above the limit of
tolerance of fishes and related forms,

‘2, Tn those waters which are used or reasonably suit-
able for use as drinking water supplies, shellfish culture,
bathing, or in other instances where its use presents a
definite public health hazard by presence or potential
presence of disease-producing organisms, the median bae-
teriological content of a representative number of sam-
ples shall not show the presence of coliform organisms in
excesg of 50 per 100 ml. expressed in terms of the most
probable number, provided that the sanitary survey re-
veals that bacterial eontent is of human origin. In other
instances where the use of water presents a public health
hazard by the presence or potential presence of disease-
producing organisms, the median bacteriological content
of a representative number of samples shall not show the
presence of coliform organisms in excess of 240 (M. P.
N.) per 100 ml provided that the saniiary survey reveals
that the baeteriological content is of human origin.”’

As a member of the Pollution Control Council of the
Pacific Northwest Area, the Washington Commission

utilizes the water-guality objectives of this interstate

ageney.

WEST VIRGINIA

The State Water Resources Commission, named in
1959, was incorporated in the newly formed Department
of Natural Resourees in 1961. This Commission has the
primary responsibility of controlling water pollution in
the State of West Virginia {1867).

Minimum Water Quality Objectives adopted by the
Commission, as amended in 1959, conform with objec-
tives of the Ohio River Valey Water Sanitation Com-
mission of which: West Virginia is 2 member. This docu-
ment states (126):

““That the State Water Commission adopt as a_geqeral
guide the following minimum water quality objectives,
applieable to all waters of the state, that is to say:

““No sewage, industrial wastes or other substances al-
lowed to enter any of the waters of the state shall cause
therein or materially cortribute to any of the following
conditions thereof :

(1) Distinctly visible floating or settleable solids,

' seum, foam or oily sleeks of unreasonable kind or

quantity ; 7

(2} Objectionable bottom deposits or sludge banks;

{3) Objectionable odors in the vieinity of the waters;

(4) Objectionable taste or odor in municipal water
supplies;

{5} Poisopous to man, animal or fish life;

(6) Dissolved oxygen concentration to be less than 3.0
parts per million at the point of maximnum oxygen
depletion ;

{7) Objectionahle eolor;

(8) Requiring an unreasonable degree of ireatment
for the protection of potable water by modern
water treatment processes as commonly employed ;

and, be it

Further Resolved, that with respect to sewage under
the control of any municipal or private corporation, any

county eourt, government institution, agency or political
subdivision, these objectives be interpreted to require
at least sufficient treatment to provide snbstantially

-complete removal of settleable =olids and removal of not

less than 45 percent of the total suspended solids, and,
be it

Further Resolved, that chlorination of sewage treat-
ment plant effluents will be required where deemed nee-
essary, and, be it :

Fyrther Eesolved, that nothing contained herein shall
be construed to be antagonistic to or interfere with the
obligations incurred by the State of West Virginia as a
signator to the Ohio River Valley Water Sanifation Com-
pact; and, be it

Further Resolved, that higher or additional water
quality objectives may be established by the Commission
at its diseretion, or exeeptions may be made to these ob-
Jectives in individual cases where justified.”’

Although the above gunides are to be followed in all
state streams, more stringent measures ean be applied
to certain streams,

West Virginia is also a member of the Interstate
Commission on the Potomae River Basin.

WISCONSIN

In Wisconsin, the Committee on Water Pollution, the
State Board of Health, and the Conservation Depart-
ment exercise funetions relating to water pollution. The
Committee exercises- general supervision over the ad-
ministration and enforeement of all laws relating to the
pollation of the surface waters of the state (1868).
Changes in the statntes sinece 1953 bave not involved
water-quality eriteria.

No water-quality standards have been established;
each pollution problem is considered individually. The
Committee has, however, adopted the policy that at
least primary treatment with ¢hlorination should be pro-
vided for all sewage discharged into surface waters, and
that industrial-waste-treatment plants should provide
equivalent reduction in BOD to that attained in the
treatment of sewage for any given location (127).

Wisconsin is a member of the Great Lakes Commission.

WYOMING

The State Department of Health has general supervi-
sion over water-pollution control in the state. The Stream
Pollution Advisory Counsel assists the Department in
the development of a comprehensive program for the
prevention, abatement, and control of watér pollution.
The State Engineer is responsible for the control of
pollution of underground waters. The Oil and Gas Con-
servation Commission also has responsibilities concerned
with prevention of pollution of fresh-water supplies by
o0il, gas, or salt water (1869).

The Wyoming State Board of Health has adopted eri-
teria set forth by the Missouri Basin Engineering Health
Couneil, of which the Wyoming Department of Public
Health is a member. These criteria are as deseribed
hereinafter (128).

BI-STATE DEVELOPMENT AGENCY

The States of Illinois and Missouri ereated by compaet
in 1949 the Bi-State Developmerit Agency which has
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general planning authority only with respect to water
supply (St. Louis metropolitan area). Under this au-
thority, the Ageney, in 1954 and in conjunction with
other agencies, sponsored a water-pollution investigation
of the Mississippi River (1870).

Among the recommendations made were that -all
wastes discharged into the river shall be in a condition
which shall not eause:

a) exeessive bacterial, physical, or chemical contam-
ination;

b) unnatural deposits in the stream ;

¢) objectionable eolors, tastes, or odors to water used
for domestie or industrial purposes; and

d) shall be free from floating materials, such as oils,
grease, sewage solids, or other refuse

For sanitary sewage and storm water, il is recom-
mended that treatment be sufficient for adequate re-
moval or reduction of solids, bacteria, and chemical
constituents that may interfere with the use of the water,
such as substantially complete removal of floating and
settleable solids, and not less than 45 percent of the
suspended solids. Phenol wastes shall not produce a con-
centration exeeeding a monthly average of 2 micrograms
per liter or 2 maximum of 5 micrograms per liter at any
point. The pH of the waters shall not be less than 6.7
nor more than 8.5; Odor-producing substances in the
efflzent shall be reduced so that after the final dilution,
the mixtnre does not have a monthly threshold odor
number in excess of 10 and a maximum daily odor num-
ber in excess of 30. Qils and floaiing solids shall be re-
dueed to a point such that the stream is free from
noticeable floating solids, oil, grease, and sleek. Highly
toxic wastes shomld be eliminated or reduced to safe
limits. Deoxygenating wastes should be suitably treated
(1871).

DELAWARE RIVER BASIN COMMISSION

This new agency came into existence on 27 October
1961 as an interstate-federal compaet. The Federal Gov-
ernment will partieipate with the States of New York,
New Jersey, Pennsylvania, and Delaware in the plan-
ning, regulation, and execution of water-resources
projects and programs in the Delaware River Basin.
The new agency will probably supplant the Interstate
Commission on the Delaware River Basin and absorb
much of the latter’s progress in and activities concern-
ing the setting of standards (133).

Section 3.6 of the Compact anthorizes the Commission
to ‘“‘Establish standards of planning, design and opera-
tion of all projects and facilities in the basin which affect
its water resources. . .”’ Section 4.2 allows the Commis-
sion power ‘‘to acquire, operate and control projects and
facilities for the protection of public health, stream
yuality control, economic development, improvement of
fisheries, recreation, dilution and abatement of pollu-
tion, the prevention of undue salinity and other pur-
ooses. . .”” Also, Seetion 5.2 states ‘‘The commission may
issume jurisdiction to eontrol future pollution and abate
sxisting pollution in the waters of the basm, whenever
t determines after investigation and public hearing
“1pon due notice that the effectuation of the comprehen-
jive plan so requires. The standard of such eontrol shall

be that pollution by sewage or industrial or other waste
originating within a signatory state shall not injuriously
affect waters of the basin as contemplated by the com-
prehensive plan. The commission, after such publie hear-
ing may classify the waters of the basin and establish
standards of treatment of sewage, industrial or other
waste, aceording to such classes including allowanece for
the variable faetors of surface and ground water such
as size of the stream, fiow, movement, location, character,
self-purification, and usage of the waters affected. After
sueh investigation, notice and hearing the commission
may adopt and from time to time amend and repeal
rules, regulations and standards to control such fature
pollution and abate existing pollution, and to reguire
such treatment of sewage, indusirial or other waste
within a time reasonmable for the construction of the
necessary works as may be required to proteet the publie
health or to preserve the waters of the basin for uses
in accordance with the comprehensive plan’ (1872).

GREAT LAKES COMMISSION

The Great Lakes Commission is an agency created by
a 1955 interstate eompact among seven Great Lakes
States, and serves as their joint advisory agency on Great
Lakes water-resource programs. The State of Ohio is
the only state eligible for membership that is not now
participating in the Commission’s program. Also, Con-
gress has not yet given its consent to the Compact.
Nevertheless, the member States of Illinois, Indiana,
Michigan, Minnesota, New York, Pennsylvania, and ‘Wis-
consin continue to recognize the Commission as their
joint agency.

Article VII of the Great Lakes Basin Compact lists
““measnres for eombating pollution’’ among the subjects
to be considered by the Commission. In the exercise of
its powers under the Compact, which limits the Com-
mission’s authority to advisory powers, the Commission
to date has not recommmended any water-quality stand-
ards for the Great Lakes (1873).

INTERNATIONAL BOUNDARY AND WATER COMMISSION

The 1944 Water Treaty between the United States
and Mexico set forth, among other things, the jurisdie-
tion and fuhetions of this Commission. Article 3 of the
Treaty states that ‘“all of the (water) uses shall be
subject to any sanitary measures or works which may be
mutually agreed upon by the two Governments, which
hereby agree to give preferential attenfion to the solu-
tion of all border sanitation problems.”’ Consequently,
two international sewage treatment works have been
jointly constructed, the operation and maintenance of
which are under Commission supervision. The Commis-
sion does not promulgate its own standards of water
guality. Instead, it is guided by the regulations of the
border states involved in consultation with the federal
public health agency of each ecountry (1874). '

INTERNATIONAL JOINT COMMISSION

The International Joint Commission was created by
the Boundary Waters Treaty, signed in 1909, between
the United States and Great Britain ‘‘Relating fo
Boundary Waters and Questions arising Between the
United States and Canada.’’ It was agreed in the Treaty
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that boundary waters and waters flowing across the ¢“2. The Commission therefore recommends that the

boundary ‘‘. . . shall not be polluted on either side to following principles be adopied :

the injury of health or property on the other . ..” {a) Rivers which are at present clean shall be
- (130). The Treaty did not designate specifie procedures preserved free from pollution.

to ensure compliance with this agreement. Hence, water- (b) Rivers which are already polluted shall not

pollution problems have been handled under the general be made worse by further pollution but shall

provisions of Article IX, under whick considerationsg O_f _ be improved wherever possible.

any kind can be referred to the Commission for investi- (¢) Rivers polluted beyond the following hm1ts

gation, report, and reecommendation (1875). ) shall be improved in accordance with a defi-

In 1946, the two governments directed the Commis- nite programme aimed at reducing the pollu-

gion to investigaie conditions of Lake St. Clair and of tion to the following limits measured at the

the 8t. Clair and Detroit Rivers (130). Eventually, the point of intake.

Commission’s investigation was broadened to include (1) Physical Characteristies

sections of Lakes Superior, Huron, Erie, and Ontario.
A Board of Teechnieal Advisors, assisting the Commis-
sion in the investigation, developed a series of objectives
for quality eontrol of the boundary waters (131). These
objectives appear in Appendix L.

A feature of these objectives (1876) is their combina-
tion of reeommendations for stream quality with sug-
gestions for effluent coneentrations, e.g., an objective of
0.3 mg/1 of iron in the receiving waters ‘“will probably
be attained if plant effluents are limited o 17 ppm of
iron in terms of Fe.”’ Similar expressions are given for
phenols, pH, odors, and oils. Ontario, Canada, makes use
of a similar system of objectives plas effluent concen-
tration recommendations (1877).

The Iniernational Joint Commission has established
an international warning system for notifying down-
stream water users following industrial waste spills
(1875). Louisiana utilizes a similar warning system
along the Mississippi River.

INTERNATIONAL WATER SUPPLY ASSOCIATION

In June 1947, represeniatives from Great Britain,
France, and the Netherlands met in England to disenss
the formation of an International Water Supply Asso-
ciation. The general purposes of the new group would
be to enable men engaged in water supply in all parts
of the world to exchange information, to meet to discuss
problems of common interest, and evenimally to pool
jdeas and to carry out research on an international basis.
The decision was made to convene an International
Water Supply Congress in Amsterdam in 1949 and
there to set up a new Association and adopt a constitu-
tion (1878).

Each third year commencing with 1949 the Assoeia-
tion holds an International Water Supply Congress. The
United States became a member at the time of the 1961
Congress held in Berlin, Current membership now in-
cludes 32 ecorporate members (nations).

Also at the 1961 Congress, the Association’s Technieal
Commission on Pollution of Surface Waters presented
recommended limits of pollution of surface waters
(1879} as follows:

‘1. The increaging population of the world, the rising

standard of life and the increase in the demand
for wholesome water supplies will make it neeces-

sary to resort more and more to surface waters .

for drinking water. The Commission is therefore
alarmed at the extent to which pollution is al-
lowed in rivers whiech are or will be used for
drinking water,

Temperature: Permissible increase to
be fixed by each country pending inter-
naticnal agreement.

Taste and odour: No disagreeable taste
and odour.

Suspended matter: Permissible in-
crease. to. be fixed by each couniry
pending international agreement.
pH range: 6.5 to 8.7

(2) Chemical Characteristics

Biochemical oxygen demand: Five
days at 20°C; not greater than 4 mg/1
Dissolved oxygen content: Not less
than 70% saturation

Free ammonia as N: Not greater than
0.5 mg/1

Chlorides as Cl: Desirable limit 200
mg/1

Phenols: Not greater than 0.001 mg/1
Oils and fats: No oils or fats to be
allowed

(8) Toxie Substances

Not greater than the eoncentrations set
out in the ‘‘ International Standards of
Drinking Water Quality’’ published
by the World Health Organization in
Geneva in 1958, namely :

Maximum allowable
Substance “concentrations
Lead (as Pb) 0.1 mg/1
Selenium (as Se) 0.05 mg /1
Arsenic (as As) 0.2 mg/1
Chromate (as Cr) 0.05 mg/1
Cyanide (as CN) 0.01 mg/1

(4) Radioactivity

The limits fixed by the World Health
Organization from time to time. The
present figures are:

Alpha emitters—not greater than 1
micro-microeurie per
Iitre.

Beta emltters —not greater than 10
miero-mierocuries per
litre over and above
the naturally oceur-
ring radicisotope Po-
tassinmn 40,




‘3, The prineciples set out in paragraph 2 above 2pply
with equal foree o lakes. The Coromission is to
consider whether any amendment is required in
the detailed application of these principles to
lakes.

“‘4, The detailed figures set out in paragraph 2 above
may reqmre to be altered, added to, and com-
pleted in the light of turther knowledge and in-
vestigation. The Commission will continue its
studies and will publish a new report or reports
as and when necessary.

‘5, The Commission also intends to study and to make
recommendations on praetical measures to be
taken to assist in achieving the objeets set out in
paragraph 2 above.”’

INTERSTATE COMMISSION ON THE DELAWARE
RIVER BASIN (INCODEL)

Correspondence with the Interstate Commission on the
Delaware River Basin (133) indicated that the informa-
tion presented in the earlier printings of WATER
QUALITY CRITERIA is still applicable. Therefore,
most of this information is repeated.

- Reeognizing that the growing problem of pollution
along the Delaware River was of interstate origin and
eoncern, Delaware, New Jersey, New York, and Penngyl-
vania joined in a reciproecal agreement for the correction
and eontrol of such pollution. In the original agreement
{132) the areas of the basin were classified into zones
according to the principal uses of the water and mini-
mum quality requirements for effluents discharged into
each zone were promulgaied. In this manner, Ineodel
combined effluent standards with stream -elassification.
Pertinent sections of the reeiprocal agreement, dealing
with zones and standards, have been excerpted and in-
cluded herewith as Appendix N.

However, Incodel will soon he supplanted by a new
agency. On 27 September 1961, President Kennedy
signed an interstate-federal eompact under which the
Federal Government will participate with the States
of New York, New Jersey, Pennsylvania, and Delaware
in the planning, regulation, and execution of water-
resources projecis and programs in the Delaware River
Basin. This co-operation will be accomplished under the
aegis of a new agency endowed with broad and strong
powers over all aspects of water development, including
water-pollution control. The new agency officially eame
inte existence on 27 October 1961, a month after the
authorizing compaet was signed by the Pregident.

While an effective job has thus far been done in cop-
ing with pollution in the Delaware River Basin, it has
become apparent that the water-quality standards must
soon be up-graded in order to keep pace with the rapid
growth in industry and population. In the past few
years, Incodel .has been conducting studies to establish
bases upon which the new standards should be founded.
It is sure the new Commission will continue these tasks
at an accelerated rate (133). This new Commission is to
be known as the Delaware River Basin Commission and
is described separately.
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INTERSTATE COMMISSION ON THE
POTOMAC RIVER BASIN

A compact entered into by Maryland, Virginja, Penn-
sylvania, West Virginia, and the Distriet of Columbia
created the Potomae Valley Conservancy District, com-
prising the drainage basin of the Potomae River and its
main and fributary streams. The compact also estab-
lished the Interstate Commission on the Potomae River
Basin as a eo-ordinating body for the purpose of ‘‘regu-
lating, controlling, preventing, or otherwise rendering
unobjectionable and harmless the pollution of the waters
of said Potomac drainage area by sewage and industrial
and other wastes. .. »’ (134). _ '

Among its duties and powers, the commission is au-
thorized ‘‘To make and, if needful from time to time,
revise and to recommend to the signatory bodies, rea-
sonable, minimum standards for the treatment of sewage
and indu$tri-a.1 or other wastes now discharged or to be
discharged in the future to the streams of the Conser-
vaney Distriet, and also, for cleanliness of the various
streams in the Conserva.ncy Distriet’ (134).

‘Water-quality eriteria promulgated by the Commission
ir 1946 and recommended to the states of the basin for
their use are included in Appendix (. Also, in January
1858, the Commission adopted eriteria for the Potomae
River in the Washington Metropolitan area. These lat-
ter eriteria are included in Appendix K.

An amended compact is currently heing negotiated.
Since an important aspect of the new compaet eoncerns
standards and classifieations, the pari coneerning such
in Article II, Seetion F2 is quoted:

““To establish reasonable physical, chemical and bae-

teriological standards of water quality satisfactory for
various classifications of use. It is agreed that each of
the signatory bodies through appropriate agenecies will
prepare a clagsification of its interstate waters in the
Distriet in entirety or by portions acecording to present
and proposed highest use, and for this purpose technieal
experts employed by appropriate state water pollution
control agencies are authorized to eonfer on gqueéstions
relating to classification of interstate waters affecting
two or more states. Each signatory body agrees to sub-
mit its classification of its interstate waters to the Com-
mission with its recommendations thereon.
" ““The Commission shall réview sueh classifieation and
recommendations and accept or return the same with its
comments. In the event of return, the signatory body
will consider the comments of the Commisgion and re-
submit the classification proposal, with or without
amendment, with any additional comments for further
action by the Commission.

“‘It is agreed that after aceeptance of sueh classifica-
tion, the signatory body threugh its appropriate state
water pollution control agencies will work to establish
programs of treatment of sewage and industrial wastes
whieh will meet or exceed standards established by the
Commission for classified waters. The Commission may
from time to time make such changes in definitions of
clagsifications and in standards as may be required by
changed conditions or as may be Tecessary for uniform-
ity and in a manner similar o that in which these stand-
ards and eclassifications were originally established.
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“It is reeognized, owing to such variable factors as
location, size, character and flow and the many varied
uses of the waters subject to the terms of this Compact,
that no single standard of sewage and waste treatment
and no single standard of quality of receiving waters is
practical and that the degree of treatment of sewage
and industrial wastes shonld take into account the classi-
fication of the receiving waters according to present and
proposed highest use, such as for drinking water supply,
bathing and other recreational purposes, maintenance

and propagatlon of fish life, industrial and agricultural

uses, navigation and dlSpOBal of Wastes” {1880).

INTERSTATE SANITATION COMM!SS!ON

The information concerning the Interstate Sanitation
Commission that appeared in earlier printings of
WATER QUALITY CRITERIA is still unchanged
{1881).

The Tri-State Treaty Commlssmn was created in 1931
jointly by New York, New Jersey, and Conneecticut to
study the existing conditions of pollution of the harber
and coastal waters of the New York metropolitan area
and to recommend methods for the abatement of the pol-
lation. The Treaty Commission recommended the adop-
tion of the Tri-State Compact which established the In-
terstate Sanitation District and the Interstate Sanitation
Commission (135).

The compact, signed by New York and New Jersey in
1936 and by Conmeecticut in 1941, delimited the areas and
waters to be included within the distriet, defined two
classes of water, and enumerated the quality require-
ments of effluents to be discharged into waters of each
classification. The two pertinent articles of this compact
are reproduced below (1882):

¢ Article VI

1. It is recognized by the sigriatory States that, where
tidal waters are used for such varied purposes as bath-
ing, navigation, shellfish culiure, and the development
of fish life and the disposal of wastes, no single standard
of purity is practicable in all parts of the distriet. In
order to attain the objects of this compact, the commis-
sion, after proper study and after conducting public
hearings upon due notice, shall group the designated
waters of the distriet into classes. Where local conditions
shall have changed in the future to such an extent that
changes in elassification become necessary, the commis-
.sion may, after conducting public hearings upon due no-
tice, adopt such changes.

Two general classifications shall be used:

(1) Class “°A’’, in which the designated water areas
are expected to be used primarily for recrea-
tional purposes, shellfish culture or the develop-
ment of fish life;

(2) Class ‘““B”’, in which the designated water areas
are not expeeted to be used primarily for rec-
reational purposes, shellfish canlture or the de
velopment of fish life.”’

‘¢ Article VII

1. It is agreed between the signatory States that no
sewage or other pelluting matters shall be discharged or
permitted to flow into, or placed in, or permiited to fall

or move into tidal waters of the district, except under
the following conditions and restrictions:

(1) All sewage discharged or permitted to flow into
Class ‘““A’’ waters of the distriet shall first have
been treated so as—

(a) to remove all floating solids and at least sixty
per centum (60%) of the suspended solids;
and .

(b) to effect a reduction of organisms of the B.
eoli group {intestinal baeilli) so that the
probable number of such organisms shall not
exceed one per cubic centimeter in more than
fifty per centum (50%) of the samples of
sewage effluent tested by the partially con-
firmed test; provided, however, that in the
case of discharge into waters used primarily.
for bathing this bacterial siandard@ need not
be required except during the bathing season;
and

(e) to effect & reduction in the oxygen demand.
of the sewage effluent sufficient to maintain
an average dissolved oxygen content in the
tidal waters of the distriet and in the gen-
eral vicinity of the point of discharge of the
sewage into those waters, at a depth of about
five feet below the surface, of not less than
fifty per centum (50%)} saturation during
any week of the year.

(2} All sewage discharged or permitied to flow into
Class “*B’’ waters of the district shall first have
been so treated as—

{a) to remove all floating solids and at least ten
per centum (10%) of the suspended sclids, or
such additional percentage as may by reason
of loeal conditions be necessary to avoid the
formation of sludge deposits in the Class
“B’’ waters of the district; and

{b) to effect a reduction in the oxygen demand of
the sewage effluent sufficient {0 maintain an
average dissolved oxygen content in the tidal
waters of the district and in the general vi-
cinity of the point of discharge of the sewage
into those waters, at a depth of about five
feet below the surface, of not less than thirty
per centum (30%) saturation during any
week of the year.”’

Correspondence with the Commission indicated that in
recent months the Commission has placed more emphasis
on the abatement of industrial wastes. In order to clarify
the industrial-waste standards required by the Tri-State
Compact, the following requirements have been estab-
lished (1881):

 “Industrial Waste Standards Required by Tri-Sate Compact
1. Remove all floating matter such as oil, grease or
solids.
2. Remove settleabie solids so as to preveni the forma-
tion of sludge deposits along the shores or in the
waterways.

3. Remove toxic materials, eolor, taste or odors that
would interfere with the maintenance of fish life,




shellfish and marine life in waters designated Class
‘A’ or creates a condition in any District waters
which is obnoxious or caunses a huisance.

4. pH—No corrections or neutralization required un-
less it causes a eondition which violates one of the
preceding standards or creates a condition which is
obnoxicus or causes a nuisance.

5. Reduetion in oxygen demand sufficient to maintain .

an average dissolved oxygen content in the waters
of not less than 50 percent saturation during any
week of the year in Class ‘A’ waters and 30 pereent
saturation during any week of the year in Class ‘B’
waters.”’

It is to be noted that these are not new standards or
regelations, and have been issued only to re-emphasize
the requirements that have always been covered by the
original Compaet (1881},

It should be pointed out that Standard No. 3 is basie-
ally for Class ‘“ A’’ waters where certain materials might
interfere with maintenanee of fish life, shellfish, and
marine life, bui also wounld apply to “B’” waters if they
flow into and affect Class ““A’ waters. There is some
flexibility to these standards as may be found under No.
5. This standard allows a determination to be made of an
industrial plant on the basis of its location. For example,
if a plant discharges waste with a soluble BOD and the
water area into which it discharges has sufficient DO, no
reduction in the BOD would be necessary. However, in
an area with deficent DO, the industry would be required
to reduce the oxygen demand of its wastes, ( 1883)

KLAMATH RIVER COMPACT COMMISSION

In 1957, the Klamath River Basin Compact between
the States of Oregon and California ereated the Klamath
River Compact Commission. Artiele VII of the Compaet
states that, in order to aid in pollution abatement and
- eontrol, the Commission shall have the duty and power
““to cooperate with the states or agencies thereof or other
entities and with the United States for the purpose of
promoting effective laws and the adoption of effective
regulations for abatement and contro} of pollution of the
waters of the Klamath River Basin, and from time to
time to reeommend to the governments reasonable mini-
mum standards for the quality of such waters.

The basic data to support minimum water-quality
standards has been collected. However, the character of
development within the area and the existing water
quality has not required action by the Commission to
establish minimum requirements (1884),

MISSOURI BASIN ENGINEERING HEALTH.COUNC]I.

The Missouri Basin Engineering Health Council con-
sists of the chief sanitary engineers of the ten Basin
States (Colorado, Towa, Kansas, Minnesota, Missouri,
Montana, Nebraska, North Dakota, South Dakota, and
‘Wyoming) who meet yearly to diseuss eommon engi.neer—
ing health programs. As an organization, it is not

an interstate agency for adoption or administration of
water-pollution-eontrol laws (1885).

In 1952 this group adopted tentative objectives for
water-pollution-control programs in the Basin. The state
engineers recognize that the objectives are guides only
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and that changes in' conditions, particularly as they
affect water uses, may require modifications thereof. In-
1954, the Council reviewed and reaffirmed these objee-
tives, eliminating the quahﬁcatmn ‘‘tentative”’ (1886) '
The ObJthIVES are quoted in Appendix P.

NEW ENGLAND INTERSTATE WATER POLlUTION
CONTROL COMMISSION

Following a recommendation of the New England
Conference of State Sanitary Eungineers in 1946, the sev-
eral New England States negotiated a compact for the
control of pollution of interstate streams. The New Eng-
land Interstate Water Pollution Control Compact was
ratified by the States of Connecticut, Massachusetts, and
Rhode Island and approved by Congress. Since the erea-
tion of the Commission, New York, Vermont, New Hamp-
shire, and Maine have also become members. All eligible

.states are now members (1887). .

““The New England Interstate Water Pollution Con-
-trol Compaect is built around a classification of interstate
waters according to their highest use based on physical,
chemical and baecterial standards adopted by the Com-
mission. Under the Compact, each signatory State agrees
to submit elassifications of its interstate waters to the
Commission for approval, and then to establish programs
of treatment of sewage and industrial wastes to bring
about the improvements required to meet the approved
classifieations”’ (137).

The establishment of standards for water classification
has involved extensive studies. The former ‘‘Tentative
Plan for Classification of Water’’ has heen revised as
*“Classification and Standards of Quality for Interstate
Waters’” and appears in Table 3-8 (1887).

OHIO RIVER VAILEY WATER SANITATION
COMMISSION {ORSANCO)

The following material on ‘the Ohio River Valle,
Water Sanitation Commission has been taken from a
publication of the Commission (1888), which is rather
inclusive with respeet to water-quality eriteria.

““The Ohio River Valley Water Sanitation Commis-
sion, created by the Ohio River Valley Water Sanitation
Compact which became effective on June 30, 1948, is an
agency representing the states of THinois, Indiana, Ken-
tucky, New York, Ohio, Pennsylvania, Virginia and
West Virginia. The Commission is charged with the
responsibility of administering the provisions of the
Compact . . "7

This “‘Compact establishes basie standards for the
treatment of wastes and empowers the Commission to
supplement these standards. In addition, the Commis-
sion is empowered to preseribe and promulgate rales and
regulations for the enforcement of treatment standards
and for the administration of the provisions of the
Compact . . . Primary enforcement of regulatory eon-
irols is sought through the appropriate state regulatory
agencies . . .

““Compaet provisions—The express objeetive of the
Compact is to place and maintain the waters ¢f the Ohio
River basin-in a satisfactory sanitary condition, avail-
able for safe and satisfactory use as public and indus-
trial water supplies after reasonable treatment, suitable -
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other aquatie life, free from unsightly or malodorous
nuisances due to floating solids or sludge deposits, and
adaptable to such other vses as may be legitimate.

““The Compact contains the following guides and
speeifie-performance requirements regarding control of
waste discharges:

1. All sewage discharged to those portions of the Chio
River and its tributaries which form boundaries
between, or are contiguous to two or more signa-
tory states, or which flow from one signatory state
into another signatory state shall be so treated as
to ‘provide for substantially complete removal of
settleable solids and the removal of not lass tham
forty-five percent of the total suspended solids, and
to such higher degree as may be determined to be
necessary by the Commission after investigation,
due notice and hearing.

2. Al industrial wastes discharged to waters under

Compact jurisdiction shall be modified or treated,
in order to protect the public health or to preserve
the waters for other legitimate purposes, to such
degree as may be determined to be necessary by
the Commission after mvestlgatlon due notice and
hearing.

3. All sewage and industrial wastes discharged to
waters situated wholly within one state shall be
treated to that extent neecessary to maintain such
waters in a sanitary and satisfactory condition at
least equal to the condition of the waters of the
interstate stream immediately above the confluence.

““Water-Quality ob;eetwes-mAs a guide in establish-
ing sewage-treatment requirements and in evaluating
water-quality conditions, the Commission on April 4,
1951 -adopted objectives regarding the concentration of
coliform baeteria.”” These objeciives are presented. in
. -Appendix M.

“Sewage-treatment standards—The Commission, in
the exercise of the authority granted it by the Compact
has promulgated seven sewage-treatment standards, each
applying to a particnlar stretch of the Ohio River.”
These standards are also shown in Appendix M.

‘““‘Recommendations regarding pollution-abatement
needs for interstate tributaries—In ecooperation with
state agencies, the Commission has investigated pollu-

tion-abatement needs for the Wabash River between

Terre Haute, Indiana and Vineennes, Indiana and for
the West Fork and Monongahela Rivers between Wes-
ton, West Virginia and Pitisburgh, Pennsylvania. The
results of these investigations have not been transposed
into formal treatment standards, . but econeclusions
have been reached and recommendations made regarding
degrees of treatment needed in these areas to maintain
quality conditions that would be sceeptable from an
interstate point of view.’’ These conclusions and recom-
mendations are presented in Appendix M.

‘“‘Basic industrial-waste requirements—Minimum or
basic requirements for the treatment and conirol of
industrial wastes in the Compact District were promul-
gated on April 6, 1955. These requirements, designated

as TW-1, were derived from an interpretation of Com- -

paet provisions requiring that all waters are to be free

from unsightly or malodorous nuisances due to floating
solids or sludge deposits. On September 13, 1958, the
basic requirements were amended by the addition of
restrictions on the discharge of toxic substances.

*“The basic requirements were enunciated as part of
a statement of poliey and procedure regarding indus-
trial-waste control, which statement represents an agree-
ment on basic principles among the éight states signa-
tory to the Compaet and establishes the frame-work
within which additional waste-control measures are to’
be developed. Waste-control measures adopted in accord-
ance with this statement of policy and procedure may
be transposed into formal treatment standards when
fartherance of the objectives of the compact warrants
or requires.”’ The industrial-waste requirements (TW- 1)
and also Orsanco’s chloride-control resolutions appear in
Appendix M.

Publications by the Commission have been extensive,
They include the Annual Summaries, the Progress Re-
ports of the Aquatic Life Advisory Committee, the Phys-
iological (and other} Studies by the Kettering Labora-
tory on specifie pollutants mcludmg fluoride, lead,
chloride, phenol, common inorganic salts, copper, cad-
mium, iron, ¢yanide and thiocyanates, cresol, cobalt, and
a eomprehenswe evaluation of river- quahty condltlons
during a 16-week shutdown of upper Ohio River Valley
steel mills, as well as numerous artieles dealing with
aspects beyond the scope of WATER QUALITY CRI-
TERIA.

Many of the above reports terminate with recommen-
dations to the Commission regarding the specific pol-
Iutant invelved. Such recommendations are inecluded
hereinafter under the write-up of each pollutant.

POLLUTION CONTROL COUNCIL,
PACIFIC NORTHWEST AREA

This council is an informal organization of the sani-
tary engineers in direet charge of water-pollution-control
programs in Alaska, British Columbia, Idaho, Montana,
Oregon, and Washington, with representatlon of the
Canadian Department of National Health and Welfare
and the U. 8. Public Health Service. The group was or-
ganized in May 1949 for the purpose of standardizing
pollution-control activities in the Pacific Northwest area.
A number of committees were appointed, including a
Committee on Water Quality Objectives, which submit-
ted a report on 10 September 1952. The table of water-
quality objectives and minimum treatment requirements
contained in this report appears in Table 3-4.

The members of the Pollution Control Council were
reported to have used these water-quality objectives effec-
tively since their adoption in 1952, in earrying out their
individual pollution-control programs. In recent years,
Montana and Idaho bave formally adopted comparable
objectives to guide their state programs. Oregon and
‘Washington, together with the U. 8. Public Health Serv-
ice, have adopted an action program on the interstate
boundary waters of the Lower Columbia River in keep-
ing with these objectives. Similarly, Oregon and Wash-
ington have consistently aimed their programs at the
same goals,
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The Pollution Control Council, during 1959, reviewed
" these water-quality objectives and found them sound,
important, and of continuing value in conserving the
quality of the water resources of the Pacific Northwest.
The Counecil, at its October 1959 meeting in Portland,
Oregon, re-adopted the objectives for the purpose of
"bringing them wup to date and insuring their continued
use (1889).

TRE-STATE WATER COMMISSION

. A compaect among the States of Minnesota, North Da-

kota and South Dakota created the Tri-State Water
Commission. Although Congress approved the Compact
in 1938, the Commissior has bren inactive since 1953
and it is doubtful that it will funetion again as an or-
ganized group (1890).

WASHINGTON -METROPOLITAN REGIONAL
SANITARY BOARD

The Washington Metropolitan Regional Saritary
Board was organized on 16 July 1959, through efforts
initiated by the Water Supply and Pollution Abatement
Committee of the Washington Metropolitan Regional
Conference, a voluntary organization of elected repre-
sentatives of jurisdictioms in the region. These juris-
dietions include, in addition to Washington, D. C., the
Counties of Loudoun, Fairfax, Arlington, and Prince
William in Virginia, and Montgomery, Charles, and
Prince Georges in Maryland (1891).

This voluntary Conference, to which the Board is sub-
ordinated, has accepted water-quality objeetives (with
some minor differences) based on those promulgated by
the Interstate Commission on the Potomae River Basin
{1892). These objectives appear in Appendix K.
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CHAPTER IV

JUDICIAL EXPRESSION
By PAUL R. FREEMAN, B.A., LLB.*

The object of this chapter is to marshal the judicial
decisions that 1Hustrate the principles adopted by the
courts in the application and evaluation of water-quality
criteria to the solution of legal problems in the field of
water pollution. A brief resume of the research tech-
nigues followed may be of some value to the lay reader
in understanding how legal research is accomplished.

Broadly speaking, there are two general avenues of
examination employed in searching for the law on any
partieular subject. One is to search in indices, digests,
treatises, ete., for the subject matter under its topieal
arrangement. In some instances, it is the only approach
that ean be used. Every lawyer has a working familiarity
with the main topies, classifications, or titles of law that
are found in legal encyclopedias, digests, compilations,
and texts. He needs no assistance to help him find general
information on Contracts, Criminal Law, Vendor and
Purchaser, Corporations, Evidence, Code Pleading, Fish
and Game, ete.; but very often he is in a field that may
be related to or disecnssed in many eategories of the same
legal topic. Under such circumstances, the second
method, that of examining the cases in the subject field,
may furnish a better means for beginning a search. Sue.h
a method may not be available in all sitnations. Yet, it
has the peeunliar advantage that one need not stop to con-
sider what classifieation or topic to examine. Its use is
limited to instances where one can start with some par-
ticular decision bearing on the question he wishes to
investigate. Then, by citation reference, he can go di-
rectly to the volumes and pages of all the reports where
that case has been cited and find everything that the
courts have said about it. The later cases will tell whether
the case in question has been approved, disapproved, lim-
jted, distinguished, or in any way Weakenjad or over-
ruled. Very often by this process one can quickly gather
all the legal authorities needed. Then, by following these
authorities through the applieation of the prineciple of
the case, he can find the very decision sought. The foun-
tainhead of the law is the decision of the courts as con-
tained in the reported cases. Even the _e{ieets (_)f' the
statutory rules of law is dependent on judicial decisions.
Judicial decisions do two things: (a) they deeclare the
law on points not covered by the statute, and (b) they
determine by judicial comstruction of statutes, rules,
regulations, and administrative findings their ultimate
effect. . _

In this study the textbooks, digests, and legal eneyclo-
pedias were used not so much as a souree of information
in therselves, but rather as a means of finding the deei-
sions in which water pollution was a facet of the case.
1t is impossible in a review of this general character to
go into detail as to the precise method employed in

; Coun Counsel; County of Los Angeles ; cur-
'Fo;.g;xet%y Pljl)':.]::ltfltc%ngoAtttgmey, 34490 Wilshire Blvd.,, Los Angeles,
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searching for the cases in which there was judicial ex-
pression relative to eriteria for determining water qual-
ity»Suffice it to say, however, that an exhaustive search
was made not only of the most likely topies or subdivi-
sion of topiecs where cases dealing with water pollution
were cited, but in every place where there was a possi-
bility of a case in point having been digested or refer-
enced, and where there was a possibility that a ecross
reference might open a new avenue of research. Thus,
for example, many cases that were examined came to the
attention of the writer under such diverse headings and
classifications as Actions, Appeals, Courts, Costs, Com-
proinise, Criminal Law, Damages, Draing, Eminent Do-
main, Equity, Evidence, Fish, Parties, Navigable Waters,
Trial, Towns, Barters, Pleadings, Pollution, Negligence
and Nuisance, Health, Injunction, Limitation of Action,
Master and Servant, Mines, Landlord and Tenant, Judg-
ments, Munieipal, Corporation, Waters, Watercourse,
and Witness. -

While this review of legal deeisions is concerned pri-
marily with those cases in which the courts have con-
sidered . water-quality eriteria, keeping in mind the
ultimate objective of determining the validity of such
criteria through judicial aceeptance, it is nevertheless
necessary and appropriate fo ineclude briefly a sum-
marization of the legal prineiples that have been de-
veloped in water-pollution eases even though the gquality
of the water per se was not the issue in the ecase.

This summarization becomes apparent in view of the
fact that there has beéen mno significant case discovered
to date in which specific water-quality eriteria have been
discussed from the purely seientific approach. While the
criteria and standards promulgated have been discussed,
as will be seen, their reasonableness or seientific accuracy
as such has never alone been determinative of the legal
issues involved in the particular case. It is indeed a rare
situation when the litigation concerns itself only with
the quality of the water, since so many times the polluted
condition of the water is presumed to exist from the
extringic facts and the question for deeision is solely
whether the condition imposes a remediable sitvation in
one party and liability in the other.

It is recognized, moreover, that the aecuteness of the
water-pollution problem for any given area may be
measured in terms of the availability of water, and that
the attitudes of eourts and juries must certainly bé in-
flnenced by and reflect the abundanee or paucity of the
supply. Thus, subeonsciously, standards for decisions
that serve as guides for the judge or jury are formu-
lated, based on the existenee or non-existence of certain
rudimentary faetors, and these influences are translated
mto decisions in the tribunal, A brief review of the
cases in which such extrinsic factors have indirectly
affected the ontcome of a water-pollution case may aid




in a clearer understanding of the rules being sought and
will help possibly in reconciling the opposing positions
that courts in different jurisdietions have sometimes
taken.

Despite the examination of well over 1,200 eases deal-
ing with some aspect of water pollution, this writer is not
presumptuous enough to imply he has found every case
that -contained some expression of the court relative to
water-quality criteria or that all such cases have been
reported or cited herein. The principles developed by
the cases are comparatively few but their applications
are very numerous. The manner in which these prineiples
are applied ean only be learned through an examination
and comparison of judicial deeisions, It is the aim of this
chapter to bring these prineiples into focus, thereby aid-

.ing the reader in understanding some of the principles
that will be applied by the courts. Also, thereby, he will
be provided with some foreknowledge of the guestions
with which he may have to deal and methods needed to
assist the courts in finding the true rule of the case.

INDIRECT NON-TECHNICAL CRITERIA

Sections 1831 and 1832, California Code of Civil Pro-
cedure, state that direet evidence proves a fact without
inference, while indirect evidence, nsually termed cir-
cumstantial evidence, tends to establish one fact by prov-
ing another. People v. Goldstein (1956) 139 C.A. (2d)
146, 293 Pac. (2d) 495 contains an excellent delineation
of the difference between the two.

““The terms ‘indirect evidence’ and °cireumstantial
evidence’ are interchangeable and synonymous (18
Cal. Jur. 2d 434, Sec. 12). Direct evidence is that
which is applied to the fact to be proved, Immediately
and direetly, and without the aid of any intervening
faet or process: as where, on a trial for murder, a wit-
ness positively testifies he saw the aceused inflict the
mortal wound, or administer the poison. Circumstan-
tial evidence is that which is applied to the prineipal
fact, indirectly, or throngh the medium of other facts,
from which the prinecipal fact is inferred. The char-

acteristics of eircumstantial evidence, as distinguished -

from that which is direct, are, first, the existence and
presentation of one or more evidentiary faets; and,
seeond, a process of inference, by which these faets are
so connected with the faet sought, as to tend to produece
a persnasion of its trmuth (Burrill on Circumstantial
Evidence, 4, 5). An inference is a eonelusion as to the
existence of a material faet that a trier of fact may
properly draw from the existence of eertain primary
facts (Blank t. Coffin, 20 Cal. (2d) 457, 126 Pac. (2d)
868). Inferences drawn from physiecal faets amount to
cireumstantial evidence (MeCready v. Atlantie Coast
Line R. Co., 212 8.C. 449, 48 S.E. (2d) 193). It has
‘been said that circumstantial evidence, as distinguished
from direct evidence, is testimony not based on actual
personal knowledge or observation of the facts in
controversy, but of other facts from which deductions
are drawn, showing indirectly the faets sought to be
prm)red {Aday v. State, 28 Okla. Crim. 201, 230 Pac.
280).’

In the preponderance of eases dealing with water
pollution, the existence of a polluted body of water is

WATER QUALITY CRITERIA

65

established not by the imtroduction of direct evidence
as to its quality as determined by actual testing of the
chemical quality of the water but rather by the intro-
duetion of cirecumstantial evidence from which the in-
ference is made that the water must be polluted. In sev-
eral cases, this eircumstantial evidence relates to the
effect of the water upon fish, livestock, or even humans,
It might be reasoned, therefore, that such evidence rep-
resents a form of bio-assay, albeit not standardized.

In Albough v. Mt. Shasta Power Corporation (1937)
9 Cal (2d) 751, 73 Pac. (2d) 217, the circumstantial
evidence of the growth of weeds, the foul odor that
emanated from a pool, and the preference of cattle and
horses for other bodies of water were sufficient to eause
the jury to conclude that the water was in faet polluted.
This decision was reached despite the contrary evidence
of chemical analyses:

‘1t is true that appellant introduced more evidence
and new theories on the present {rials on the issue of
pollution than had been presented by it on the prior
trials. Two chemists were produced who testified that
from a chemiecal analysis the water in the pool was
fit to drink. Seores of photographs showing horses and
cattle apparently drinking from the pool after the
diversion were introduced. This, and other evidence
introduced by appellant on this issue, did nothing
more than ereate a eonflict in the evidence, which was
resolved by the jury contrary to appellant’s conten-
tions. There can be no doubt, in fact, appellant admits,
that the evidence thoroughly establishes that sinece
the diversion there has been a marked inerease in the
weed growth (and that) in the summer months the
pool has been eovered with weeds, slime, and meoss.

‘¢ Appellant eontends, however, that these conditions
were due not to the diversion but to many years of
subnormal run-off of Pit River. This argument is
necessarily predieted on appellant’s contention, al-
ready refuted, that before the diversion the Fall
River water did not mingle with the Pit River water
in the pool. The argument totally ignores the permis-
sible inference that the Fall River water fresheped
the pool. Considerable credible evidenece was intro-
duced that sinece the diversion foul odor has emanated
from the pool. Various witnesses for respondents testi-
fied as to the preference of cattle and horses for other
fresh and nonstagnant water. Several witnesses living
on the pool testified that in the years since the diver-
sion they have never seen cattle drink from the pool.
As already held on the prior appeals, the juries were
amply justified in inferring that these conditions were
caused by the diversion and the construction of the
dam, and that sueh changed conditions cansed a mate-
i‘.‘l&l depreemtlon in the market value of respondents’
ands . . .”’

Tn Knopp v. State (1936) 59 Okla. Cr. 143, 56 Pac.

(2d) 1193, the defendant was convicted of contaminating
a stream by placing, allowing, and causing to be run into
its waters, oil, cement cuttings, slush, and waste from an
oil well, and was sentenced to pay a fine of $200. In up-
holding the lower court, the Appellate Court stated:

‘“'fhere is evidence that the slush pits of this well
were permitted to overflow and ron into the stream,
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and that it became murky and muddy from such con-
tamination ; that sediment settled on the stones in the

* ereek; that numerous fish could be seen in the ereek
before this, and none after. This was ample proof of
pollution of the siream and the judgment is fully sus-
tained by the evidence . . . "’

In Conley et al. v. Amalgamated Sugar Co. (1953) T2
Jdaho 416, 263 Pae. (2d4) 705, an action by grocers
against a sugar-beet factory to recover damages to a
grocery business and building allegedly eaused by the
offensive odor of a ereek polluted by the factory, the cir-
cumstantial evidence was sufficient to sustain the trial
court’s finding that the groeers’ loss was due to the odor
of beet pulp. This finding was sustained despite the intro-
duetion of expert testimony to the contrary.

¢ _ Apellant ecounntered respondents’ evidence
with expert and lay testimony and documentary evi-
dence that no odor of beet pulp persisted or could per-
sist down the stream from where the waste produets of
appellant’s plant entered into Indian Creek, as far as
respondents’ store, and if odors emanated from the
Creek, they were from other sources entirely diseon-
nected from appellant’s business. Also, that the
amount of offensive effluent from appellant’s plant was
so small in proportion to the regular flow of the
Creek, sometimes one to 200 eubie feet per second, it
was so diluted that all offending odors therefrom were
Qissipated before reaching respondents’ place of busi-
ness. All this evidence merely created a confliet, re-
solved by the trial court against appellant . . . ”

Eckart v. City of Belleville (1938) 294 1. App. 144,
13 N.E. (2d) 641 involved an action brought by a farmer
to enjoin the city from polluting a creek adjacent to his
farm by diseharging raw and contaminated sewage
therein. The finding of a poltuted condition was predi-
eated on the existence of tubifex worms in the water and
on the fom! odor that emanated from the ereek. The
court stated:

¢ In November of the same year he (referring
to a sanitary engineer who had testified at the trial)
made another inspection and found that a quarter of

a mile south of septic tank No. 1, the creek was full of

suspended matter, heavy sludge deposits, and founl

odors, and that for a distance of approximately twenty
miles south of the tank, the water in the ereek was
dark and the stream was lined with tubifex worms.

Pubifex worms live only in polluted streams. Samples

of the water taken from the creek on this inspection

were present and exhibited at the trial of this case.

¢“Much contradictory testimony appears in this ree-
ord, and plaintiffs and their witnesses testifying to the
above foregoing conditions and the terrible effects
thereof on their homes and their comforts, and also
to the effect upon their livestock; the defendant’s wit-
nesses denying that such conditions exist.

tPhe defendant city has brought the record here
on appeal, assigning many errors, three only of which
are argued. The first is that the finding and judgment
of the court is against the manifest weight of the evi-
denee. A reference to this reeord at once meets this
objection. The evidence shows not only that the court

was warranted in the action that it took, but that the
conditions existing in the premises deseribed are most
shocking. The least that can be sald is that the testi-
mony raises a question of fact for the court who heard
the witnesses and saw them testify. A striking incident
appeared in this trial as it is described by the trial
court; that is, that one of the witnesses for the defend-
ant smelled and drank some of this water in court.
The court in its opinion says that this is true, but that
this witness did not impress the court either with his
“intelligence or his integrity. This but illustrates the
wisdom of the rule that the tribunal which first hears
the facts and hears them from the witnesses themselves
is in a better position to judge of the credit due such
witiesses than is an appellate tribunal which is only
concerned with the record. . .”

A rather humorous instance of testing by taste is re-
lated in the deeision in Town of Smithfield v. City of
Raleigh (1935) 207 No. Car. 597, 178 S.E. 114, in which
the court stated:

¢¢. . . Indeed, it seems that the trial judge subjected
the question to ‘trial by water,’ because the record dis-
closes that his Honor ‘had drunk of the water, bathed
in it, and suffered no ill effects.”” The ancient mode of
trial by water was aforetime deemed efficacious in de-
termining the guilt or innocence of witches and by
applying the practice of the ancient law the distin-
guished jurist has found the waters of the Leuse River
not guilty. . .”’

In Bumbarger v. Walker (1958) 393 Pa. 143, 142 A,
(2d) 171, (Supreme Court of Pennsylvania—May 26,
1958, Rehearing denied June 20, 1958), an action was
brought by a lower landowner against persons purport-
edly in charge of an open-pit mining operation on upper
Tand for damages for contamination of plaintiff’s spring.
The Court of Cornmon Pleas entered judgment for plain-
tiff against one of the defendants and he appealed. The
Supreme Court held that the evidence presented a ques-

tion for the jury as to whether contamination of plain-

tiff s spring was due to defendant’s action in discharging
drainage waters accompanying his mining operations
onto plaintiff’s land, or to some other cause for which
defendant was not résponsible. The judgment was af-
firmed for the plaintiff, the court stating:

‘. .. The plaintiff, Harvey Bumbarger, owns a
farm in Graham Township, Clearfield Gounty, which, -
until 1955, was enriched with a spring which supplied
all his domestic needs with pure potable water but
which, by October of that year became wholly useless
because of certain chemical infilirations which ren-
dered it unfit for drinking, cooking, or eleansing pur-
poses. The plaintiff’s wife testified that, after the
chemical invasion, the water made a precariovs bath-
ing agent because, ‘it would burn the skin off you
almost.” Allowing her a little latitude for over-zealous
exaggeration, there would still seem to be no doubt
from the record that the water underwent a drastie
transformation. Whereas originally it had a ‘good
taste,” it now became sour; whereas, before it was
odorless, it was now offensive in smell; whereas there-
tofore it flowed easily and innocuously through pipes




and fixtures, it now corroded and otherwise damaged
its copper, brass and lead containers.

‘A5 no change in nature’s manifestations occurs
without the intervention of some force, put into effect
either by man or cosmic energy, there had to be a
reason for the deterioration in Bumbarger’s spring.
Bumbarger contended that this deterioration, which
made it necessary for him to obtain water elsewhere
at considerable expense and ineonvenience, was due to
the discharging into his spring of drainage from an
open pit mining operation on an adjoining property
which was owned by one Albert Smith. He brought
suit against Ray 8. Walker and Robert Bailey, pur-
portedly in charge of the strip mining in guestion.
The jury returned a verdiet in favor of Bumbarger in
the sum of $10,000 against Ray S. Walker, but exon-
erated Robert Bailey from any liability in the prem-
ises.

“The deferdant maintains that even if, arguendo,
Bumbarger’s spring became unusable, it was not
proved conclusively that he was responsible for the
resulting damage since there were seven other mining
operations in the area: four deep mines and three open
pit mines. Walker maintains in this connection that
the jury was allowed fo guess as to which mine wag
responsible for the befouling muck which penetrated
Bumbarger’s spring. But this argument is refuted by
the size and content of the record which covers 450
printed pages. Landowners, chemists, civil engineers,
sanitary engineers, coal operators, pathologists, eoal
analysts and farmers testified to every possible phrase
of the controversy and it was for the jury to decide
whether the plaintiff met the burden of proof of show-
ing that the worm of corruption and contamination
in the spring, which at one time contributed to life,
health, and cleanliness on the Bumbarger farm but
which now generated only the germs of decomposition
and decay, got into the spring through the conduit
originating in the mine workings on the Smith lands.

“The jury’s verdict here established that the dam-
age was not necessary and was avoidable, and that it
was sufficiently obvious to have been foreseen and pre-
ventable by reasonable care and expenditure. Henee,

" ging a channel after the river has reached the sea.
Judgment affirmed.”’ '

In Klassen v. Central Kansas Coop. Creamery Asso-
ciation of Hillsboro (1946) 160 Kan. 697, 165 Pac. (2d)
601, an action was brought against a creamery associa-
tion that permitted waste produects to escape from its
plants and injure a farm tenant by polluting a stream
and underground water supply. In disposing of the de-
fense that no evidence of pollution had been introdueed,
the court stated:

any further discussion of the case would be like dig-
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water from these wells, that they died after the pol-
Tution came, and that after the rest of the stock be-
gan to use water from a different source the losses

stopped.”’
The case of Cartwright v. Stanolind Oil & Gas Com-

pany (1948) 200 Okla. 633, 198 Pae. (2d) 737 aptly
states the rule of cirenmstantial evidence:

“The plaintiffs, suing for damages to their land and
personalty allegedly resulting from oil and otber dele-
terious substances which defendant permitied to es-
cape from defendant’s adjoining land and flow over
plaintiffs land, had the burden of proving that the
0il and other substances were of such nature and
character as to cause damage, and also had the burden
of proving, in absence of proof that oil which escaped
was crude, that the oil was deleterious, and such bur-
den conld be sustained by proving effect of oil, and
the plaintiffs were not required to produce direct evi-
dence of identity or qualities of the oil and other
substances. . .

“In support of the assignment of the insufficiency
of the evidence to sustain the judgment, it is nrged
that it was incumbent upon the plaintiffs to prove
that the oil as well as any other substanees included
in the allegation were of such nature and character
as to cause the resulting damage. Also, that there is
no evidence of any substance escaping other than the
0il floating upon the water and that no chemical analy-
sis was made to show that the oil so floating was poi-
somous. There is cited 29 (.8, 1941 273, inhibiting
the escape of ‘erude oil or other deleterions substance.’
It is nrged that the statutory recognition of the dele-
terious character of oil applies only to erude oil and
that, since there is no proof that the oil which escaped
was crude oil, it ‘was incumbent upon plaintiffs to
prove that the oil was deleterious and that, independ-
ently thereof, there is no foundation for the jury’s
verdict other than conjecture.

“‘Tt i true that such burden rests upon the plain-
tiffs. But it does not necessarily follow it can be sus-
tained only by direet evidence of the identity or quali-
ties of the substance. Such is true because a cause may
be proven by the effect thereof. Such additional
rethod of proof is recognized in Prest-O-Lite Co. v.
Howery, 169 Okla. 408, 37 Pac. (2d) 303, as follows:
‘If it had been proved that at the time the injuries
were incurred there were poisonous or deleterious sub-
stances in the water, harmful to animal life, or if it
had heen proved that the animals and fowls died as
a result of drinking the water, a different situation
would prevail, but the failure to prove one of these
circumstances is fatal to plaintifi’s right of recov-

ery.-, ry .
In Rusch v. Phillips Petroleum Co. (1947) 163 Kan.

““Hogs and chickens do not die from drinking water . N
unless there is something the matter with it. I% is not 111*.,[1.80 1_'-;ac. (2d) 270, gn ietmrfl wzs brought aga(.iu%st
7 h : - eertain oil companies and others for damages eaused by
necessary that there be a chemical analysis as fo pollution of water. Proof of chemical analysis was not

whether the wafer Was polluted ¢ make a case go to necessary where other evidence showed that water was
the jury. There. i NECESS ; . .
jury. There. was ample evidence that the water injurious to livestock. The court stated: -

in the stream was polluted. . . What better proof : .
could there be than the fact that the stock had- not ““ Appellants contend there was mno evidence of a
died before the pollution came even though they-drank chenrical examination of the water in 1942, That is



68 : WATER QUALITY CRITERIA

true. It was not imperative that there should be proof
of . pollution by chemical analysis (Klassen v. Cream-
- ery Co., 160 Kan. 697, 165 Paec. (2d) 601). There was
evidence the water was tasted and found to be saliy
in 1942 and that the stock would not drink it; that
the stock drank some of the polluted water in 1943
and lost stated amounts of weight in 1942 and 1943.”’

. The case quoted Donley v. Amerada Petroleum Corp.
(1945) 152 Kan. 518, 106 Pac. (2d) 652: :

“It may, also, be noted, that appellees were not
obliged to exclude every possible source of pollution
after establishing facts from which it reasonably could
be inferred that appellants had polluted the stream.
The fact that appellants polluted the stream could, of
course, be shown by cirecumstantial evidence.”’

In Divelbiss v. Phillips Petroleum Company (1954)
272 S'W. (2d) 839, a Missouri case arising out of the
poisoning of plaintiff’s cows by drinking water allegedly
polluted by the defendant oil company, the existence of
poliution was determined in an unusnal manner:

*“On November 18, 1950, Mr. Divelbiss, Sr., and five
of his neighbors, who were also farmers, went to plain-
tiffs’ pasture. They saw dead frogs and minnows in
the branch. They dipped water from the branch at
several locations, Part of the sample taken was poured
out on the ground and ignited. Mr. Divelbiss and these
neighbors testified that they traced the oil and gasoline
to a pipe coming out from defendant’s pumping sta-
tion and emptying into an open ditch, which con-
nected with the branch running aeross plaintiffs’
pasture.’’

In Hillhouse v. City of Aurora (1958) 316 S.W. Pae.
(2d) 883, an action by a landowner against a Missouri
city for pollution of a stream because of the discharge
of efffluent from the city’s sewerage system, the quality
of the water was determined from the following testi-
mony of plaintiff’s witness:

€. . . that about 1946-47 the water in the creek
began to darken, a foul odor first became apparent
and fish disappeared from the stream; and that there-
after the water gradually. darkened in color until it
became black, grayish, slimy looking, and the odor
gradually became more pungent and offensive until it
was similar to a foilet . . .”’

Stekol v. Wilson (1952) 207 Okla. 456, 250 Pae. (2d)
454 was-an action for injuries to cattle allegedly caused
by drinking salt water produced by the defendants’ oil
well and permiited to run into the plaintiff’s ereek. The
court stated :

‘‘Defendants urge two propositions for reversal.
The first is that the court permitted inecompetent and
irrelevant evidence to be admitted; and second, that
the trial court erred in overruling the defendant’s de-
murrer to the evidence and motion for judgment. As
to defendants’ first proposition, plaintiff’s Exhibits
1 and 2, two three-ounce boitles of water, were ad-
mitted ; these bottles had labels on them showing their
-salt econtent, Plaintiff’s Exhibit 3 was a letter from the
Oklahoma State Health Department Burean of Labo-

ratories to A. 8. Booten, a veterinarian in Okemah,
signed by H. E. Maxey, Chemist, but unauthentieated
in any way, which gave the chemical analysis of the
contents of the two three-ounce bottles. In our opinion
it was error for the trial court to admit these exhibits
without testimony by the chemist, but we think that
this error was harmless in view of the other evidence
-offered by the plaintiff, which in our opinion was suf-
ficient to authorize the trial court to overrule a de-
murrer to the evidence. It was unquestioned that the
well of the defendant Stekell produced a little more
than ten gallons of salt water every second. The plain-
tifi’s evidence showed that this salt water seeped into
the only stream of water on plaintiff’s land from
which the eattle could drink, and also that in times of
high water large quantities of salt water flowed into
this siream. There was also testimony by a veter-
inarian that the caitle of the plaintiff had sustained
injuries and that the injuries were the result of drink-
ing salt water, and other witnesses testified that the
only salt water available came from the well of de-
fendant Stekoll and that defendant Stekoll had not
used proper methods to prevent the salt water from
escaping.’’

In two Oklahoma cases, the court was unwilling to
accept the circumstantial evidence as decisive and ruled
in favor of the defendants:

““Defendants contend that there is mno evidence
whatever tending to show pollution of the ‘north well.’
In this connection plaintiff testified that his hogs and
chickens drank the water from that well and a number
of them were killed and others were injured. There
was other evidence to the effect that the water from
the well had a ‘queer’ taste. It also appeared that a
bottle of the water was introduced in evidepce and
examined by the jury but no evidence was introduced
by the plaintiff showing an analysis of the water;

~ therefore, neither the jury nor this court was informed
as to the nature of the claimed pollution of thé water.
An exzamination of all the evidence on this point, to-
gether with all the conclusions reasonably deducible
therefrom, fails to disclose any evidence to the effect

- that the north well was in fact polluted. What we have
said in discussing the question of eausal conneetion in
relation to the south well is likewise applicable here.
In this connection the plaintiff points out the prox-
imity of a pond in the vieinity of the north well but it-
does not appear that a pond contained polluted water
or that any pollutive substance escaped therefrom into
the fresh water strata which supplied plaintiff’s well.”’
Shell Petrolenm Corporation v. Blubaugh (1940) 187
Okla. 198, 102 Pac. (2d) 163.

““The . . . conclusion of the witnesses that the salt
water destroyed the fish and timber was based entirely
on the assumption that the salt content was sufficient
to bring about that result. That assumption was wholly
without foundation in aectnal experience of the wit-
nesses, or knowledge of the salt content of the water,
and without the aid of visible effects peculiarly associ-
ated with salt water damage that would in some
acceptable degree disiingumish the asserted ecsnse of
destruction from any number of other possible causes.




““The mere fact that water tasted salty will not sup-
port an inference of evidential verity that dead fish
found in such water, and dead trees near by were de-
stroyed as a result of the salt content of the water.
Nor will the courts take judieial notice that such result
will follow. Shell Petroleum Corp. v. Worley 185 Okla.
265, 91 Pac. (2d4) 679, 680.”

In Tyrrell-Combest Realty Co. v. Adams (1927) Tex.
Civ. 291 S.W. 252, the Texas conrt rejected the theory
of circumstantial evidence as determinative of the con-
dition of the water. In its decision the court stated:

" ¢“Whether water is contaminated with impurities,
or contains ingredients rendering it hurtful, and may-
be dangerous to the human system, and unfit for
domestic use, 1f used continuously, is a matter for
scientific investigation and analysis, and cannot be eor-
- rectly determined other than by such scientifie investi-
gations as will disclose its elements and their effect
when used for the purposes in guestion or by such con-
tinued use as will demonstrate its safe and suitable
adaptability to same, or the eontrary.”’

SCIENTIFIC EVIDENCE

Scientific evidence is a non-technical term sometimes
used to refer to evidence produced by the use of expert
seientifie techniques and experimental methods, A con-
siderable body of case law has been built up in which
there has been expressed approval of eertain techniques,
eriticism of others, and expression of a need for a more
extensive reliance on such evidence.

Evidence of experiments and scientific tests is usually
produced and offered in court by an expert witness. The
following cases are illustrative of tbe inclination of the
eourts to accept scientific testimony as controlling the
outcome of the litigation : o

Commonwealth of Kentucky v. 4. & H. Cattle Co.
{1950) 312 Ky. 314, 227 S.W. (2d4) 420:

““The testimony of Drs. Gibbs and Lyen that in
their opinion the effluent entering the river from the
drain wonld pollute the water three miles down strear
and after flowing over two dams was not ineompetent,
but it had noe probative value in view of the three
chemical analyses of the water just mentioned, all of
which show there was no pollution of the water. This
case is much like City of Durham v. Eno Cotton Mills,

- 141 N.C. 615, 54 8.BE. 453 7T LR.A, N8 321, where
the court said, on page 328, that it would have been
an easy matter for the city to have shown by a chemi-
cal or baeteriological analysis of the water at the in-
take whether or not it had been polluted by sewage
and waste material deposited in the stream at de-
fendant’s mill. Instead of so doing, the city eontented
itself with introducing several physicians and two lay-
men who gave their opinions that the water was pol-
luted at the intake, just as the Commonwealth did in
the case at bar, and the North Carolina Court said
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drinking polluted watei' in whieh the scientific evidence
of the pollution was damaging to the defendant:

““A sample of the water which drained into plain-
tiff’s fresh water pond was taken at a point on the
drain several feet from its entranee into the lake. This’
sample was submitted to Dr, V. G. Heller, chemist at
the A & M College at Stillwater, and his report of its
analysis was made by letter to the plaintiff in the fol-
lowing language: ’

‘<A partial analysis of the sample of water sub-
mitted for you by Judge Simcoe reveals that the water
is slightly alkaline having a pIl of 7.4. The total
amount of soluble solids present amounts to 59,858
p-p-m. The chioride content of the soluble material
caleulated as sodium chloride amounts to 55,600 p.p.m.
A considerable part of this ehloride is present as cal-
cium chloride.’ '

“Omn eross examination with reference to this report
of hizs analysis the following gquestions and answers
appear:

Q. Well, you testified on direct examination did
you not that some of this water was harmful to cattle?
A. Yes, sir.

“ Q. Why did you conclude it was harmful to
cattle? A. Our experiments show if a4 cow would drink
a water such as this containing 58,000 p.p.m., it wonld
kill her, undoubtedly.’” *’

Nash & Windfohr v. Edens (1937) Tex. Civ. App. 109

SW. (2d) 496:

““An action for damages caused by alleged seepage
of salt water from stream used by plaintiff for irriga-
tion purposes and allegedly polluted by defendants,
evidence respecting alleged seepage of salt water
through the soil, destroying plaintiff’s peean trees,
without any showing as to salt content of water at any
time, was insufficient to authorize recovery.

. .. Furthermore, we desire to say that we do not
believe the evidence introduneed for the purpose of
establishing the faet that salt water in this ereek
seeped through the soil and soaked into appellee’s
lands and killed his pecan irees is sufficient to raise
such an issue. No effort was made to show that the salt
water overfiowed the banks of the stream and covered
the goil over the roots of these trees. And no effort was
made to show the salt content in the water at any time,
and we are of opinion that under such eireumstances a
mere layman, such as is appellee, cannot give, as his
opinion, a statement that salty water flowing along or
standing in a stream aetually soaks into the soil for a
distance of from 10 to 40 feet in sufficient quantities to
kill a pecan tree, and thereby raise an issue of fact as
to the death of such pecan trees from the salt
water . . ."’

In a recent Oklahoma case, Burge v. Sunray (il Cor-

such testimony was of little value where the fact in poration (1954) 269 Pac. (2d) 782, livestock raisers

dispute ecould have bee certained acearatel brought an action against a manufaecturer of petroleum
S cifntiﬁe analys?s gf th;lv?;t or o carately by a products to recover for damages to land and livestock

] ’ because of the polution of a stream with allegedly poi-
Hoke v. Sun 0il Co. {1946) 197 OkLla. 261, 169 Pac. sonons chemicals. The Distriet Court entered judgment

(2d) 753, an action for injury to livestock caumsed by adverse to the manufacturer, and the manufacturer ap-
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pealéd. The Supreme Court held that the evidence was lost one cow in 1949 from Bangs disease, and that
insufficient to sustain a verdiet for the livestock raisers. cattle abort from many eauses other than the drmkmg

The Court relied heavily and based its judgment primar- of polluted water.
ily on the seientific evidenee. ““Where evidence fails to establish with reasonable

Iy sogipe . certainty that damage resulted from some aet of com-
Although plaintiffs allege that defendant in the mission or omission by a defendant so charged, or that

sueh acts resulted in the damage or injury complained
of, a verdicet and judgment thereon is not sustained by
sufficient evidenee and is therefore contrary to law.’”

In Magnolia Petroleum Company v. Glen A. Stinson
(1957) 230 Miss. 533, 93 So. (2d) 815, an action against
an upstream oil-well operator for damage to sheep, cattle,
and pasture from the alleged pollution of a creek, the
court relied eompletely on expert testimony as to the
quality of the water.

“0). U. Walling, chemist at State College, testified
that he received a bottle containing a liquid content
from Doctor Peters on April 28, 1954, The breakdown
of his analysis was as follows:

““Well, I found it to be essentially a solution of
sodium dihydrogen phosphate. 1 found 24.20% sodiom
dihydrogen phosphate in the water. That was based
on the determination of the phosphate. The pH of the
water was 5.2, which is indicative of a slightly acidie
eondition, and it had a specific gravity of approxi-
mately 1.223 which, of course, would indicate quite a
bit of dissolved substances in it. I found phosphorus
present and when expressing the (phosphorus) as
P20; it analyzes 14.32% and (as) sodium dihydrogen
phosphate it becomes 24.20%.’

““When asked if the chemicals, shown by his analy-
gis, were the chemicals used in drilling muds, he said
that he could not be certain, but ‘I know that a com-
pound of salt is used to bring up the gravity of the
mud. Whether this is always used, or commmonly used,
I could not say.” He said that the specific gravity of
the water was 1.223 and was indieative of a high con-
centration in the water. He said that most any com-
pound of salt in excessive amounts is toxic. When
asked if the contents, which he found, would be poi-
sonous to sheep, he did not wish to pose as an expert
on that question. However, when counsel for the de-
fendant asked if he would say that this was in exces-
sive amounts, he replied, ‘In my opinion, it is.’

e . ‘Q. Now doctor, if the drinking water in a
stream contained a pH of 5.2, indieative of a slightly
acid eondition, and had a speeiﬁc gravity of approxi-
mately 1.223, "which was indicative that there was
guite a bit of dissolved substance in the water, and
the phosphorus as P,0;, which analyzed, is 14.32, of
(sodium) dihydrogen phosphate, it becomes 24.20% if
consumed by sheep, in your opinion, wounld it be fatal
in the event that the sheep drank this and later died?
A. That, of course, would depend on the amount that
they drank. Ruminants ordinarily drink great volumes
of water. I should think yes, it’s perfectly capable of
causing death. Q. Assnme that there were approxi-
mately one hundred sheep in the herd, heavy burdened
with lambs, which were almost ready to be born, and
they consnmed the same contents and the same water,
and later all aborted, now do you have an opinion as
to whether the water they drank eontaining the sub-

operation of its refinery used chemicals and substances
that were harmful to animals, which substances de-
fendant permitted to drain into Cow Creek, plaintiffs
offered no evidence to support this allegation. On the
contrary, the proof is without contradiction that the
refinery maintained pits for impounding its effluent
water so that by a proeess of oxidation the sulfides and
sulfates would become free sulphur, which in the latter
state, when commingled with the flowing water in Cow
and Beaver Creeks, would not be injurious to live-
stock. Furthermore, the evidence discloses that the
bad odor of the streams was attributable to organic
matter in the raw sewage, and not from any chemiecal
eontent in the water. The evidence is further without
contradiction that enormous amounts of oil field brine
from producing wells within the watershed below de-
fendant’s refinery contaminafed the waters in these
two streams, as has been indicated by reference to the
evidence, supra.

‘¢ Although the witnesses Crawford and Sparks, the
Game Rangers, had taken samples of water coming
from the defendant’s refinery as it entered Cow Creek,
plaintiffs made no proof of the chemical contents
thereof.

““Tha Chief Chemist of the defendant, as well as Dr.
Heller, of A & M College, discloses that various sam-
ples of water taken from Cow Creek below the refinery,
had substantial guantities of sodinm chloride (eommon
salt) but did not econtain any other chemicals in suf-
ficient quantities to be harmful or injurious or toxic to
livestock.

““If the evidence thus produced by plaintiffs may be
said to raise an inference or presumptmn that the de-
fendant’s efluent waters resulted in harmful pollution
of the streams, then with like force it may be said the
evidence that raw sewage in the streams also raises an
inference or presumption that organic matter was the
cause of plaintiffs’ complaint. Likewise, the evidence
with equal foree presenis an inference or presumption
that the pollution of the streams was oceasioned by oil
producing wells making salt brine which drained into
the streams.

““The fact that defendant s effluent water drained
into Cow Creek, standing alone, does not creafe an
inference that the water contained poisonous elements
injurious to livestock. In view of the further evidence
that defendant impounded its effiuent water in pits
until the sulfides and sulfates therein by a process of
oxidation beeame free sulphur, wholly fails to sustain
plaintiffs’ contention that the refinery water resulted
in the injury to plaintiffs’ livestock when it passed
through the stream on plaintiffs’ farm twenty-five
miles below the refinery. Furthermore, the evidence of
the chemist stands uncontradieted that the water com-
ing from the defendant’s refinery did not contain any
chemical properties injurious to livestock. Further-
more, plaintiffs’ own evidence is to the effect that they




stances that I have set out, would be the cause of their
sborting?  A. In my opinion, ‘it certainly would be,
because one of the thmgs that we learned early in
medicine, is tha.t acid is abortive. That would be true,

it Would seem.’
. For the defense William G. Spence, a chemist

mth the Game and Fish Commission, in charge of .

water pollution, testified that he checked the water for
its aeid and alkaline condition on February 22, 1952
At that time it was normal. He said that he made an

examination of material in a sack at Stinson’s milk

barn and found it on the acid side. He examined
the location at the McShane No. 1 well and found it
stoppy. He saw a couple of sacks containing material
that appeared to he caustic. There was a number of
empty sacks around the place in the mud. In the pits
he found a conglomeration of mud and water. He did
not test the pH of the pits. While he did not go around
the pits on all sides, he saw that the little pit had
sloshed over at the end at the time of his visit. He ran
a pH on the sacks that locked to be caustie, and said
that whether this substance, washing down stream for
half a mile, would have a pH of more than 7 wounld
depend on the amount of the water with which it was
mixed and the amount of the substance. He, of course,
could nof say that the contents of the other sacks had
not washed down the stream before his visit.”’ '

T. H. McCasland v. Debert Burton {1956} 292 Pae.
(2d) 896, an Oklahoma case, involved an action by a
land.-surface owner against the owners of an oil and gas
lease on a portion of land for damages allegedly suffered
by the eseape of salt water from an oil well on the lease,
which water was allegedly drunk by plaintiff’s eattle and
caunsed death and abortions of sueh cattle. The judgment
was for the plaintiff.

““The gist of defendants’ arguments is that the evi-
dence is insufficient to show by a preponderance there-
of, that the salt water which coneededly escaped from
the salt water pits on their lease was the proximate
cause of the death of four of plaintiff’s eattle that died
and the abortions that seven others suffered. Their
counsel say that, in order to sustain the verdiet, it must
be assumed : First, that the water eseaping from the
pits contained sufficient amcurt of salt to be injurious
to cattle; and, Second, that if such water was so in-
jurious, the livestock drank sufficient of it to cause the
deaths and abortions.

“‘Ag to the gquestion involved in the first of the
claimed assumptions, the uneconiradicted evidence
shows that plaintiff, in the company of Dr. Ryan, a
veterinarian, took samples of water from the salt water
pit on the premises and delivered one of them to Jack
Womack, Sanitarian of the Stephens County Health

Department, who in turn, mailed it to Mr. A. @. .

Maxey, Assistant State Chemist of the State Health
Department at Oklahoma City, to be analyzed. Mr.
Maxey testified that this sample eontained 7.09% of
‘ealenlated” salt, or 7.09 pounds of salt to every twelve
gallons of water, and that such salt content was exces-
sive for drinking purposes. Dr. Ryan, who was called
by plaintiff to examine his cattle, stated that they were
definitely sick and emaeiated and had diarrhea. He
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further testified that he believed it had been proven
that ‘3.3 to about 61 pounds of salt (to 12 gallons of
water) is a fatal dose to a cow. . . .” He further tes-
tified that a eow drinks 10 to 15 gallons of water per
day, and that in his opinion, if a cow should drink as
much as 7.09 pounds of salt in 12 gallons of water ‘she
would die.” He further testified that he was familiar
with the symptoms of salt water poisoning in ecatile,
deseribed what they are, and then answered, in the
affirmative, the question: ‘Did you see any of Mr. Bur-
ton’s cows that had any of those symptoms$’ "’

The mecessity for secientifie analysis of the suspect
water was disecussed in Pure Oil Company v. Renton
{1952) Sup. Ct. of Okla. 248 Pac. (2d) 580. This was an
aetion by Johnston Renton, and wife, against the Pure
01l Company, for the pollution of a stream. The Superior
Court, Seminole County, entered judgment for plaintiffs
and defendant appealed. The Supreme Conrt held that
evidence was insufficient to support award of damages
that eould properly be measured only by depreciation in
usable value of realty. The deeisive question urged by
the defendant is that the evidence was insuffieient to sup-
port the judgment of the court. This contention was sus-
tained by the Appellate Court,

‘“While plaintiffs and other witnesses testified
that the water in the creek was salt(y) and the evi-
dence showed that a considerable amount of salt water
per day was dumped into the creek by defendant,
there was no analysis of the water and the only evi-
denee produeced by plaintiffs as to its effect on livestock
was the testimony of plaintiff, Johnston Renton, that
two years before, and while the salt water easement
was in effeet, two of his cattle had died from drinking
salt water, and his further testimony that it would kill
hig hogs if he . . . (let them have) access to it.”’

The need for expert testimony and evidence based on
scientific data was again expressed in Reynolds Metal
Co. v. Ball (1950) Sup. Ct. of Ark. $4-9108, 232 8. 'W.
{2d) 441. Fred H. Ball brought an action against the
Reynolds Metal Company to recover damages for injury
to his land alleged to have been caused by deposits of
sediment eontaining poisonous substance from defend-
ant’s plant. The Circuit Court, Saline County, entered
judgment for the plaintiff, and the defendant appealed.
The Supreme Court held that the evidence was insuffi-
cient to sustain the verdiet, but that the circumstances
justified remanding the case for a new trial

. Defendant Reynolds denied that any substan-
tial amount of the sediment came from its plant, and
also denied that any poisonous or harmful substances
whatever were allowed to flow from its plant into the
ereek at any time. Reynolds introdueed the testimony

. of expert witnesses, chemists who stated that they had
analyzed the chemical eontent of the sediment and
found nothing in it that would be poisonous or other-
wise harmful to vegetation, apart from the obvious
effect of choking the vegetation out by covering it up.
Plaintiff introdweed no expert evidenece as to the
chemical content of the sediment. The plaintiff and
some of his witnesses gave their opinions that the
sediment was .poisonons, but these were unscientifie
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statements of lay opinion, based on observations from
which it might also have been concluded that the vege-
tation was merely choked out. Substantial proof that
the sediment included chemical constitnents that were
poisonous to vegetation was lacking.

‘“We are forced to conclude that the record does not
contain substantial evidence that Reynolds discharged
from its plant into the ereek deleterious or poisonous
substances which caused the damage of which plaintiff
complains, The judgment based upon the jury’s ver-
diet in the Cireuit Court must therefore be reversed.”’

Dohany v. City of Birmingham et al. (1942) 301 Mich.
30, 2 N'W. (2d) 907, was a suit to enjoin the city from
discharging raw sewage into a watercourse crossing the
plaintiff’s land ountside the eity. The evidence was held
to establish the plaintiff’s right to a permanent injune-
tion against the continuance of the nuisance by the city.

‘“‘Some six months after the dam and pumping
station were put into operation plaintiff obtained
.samples of the sewage discharged across his land.
These samples were taken each week for a period of
12 consecutive weeks during the months of April, May
and June. The samples were analyzed and brought
into court as evidence. Three different chemists testi-
fied that these samples contained all of the usnal ele-
ments of sewage,—abundant ehlorides, hydrogen sul-
phide, active bacilli eoli, ammonia and insoluble golids.
At that time human exerement was still being depos-
ited on plaintiff’s land. The stench continued and was
such that a nearby resident was at times, eompelled to
keep the windows of his house closed.”’

REJECTION OF STANDARDS ON EXPERT TESTIMONY

‘While there have been no significant cases discovered
in which the courts have scen fit to reject standards that
have been promulgated through appropriate legislative
actions, there have been some cases in which the courts
have at least indieated that they are not bound by the

" testimony of the experts. They may, if they see fit, draw
their own conclusions where there is a eonflict in the
testimony, and, influentially, aecept non-expert tosti-
mony as the rule in the case.

Hiwnstrative of such a situation is the Texas case of .

Barakis v. American Cyanamid Co. (1958) 161 ¥. Supp.
25. It was brought by a tenant of land abutting on a
river and leased from the county water-control district
against an upstream owner discharging industrial wastes
into the river. The evidence failed to establish any dam-
ages to crops attributed to the eflnent from the defend-
ant’s plant despite expert testimony. The eourt stated:

‘‘“The preponderance of the evidence does not show
that the water flowing by the plaintifi’s tract was
essentially useless for irrigation. The analysis of the
content of the Trinity River at the plaintiff’s pump
gite as introduced in evidence by the plaintiff was
approximately 1,500 parts per million of sodium. The
testimony of Dr. Gray, plaintiff’s expert witness from
Midwestern University, was to the effeet that this
content was not so high ‘as to cause him to condemn
the water for irrigation purpeses on that basis. He
condemned the water because its Soluble Sodium Per-

centage (8.8.P.) was in excess of 60% and he stated
that the standard of 60% was obtained by him from
the Handbook published by the Riverside California
Experimental Station. However, his testimony did not
establish that this was an essential standard by which
irrigation waters generally might be judged. The testi-
mony of Dr. Edward Stiber established that water of
& much higher sodivm content and with a much higher
8.8.P. was being used suceessfully, eommercially, in
the Rio Grande Valley, and also both the Brazos and
Bosgue Rivers. Mr. Valentine of the Dalworth Soil
Conservation Distriet, a witness for plaintiff, testified
that he, in his official capacity, started getting com-
plaints about the irrigation waters of the Trinity
River in 1956, For over 12 years the defendant had
been discharging its effluent into the River and Mr.
Valentine had heard no complaints. His testimony that
it was not customary to even test the waters of the
Trinity River would indicate that the effluent dis-
charge had not made the waters of the Trinity un-
suitable for irrigation.

““The testimony of plaintiff’s witness, Leonard
Lamp, of the Texas Game, Fish and Oyster Commis-
sion, made it evident that the Commission was aware
of the gituation that existed in and along the Trinity
River during the period in question. His testimony
further showed that the Commission had been diligent
in the prosecution of salt water pollution cases. How-
ever, it is to be noted that the Commission had taken
no aetion against the defendant for the pollution of
the Trinity River. Witness Lamp did not purport to
know anything about agricultural pollution, and his
testimony cannot be interpreted as anthority for the
proposition that the waters of the Trinity River were
then, or are now, unfit for irrigation.

““The uncontroverted faei that plant growth along
the banks of the River and down to the edge of the
water was dense and luxnriant is evidence that the
water of the River had no serious deleterious effect
upon plant life generally. Plaintiff Barakis’ testimony
that he pumped water from the River and onto his
‘land many times without suspecting any detrimental
gualities is convineing that the water was no more
polluted or eontaminated or less suited to the ordinary
domestic needs, including irrigation, than is the water
of most any stream similarly sitnated in Texas.”’

Thompson v. Globe Aireraft Corporation (1947} Tex.
Civ. 203 8W. (2d) 865 relaied an aection by B. G.
Thompson against the Globe Aireraft Corporation for
death and injury to the plaintiff’s cows allegedly eansed .
by chromie-acid poisoning because of defendant’s alleged
negligence in causing the creek on. plaintiff’s land to
become pollnted with chromie acid. From an adverse
jadgment, the defendant appealed. The court was un-
willing o base its reversal on the failure to show that
there was insnfficient evidence of quantity of chromie
acid in the water but preferred to find other grounds to
reverse and remand the cause for a new trial.

“First, it is argued that the ecourt should have in-

structed a verdict for defendant because there was no
. testimony showing that there was sufficient chromie
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acid in the waters of the creek to cause injury to plain-
tiff’s cattle. Plaintiff undoubtedly tried the case in the
court below, and still contends here, that his catile
began to suffer injury from the pollution of the ereek
within a short time after he moved onto the leased
land in April of 1944. A sample of water was taken
from the ereek in April of 1945 and other samples
were taken in June and later in the summer of that
year. Those samples were analyzed by chemists, and
found to contain chromic acid. The least chromic acid
content shown by the analyses was 7.8 parts of acid
to one million parts of water, the greatest content
was 31 parts of aeid to one million parts of water.
Some of the expert witnesses testified that chromie
acid was poisonous, but none of them testified as to
the amount of acid which would be required to render
the water injurious to the cattle. In other words, there
is no expert testimony that water with chromic acid
content of the amount shown by the chemical analyses
would be injurious to eattle. Opposed to defendant’s
argument is the theory advanced by plaintiff to the
effect that the poisonous nature of the poilated water
may reesonably be inferred from the known fact that
chromic acid was in the water, from the faet that the
cattle suffered injury, and from the fact that the evi-
dence excludes the hikelihood of injury from any other
canse. Since we have concluded that the judgment of
the trial eourt must be reversed for other reasons, and
since the proof may not be the same on another trial,
we shall forego further discussion of this question ex-
cept to say that we are unwilling, in view of the entire
record, to render judgment for defendant on this
ground.”’

Where the injurious effect npon soil and plant life of
excess salt in water overflowing land is known, where
the evidence shows that salt water actually overflowed
the land, where the plaintiff’s analysis of the soil and
water showed the presence of excess sali, where lay ex-
perts testified to the observable effect of excess salt and
deseribed that effect ag present, and where no other
cause or reason for the loss of fertility of the soil was
advanced, it was held that plaintiff had introduced sufii-
cient evidenee to justify submitting the issue to the jury
{Magnolia Petrolenm Co. v. Norton (1942) 189 Okla.
166, 116 Pac. (2d) 893) :

““Qiven the admitted fact that excess salt produces
such conditions, and barring the fact that a ‘lay-
expert’ made an examination from which he was guali-
fied to express an opinion, the jury was in as good
position as the ‘lay-expert’ witness to draw a eonclu-

sion whether the excess salt (if they believed it pres- -

ent) caused the injuries. We do not believe this is an

instance where a so-called technical expert, scientifie

expert, Wigmore, supra, vol. 2, page 635, sec. 556, was
required. It is well known, and the parties all assume,
that the presence of salt in water and soil above tested
levels is injurious to plant life. Bach party had an
analysis of the soil and water made, and the report
of plaintiff’s analyst showed far more than encugh salt
to injure plant life. The lay-experts did not qualify
themselves to give more than their observation of the

effect of salt on soil and plant life. Having proved the -

presence of salt in injurious proportions, plus the ad-
mitted fact of its injurious effect in such proportions,
plus the deseription of the soil and plant life by com-
petent observers, there was no necessity for the use
of a technical expert. This is especially so where the
defendant did not resort to the evidence of technieal
experts to aseribe the loss of the fertility of the soil
to any other cause. This is not applicable to the trees.
Defendant did introdmee an expert witness who
ascribed the death of the trees to borers.”

The rule that a conflict in the evidence presents a fae-
tual problem for determination is succinctly stated in
Burr v. Adam Eidemiller, Inc. (1956) 386 Pa. 416, 126
A. (2d) 403. Tt involved an action in irespass against a
road construction company for damages arising eut of’
subterranean contamination of plaintiffs’ water supply.
The court stated : :

¢¢The plaintiffs introduced evidence by a chemist to
the effect that the acid condition of the water was the
cause of the destruction of the heating and plumbing
system owned by the plaintiffs as well as the loss of
the use of their sewage system. While the defendant
offered evidenece to the contrary this was an issue of
fact for the jury to determine which was resolved in

- the plaintiffs’ favor.”’

Hutchinson v. Rock Island Qil and Refining Co. (1953)
208 Okla. 259, 255 Pac. (2d) 234 was an action to recover
damages for the loss of livestock alleged to have resulted
from the drinking of polluted water out of Cow Creek.
The plaintiffs, owners of the stock, contended that the
injury and resulting damages arose out of the defend-
ants’ operation of some oil refineries located several miles
south of the plaintiffs Iand. Judgment for- the plaintiff
was affirmed in spite of the defendants apparently expert
evidence.

“Defendants then introduced the deposition of V. G.
Heller, Professor of Biological Chemistry at the Okla--
homa A & M College. He testified that H. M. Marney
mailed him two samples of water ; one taken from Cow
Creek and the other from the well on the Mize farm on
Feb. 3, 1949, and from these samples he found and so
advised Mr. Marney as follows:

¢« ¢ geriously doubt if it would be advantageous to
make a quantitative determination of the exact amount
of inorganic materials present so long as we know the
total amount would not be injurious. I think the only
chemical analysis that is going to help you is to find
when there are sulfides or similar compounds present
that are truly toxie. We can certify to the bad physieal
appearance, bad odor, and to the unsavory flavor, but
we have to admit that there is none of the usual oil
field brines, acids, or alkalies present in toxic guan-
tities. In your waters we are dealing with a different
type of material. The total amount of dissolved mate-
rials present would definitely not be toxic to either
man or animal. The amount of salts present are in the
form of sodium chloride, calcium chloride, or mag-
nesinm chloride, so often found in oil well brines and
which are poisonous in large quantities either to plants
or animals, is not present in your water. Neither do we
find the presence of alkalies as are sometimes found
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about refineries or do we find any free acid, so from
the standpoint of all these normally discussed mate-
rials in waters, I think you would have no case for
damages.” ’’

COLIFORM BACTERIA AS EVIDENCE
OF FECAL POLLUTION

The decisions are numerous in which the eourts have
found that the presence of coliform organisms in water
is evidenee of its polluted eondition. A few such cases are
cited and quoted to illustrate the courts’ line of thought.

Board of Health of the State of Maryland v. Edward
J. Crew (1957) 212 Md. 229, 129 A. (2d) 115:

“‘The testimony showed that the order to Crew to
discontinue the use of his well was issued after Dr.
Gordon had determined, and the Health Department
agreed, that a danger to health existed in the use of a
private well in the Willoughby Beach area. Dr. Gordon
explained that sewage from septie tanks and cesspools
has to be purified by seeping through the ground. A
soil that thus purifies the sewage gradually becomes
contaminated itself, no longer acts as a purifier. The
rate of absorption and the value of the soil as a purifier
vary with the nature of the soil. Crew had testified the
soil on his place was clay for a depth of seven or eight
feet under several feet of top soil. A Health Depart-
ment witness had tested the soil on a place adjoining
Crew’s and found it clay, with poor absorptive powers.
Dr. Gordon’s testimony was that since a clay soil will
not absorb sewage, it does not aet as a purifying agent
and that wells in an area where the soil is clay are
likely to become contaminated. An entire area may be-
eome contaminated and the contamination may reach
any or all of the wells of the area, particularly where
the wells are shallow. Dr. Gordon would fix ne definite
time as to when this contamination might ocenur but
said, in essence, that it conld be the next day, the next
week or next year. ‘A well is considered to be contami-
nated when baeteria called coliform organisms, derived
from warm blooded animals, including man, are found
in the water. Dysentery can result from such organ-
isms as well as typhoid fever.’ ”’

Looney v. Panther. Coal Co. (1946) 185 Va. 758, 40
8. . (2d)-298 described an action for the pollution of
& stream by a lower riparian owner against an upper
riparian owner engaged in ceal mining. The judement
for the plaintiff was reversed, for it was shown that the
plaintiff’s wells, rather than the stream, were the object
of pollution:

““The testimony for the defendant was in sharp eon-
flict with that for the plaintiff. That testimony was to
the effect that the trouble with plaintif’s sawmill was
old age and improper care and operation; that stock
would drink out of the branch; that soap would lather
in the water from the well, and that the water would
wash clothes clean, and would make good tea, and
would not turn black when beiled, and that rice
cooked in it would not turn black, as claimed. Experi-
ments were made before the jury to show that these

- things were true, and the results of some of the experi-

ments are before us as original exhibits. Water was-

brought from the wells during the trial, tasted by four
witnesses, all of whom testified that so far as taste,
look, and smell, were concerned, it was good drinking
water. These witnesses included J. &. Burch, health
officer of the county, who said that so far as taste was
concerned this water was above the average of what he
was used to drinking in the county . ..

" “It is not surprising, therefore, that when the
plaintiff s wife had this water from the wells analyzed
by J. G. Bureh, s sanitation officer for the State Health
Department, and a witness for the defendant, as noted
above, he found the water in both wells badly polluted
with B-coli bacteria and unfit and vnsafe for use.”’

Borough of Westville v. Whitney Home Builders,
Ine. (1956) 40 N..J. Sup. Ct. 62, 122 A. (2d) 233 was a
case Involving an action by the borough against a house
builder -and town to enjoin the operation of a sewage-
treatment plant discharging effluent into a stream that
ran into a pond which was in the borough recreational
park and which was used for fishing, skating, and wad-
ing. The Superior Court, 32 N. J. 538, 108 A. (2d) 660,
entered judgment denying injunective relief, and the
borough appealed. The Superior Court, Appellate Divi-
sion, held that evidenee on the issue of reasonable use
of waters did not make denial of injunective relief er-
roneous. The judgment was affirmed :

‘“Water pollution is generally measured in impor-
tant degree in terms of bacteria count and index of
coliform micro-organisms (B-coli), the latter reflecting
the degree of animal (including human) excrement.
Analysis of the waters of the ditch and pond by an
expert for defendants prior to the econsiruction of the
plant, on July 27, 1954, showed ‘gross pollution’ at
points above and below the proposed site of the sew-
age plant and in the pond, in terms both of bacteria
and B-coli. The measure of dissolved oxygen at the
mouth of the pond was 1.9 parts per million in July,
1954, an indication of the beginning of putrefaction.
All the witnesses testified that the polluted condition
of the ditch and pond stemmed from the normal float-
age .of impurities on surface waters in such a semi-
urban area.

““Tests made April 7, 1955, after three months of
operation of the plant, showed a bacteria count for the
effluent vastly lower than for the water at various loca-
tions in the stream and pond, and this was also true as
to the B-coli index. Substantially similar results were
indicated by analysis of samples taken May 16, 1955,
and also by analyses made by one of the expert chem-
ists, Corson, who testified for plaintiff. There were in-
dications that the chlorine in the effluent had the bene-
ficial effect of redueing the bacteria count of the
stream for some distance below the point of discharge.

‘‘The analysis of the effluent also showed a lower
(more favorable) B.0O.D. (04 P.P.M. as compared
with the Incodel mazimum of 50.0) than in the sam-
ples from the waterecourse, in diteh and pond. The
remainder of the chemical-analyses of the efluent made
by defendants’ expert chemist showed what he de-
seribed as goed, or very good, eonditions, in compari-
son with treated sewage effluent, generally. The
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amount of residual solids was such as to lead him to
deseribe the effluent as ‘rather dilute.’

<t Plaintiff’s experts, Boyd, a sanitary engineer,
and Corson, a chemist in the public health field, testi-
fied that some disease-bearing viruses or organisms
found in human feces might survive the effect of the
chlorination and ireatment of the average sewage

plant. Polio, hepatitis and typhoid were cited as ex-

amples. Neither of these experts was a bacteriologist.
Corson coneeded it would occur ‘extremely infre-
quently.” Boyd admitted that on the basis of the
amount of residual chlorine in the efffuent, the possi-
bility of escape of harmful bacteria was remote, and
that he did not consider himself ‘an expert on viruses.’
Lanning testified he considered the survival of harm-

ful baeteria of fecal origin in the effiuent as highly

improbable.

“The only other tangible, rather than psychologieal,
objection advanced by plaintiff was to the possibilities
of odor or stench. There was some evidence that when
the plant operates at full capacity and there is simul-
taneconsly a period of low natural flow in the ditch,
the volume of efftuent may be expected to exceed that
of the natural stream flow. Corson stated that at such
times there would be stench in the pond, attributable
to depletion of dissolved oxygen in the sewage. But
this is seen o be without warrant, in view of the un-
challenged results of the tests made by defendants’
chemist, Beltz, which showed the effluent to have sub-
stantially lowered B.0.D. than the waters of the stream
and pond and quite similar proportions of dissolved
oxygen. Boyd offered a different thesis for prognosti-

_cating an ‘odor of decay.’ It was that the chemieals
n the effluent would cause ‘lushness of vegetation’ in
the pond and that such vegetation would ‘smell” in
dry periods. Both Beliz and Lanning testified there
would not be inereased plant growth. The evidence is
that there generally is considerable plant life in the
pond in summer and that no odors have ever emanated
therefrom. The conclusion of the trial eourt that the
evidence of potential odors from vegetation or putrese-
ence is speculative seems to us a fair characterization,
on the present record.”

Board of Health of the State of New Jersey v. Borough
. of Vineland (1906) 72 N.J. Eq. 289, 65 A. 174:

‘I eoli are found to exist in eonsiderable numbers
the conditions are believed to be eonducive to the prop-
agation of pathogenie organisms. The coli are, in them-
selves, harmless, and the number that may safely exist
in water are not entirely certain, one thousand eoli to
the eubie centimeter is believed to disclose a dangerous
condition of the water.”’

City of New York v. Blum (1913) 208 N.Y. 337, 101
N.E. 869
¢“Mhe presence of colon bacilli in water indicates the
presence of fecal matter from warm-blooded animals
and renders the water unwholesome and unfit for
human consumption.”’

Hamilton v. Madison Water Co. (1917) 116 Me. 157,
100 A. 659: :

¢ . showed 30 colon bacilli to the ounce, while
the samples taken at the mouth of Getchell Brook
showed 300 to the ounee. This high percentage did not
of itself signify the presence of typhoid germs, but of
the existence of a large guantity of sewage. Colon
bacilli are normally present in the intestines while
the typhoid germ is a parasite. The presence of a
large quantity of colon bacilli in water indicates there-
fore sewage pollution, and naturally the greater the
percentage the greater likelihood of the existence of
the typhoid germ.”’

Pennsylvania Railroad Co. et al. v. Lizncoln Trust Co.
Administrator (1929) 91 Ind. App. 28, 167 N.E. 721:

¢ several samples of water were taken and
found to contain gas formers and colon bacilli, the
bacteria eount being 2,700 colonies per cubie centi-
meter; the presence of colon bacilli indicated sewage
pollution ; the greater the bacterial count, the greater
the danger from typhoid baeilli.”

John Wiesner, Jr. v. City of Albany (1928) 250 N.Y.
551, 116 N.E. 320:

“‘The presence of colon bacilli in water indicates
contamination from human sources. Many types are
harmless in the sense that they do not furnish the
origin of the disease. The typhoid bacilli (seientifically
known as ‘B-typhosus’) are the well recogmized cause
of typhoid fever. While they are difficult of isolation
they belong to the colon groups, and the presence of
colon bacilli in the water indicates that there is grave
danger that the typhoid bacilli are also present; and
this becomes a practical certainty when there is an
outbreak of typhoid fever, not directly traceable to
other sources of infection.”

Highly signmificant was the affirmed ruling for the
plaintiff in People v. City of Los Angeles (1948) 83
Cal. App. (2d) 627, 189 Pac. (2d) 489, 335 U. 8. 852,
93 I.. E. 400, 69 8. C. 80, which restrained the city from
maintaining sewers without permits from the State Board
of Public Health, part of which stated:

““The quality of water along the beach was not safe
and suitable for bathing purposes as a result of such
discharge and the bacterial count of escherichia coli
had exceeded 10 per cubic centimeter.”

Mary Hayes v. Torrington Water Co. {1914) 88 Conn.
609,92 A_406:

¢ that laboratory examination of the Crystal
Lake water, made while the epidemic was in progress,
diselosed a persistent appearance of colon baeilli, mdi-
cating the possibility that the water was infeeted with
typhoid germs also.”’ :

A significant case oceurred in Mayor and Aldermen of
Jersey City v. Jersey City Water Supply Co. (1918) 90
N.J. Eq. 14, 105 A. 494, in which the court held that
on review consideration of new evidence was not possible,
for the court cannot wait for the latest of scientific de-
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velopments. In speaking of the evidence that was not
accepted the court stated:

““This evidence is that since the trial, bacteriologists
have discovered that a bacillus known as B. welchii, if
present in water in considerable numbers, is produe-
tive of intestinal disorders; that this bacillus has re-
cently been found in the Jersey City water . ..”’

The foregoing cases illustrate judicial acceptance of
the sanitary bacteriologists’ use of coliform organisms as
indieators of fecal contamination. One exception, how-
ever, occurred in People v. Bowen (1941) 376 Il. 317,
33 N.E. (2d) 587. Here Bowen, the Director of the De-
partment of Public Welfare of the State of Illinois, was
indicted and found guilty by the trial court of palpable
omission of duty for failing to take proper measures to
render drinking water at a state hospital safe. As a re-
sult, an epidemic of typhoid fever resulted with much
illness and many deaths. On appeal, the Supreme Court
+ of Illinois, reversed the decision and stated :

‘. . . the most that can be said for any of the 158
exhibits, is that jt showed the water to be either posi-
tive or negative as to coli acrogenes. It appears from
the record that coli aerogenes or eolon bacillus may be
friendly or inimical, and that the mere presence of the
colon bacillus in water proves exactly nothing as far as
typhoid fever is concerned. The tests seem to have
been made by a method of broth fermentation, and
determined nothing more that the presence or absence
of some kind of colon bacillus. It further appears that
this type of bacillus is present in the air one breathes,
mn milk, on fruits and practically everywhere.

4. .. It is further apparent that colon bacillus may
be of the fecal or non-fecal types and that so far as
typhoid is concerned, it is only the fecal type from
man alone (not frem animals) that ean spread the dis-
ease. The typhoid bacillus could not possibly have been
identified by the Laboratory means used in any of
these reports and none of them is of any value to the
People in an attempt to prove the guilt of the defend-
ant . .. :

‘“. . . Even if these reports were of any probative
value they would necessarily tend to disprove, rather
than prove, a case against the defendant. The water
from these wells was consumed by all inhabitants of
Manteno for more than eight years prior to this epi-
demie. This test over a period of eight years, if looked
upon as a laboratory experiment, would go a long way
toward proving that the water actually was safe for
human consumption, because there is no evidence of
any abnormal condition as to typhoid oecurring dur-
ing that period of time . ..’ :

It is interesting to note that, among the advances of
the past decade, certain pathogenic forms of the coliform
group of organisms have been identified. See Chapter
V1il, Coliform Bacteria. Such late progress, however,
would not eonstitute sufficient grounds for reopening the
IMlinois case cited above.

JUDICIAL NOTICE

Under the doetrine of judicial notice, certain matters
are assumed to be indisputably true and the formal in-

troduction of evidence to prove them is mot required.
Judieial notice is thus a substitute for formal proof (9
Wigmore on Evidence, See. 2565 et seq). This method
of deciding questions of fact was in current use in the
English Common Law Courts and today the increasing
tendency of the judges to recognize the significance of
various types of facts demonstrates that they are striving
to keep pace with the rapidly growing complexity of
problems with which they have to deal. Thus, the doe-
trine that matters of common knowledge, in addition to
matters recognized at common law, need not be proved
before the court has found application in a variety of
situations.

The application of the principle was early seen in an
action in which the plaintiff-landowner sought an injune-
tion to prevent the discharge of effiuent into a stream
which crossed the plaintiff’s land. The court stated in
%&Eeslg. Village of Dwight (1894) 150 T1. 273, 37

.E. 218:

““Despite witnesses’ testimony that in their opinion
the proposed discharge of sewage would not have the
affect of materially polluting the stream, the court
held that little weight is to be given to the testimony
of witnesses who attempt to swear contrary to known
and established natural laws. That the sewage of a
village of 1600 inhabitants, discharged into a small
stream will materially pollute the waters of the stream
and render it unfit for domestic use, for at least a few
rods below the point of discharge, is a proposition too
plain and too thoroughly verified by ordinary experi-
ence and observation o admit of reasonable doubt.”’

In Kent v. Shell Petroleum Corporation (1940) 187
Okla. 637, 105 Paec. (2d) 230, the plaintiff sought to re-
cover damages for alleged pollution to his water supply
by reason of the defendant’s pollution of a ereek which
traversed the farm. From an adverse judgment the de-
fendant appealed. In the decision affirming the judg-
ment of the lower eourt, the Appellate Court stated:

‘“A portion of our opinion in Oklahoma City v.
Page, 153 Okla. 285, 6 Pac. (2d) 1033, clearly demon-
strates the fallacy of confusing the character of a
stream’s contamination in regard to permanency with
the character of the injuries resulting therefrom.
Fromw the judieial pronouncements referred to it will
also be noted that a stream may be considered ‘per-

manently’ polluted from a legal standpoint, when
neither the condition itself nor the injuries flowing
therefrom are everlasting in character. To deny that a
stream once regarded as permanently poluted ean
thereafter become relatively pure is to disregard the
operation of natural forees. It is only reasonahble that
when the proportion of fresh water to salt water in a
polluted stream increases (whether from a curtail-
ment of the flow of salt water or an .increase in the
flow of fresh water into it) the aggregate body of
water therein becomes more suitable for drinking pur-
poses. There is evidence in the present case which tends
to show that this is what was oceurring in Black Bear
Creek during a period that may be variously esti-
mated at from several months to three or four years
preceding July, 1935, so that by the latter date, some
of the farmers living along the stream in the vicinity




of plaintiff’s farm were using it for watering their
livestock. For the reasons we have mentioned, the evi-
dence cited by defense counsel showing that the stream
was polluted for several years before this transforma-
tion cannot be considered fatal to the plaintiffs’ cause
of action for damages they sustained when its salt
water content again became so great that it was once
mote harmful to animals drinking therefrom.”’

In an Alabama case involving a proceeding to resirain
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elimination is an absolute necessity if mining is to con-
tinue and, yet, its elimination by discharging it into
streams and creeks grievously affects lower riparian
owners along these streams and creeks, and, in some
instances, the public. Waters which have their source
in a coal mine, of necessity, contain deleterious sub-
stances as a result of contaet with the ecoal and its
various chemieal compounds. Any mine water—that is,
water which eomes from a mine-—upon discharge into
a stream deteriorates and destroys, in varying degrees,

the pollution of a stream resulting from a guarrying op-
eration, the court took judicial notice of the economic
factors involved.

the purity and cleanliness of the natural waters of
the stream.’”’

¢ ‘The eourt will take notice of the fact that in the
development of the mineral interests in this state, re-
eently made, very large sums of money have been in-
vested. The utilization of these ores, which must be
washed before using, neecessitates, in some measures,
the placing of sediment where it may flow into streams
. which eonstitute the natural drainage of the section
where the ore banks are situated. This must cause a
deposit of sediment on the lands below ; and while this
invasion of the rights of the lower riparian owner may
produce injury, entitling him to redress, the great
public interests and benefits to flow from the conver-
sion of these ores into pig metal should not be lost
sight of.’ .

‘“We approve the following principle extracted
from Sanderson v. Pennsylvania Coal Co., 86 Pa. 401,
27 Am. St. Rep. 7T11: ‘The exigencies of the great in-
dustrial interests must be kept standing in view; the
property of large and useful interests should not be
hampered or hindered for frivolous or trifling eauses.
Por slight ineonveniences or occasional annoyances,
they ought not to be held responsible, and, in dealing
with such complaints, juries should be held with a
steady hand.’ >’ Montgomery Limestone Co. v. Bear-
den (1951) 256 Ala. 269, 54 So. (2d) 571.

The Texas Court in Rudeo 011 & Gas Co. v. Lemasters

The ability of a veterinarian to testify as to salt con-
dition of water through having tasted it was a matter of
judicial knowledge in Greis v. Mitchell (1939) 185 Okla.
136, 90 Pac. (2d) 894. The court stated:

““Complaint is also made of the admission of an
identified bottle of salt water from the creek because
the degree of salt therein was not definitely shown.
The eomplaint goes to the probative force of the evi-
dence which was for the jury and not to the admissi-
bility thereof which would have presented a question
of law for the court. We apprehend that a veteri-
narian familiar with salt water and its effeet on stock
can by taste determine with a reasonable degree of cer-
tainty whether the water is sufficiently saturated to
cause injury or death to stock. Testimony to that ef-
fect was presented in this case.”’

The rapid growth of technical knowledge in so many
branches of water pollution has removed many factnal
sitnations from the realm of judicial knowledge, and
thus we see a reluctance on the part of the judiciary to
rely on the convenient expedieney of judicial knowledge

- where other persuasive and more technical evidence is

available. Thus in Christensen v. Northern States Power
Co. of Wisconsin (1946) 222 Min. 474, 256 N.W. (2d)
659, the court rejected the theory of judicial notice.

““The real question presented for decision is whether

(1940) Tex. Civ. App., 146 S.'W. (2d) 806, pp. 811 took
judicial notice of the polluting potential of refinery
wastes,

there is sufficient evidence that either the electrical.
current, or the dynamite killed the fish. The testimony

. f*As to the point that the eourt should have in-
strueted a verdict because ‘there was no evidence to
show that the oil, gasoline, waste material and drip
oil was of such character and content as would infliet
the damage to plaintiff’s property complained of’
there certainly was evidence tending to show that
damage was inflicted from such eause which neces-
sarily includes evidence of the damaging character-
isties of such smbstances.

‘‘Besides, we think we must take judicial knowledge
that oil, waste material (from a refinery), drip eil or
gasoline may pollute water used for domestiec pur-
poses and damage land.’’

Daniels v. Bethlehem Mines Corporation. (1958) 391

was that the iez was nnder such pressure that it had
sheared off one of the three steel supports of the
tower and that for a period of four seconds electricity
may have discharged into the tower. It is the claim of
plaintiff that the eleetricity escaped into the water
and killed the fish in the Iake. However, the record is
silent on the effect this might have had. Any conclu-
sion a jury would reach would be mere conjecture and
could not be sustained. No ecnnection as cause between
the alleged escape of electricity and the death of the
fish is established. What effect, if any, the electrieity
would have is a matier of which this court cannot take
judicial notice, for the simple reason that it is not a
matter of common knowledge.”

In State v. Heller (1937) 123 Counn. 492, 196 A 337,
the eourt distingnished the factual situations in which
it eould take judicial notice.

‘““While the established secientific fact that water
can serve as a carrier of disease germs to one drinking
. is one within judicial notice (State v. Morse, 84

Pa. 195, 137 A. (2d) 304, is illustrative of the court
taking judicial rotice in a situation invelving the guality
of water flowing from mines: : ‘

" ¢““In the coal mining industry, whether in the an-
thracite or bituminous field, the elimination of water
from the mines presents a very serious problem. Tis
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Vi. 387, 80 A. 189, 194, 34 L.R.A, N.8, 190, Ann.
Cas. 1913B, 218), what the conditions essential to the
destraction of such germs in water of a flowing stream
may be, is not. But, aside from this, the tendency of
such pollution to produce public injury, even though
no actual injury occurs, affords ground sufficient to
sustain the Legislature’s act. State v. Wheeler, supra,
44 N.J.L. 88, 92; Dunham v. New Britain, 55 Conn.
378, 384, 11 A. 354. Upon the record before us we
caunot hold that bathing in a tributary of a reservoir
might not have such a tendency to endanger the health
of users of the water that the Legislature might not
reasonably prohibit it. It is our conelusion that the
statute by its terms is not of such broad scope that it
fails fo bear a rational relation to the protection of
the public health, thus eonstituting an unreasonable
exercise of the police power.”’

In De Garza v. Magnolia Petroleum Co. (1937) Tex.
Civ. App., 107 S'W. (2d) 1078, the court said:

‘‘Furthermore, this court dees not know judieially
that salt water is poisonous or harmful to cattle. It
oceurs to us it would depend on the amount of salt
in the water. The evidence shows that the tank had
twenty-ihree times as much salt at one time, as it had
previously had, but this does pot establish the fact
that the water was poisonous or harmful to the cattle.
The fact that the ecattle did not like the salt water
proves nothing; from the evidence, they must have
lived on the water for some six months.”’

To the same effect, see Shell Petroleum Corp. v. Worley
(1939) 185 Okla. 265, 91 Pac. (2d) 679 cited herein-
before under ‘‘Indirect Non-Technieal Criteria.”’

It becomes apparent from a reading of the cases, how-
ever, that when complex scientific information is neeces-
sary or available, the courts are not reluctant to diseard
the vehicle of judicial notice. The increasing frequency
with which eourts resort to other sources for faetual
information rather than to their own impressions is very
reassuring. In addition to pointing up the recognition
by the eourts themselves of the limitations of this method
of proof, the use of technical data lends encouragement
to the faet that, as scientific techniques for the detection
and prevention of pollution are improved and additional
criteria. for determining water guality are established,
the outeome of litigation will be more predictable with
a greater degree of certainty. Such use is certainly to be
preferred rather than subservience to the economic and
social philesophy of the court where it may have been
eompelled to act from a minimal factual situation, rely-
ing on its own partieular knowledge or lack of knowledge.

EXPERIMENTAL EVIDENCE

The principal use of experimental evidenee is in the
testing of theories of the case by the performance of
controlled experiments out of court followed by an expert
testifying as to the results. The experiment is thus merely
the basis of the expert testimony as to the facts and
opinions, and demonstrative evidence is only incidentally
involved, as where the expert offers in evidence physical
objects connected with the experiment. (See generally
McCormick on Evidence, p. 359; 2 Wigmore, Sections

441 et seq.; 2 Belli, Sections 179 et seq.) Since experi-
ments may be conducted under dissimilar conditions and
often without notice to the other side, the courts have
a broad discretion to admit or exclude experimental
evidence.

In Southland Co. v. Aaron (1954) 221 Miss. 59, 72 S.
(2d) 161, an action for damages sustained by the plain-
tiff as a result of pollution by the defendants of the
waters of a creek, the testimony of the expert who had
collected samples of the water was shown to have some
weaknesses,

*“J. B. Price, of the Chemistry Department of Mill-
saps College, testified that he bad collected a sample
of the water in McGill’s Branch, at a point below the
refinery, and samples of the water in Boguehoma
Creek, above and below the month of McGill’s Branch.
The sample taken from MeGill’s Branch showed 114
parts per million of sodium chloride. The sample taken
from Boguehoma Creek, a short distance above the
mouth of MecGill’s Branch, showed 1510 parts per
million of sodium chloride, and the sample taken from
the creek just below the land owned by the plaintiffs
showed 1368 parts per million of sodium chloride. The
witness stated that he did not, observe the presence of
any petroleum products in MeGill’s Branch or in
Boguehoma Creek. He saw no evidence of oil deposits
on the roots of trees on Dr. Copeland’s land, which
adjoined the land of the plaintiffs. He admitted, how-
ever, that the samples of water that he had taken were
taken below the surface, and that oil would not go
down and mix with water.”’

It should be pointed out, however, that the require-
ment is not always that of identity of condition to
establish the validity of the experiment but in some
cases only substantial similarity is necessary (to wit see
Pickens v. Harrison (1952) 151 Tex. 562, 252 S.W, (2d)
575).

CONSTITUTIONALITY OF CRITERIA ESTABLISHED
' THROUGH LEGISLATION

The courts have uniformly held that the abatement
and prevention of water pollution is a matter of state
concern, and legislation designed to regunlate and con-
irol such pollution is within the scope of the state’s
police power. City of Utica v. Water Pollution Control
Board (1959) 5 N.Y. (2d) 164, 156 N.E. (24) 301.

The problem has been considered primarily from the
standpoint of how far siate legislation can go without
violating the prohibitions in the Federal (onstitution
against arbiirary and unreasonable classification of all
persons and things. From the legal standpoint there ap-
pears to be no constitutional limitation that would pre-
vent a satisfactory solution. 1t has been well settled that
any provision of a statute or ordinance regulating a
nmisance, such as a pollution nuisance, is valid insofar
as the due process elause of the 14th Amendment of the
United States Constitution is concerned, if it is reason-
ably necessary for the acecomplishment of the purpose
and for the public welfare generally, and if it is not
unduly oppressive nor arbitrarily interferes with private
business or imposes unusual or unnecessary restrictions
upon a lawful business.
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Tt becomes largely a question of fact as to whether or
not the regulations and standards are reasonable. No
hard and fast rule can be established for all cases. It
depends upon the facts and circumstances of each case.
A law is not invalid solely because it may put a particu-
lar establishment out of business or reguire the expendi-
ture of large sums of money to comply with the terms
of the law. In some situations it amounts to a weighing
of the advantages and disadvantages although the doe-
trine is not placed on that ground. A slight inconven-
ience to the public will not justify an unnecessary de-
struction of property rights.

. To some extent and particularly in the case of private

nuisance, the rule is based on the maxim of jurispru-
dence as stated in the California Civil Code, Sec. 3514:
““One must so use his own rights as not to infringe upon
the rights of another.”’

The rule of law is apily stated in City of Huntington
v. State Water Commission (1953) 137 'W. Va. 786, 78
S.E. (2d) 833. In this action the City of Huntington
brought proceedings against the State Water Commis-
sion to review an order of the commission reguiring the
city to cease and desist from polluting certain rivers.
The Cireuit Court entered judgment dismissing the pro-
ceeding, and the eity brought error. The Supreme Court
of Appeals held that the evidence sustained the finding
that the waters of these rivers were polluted by un-
treated sewage of the city in violation of the aect creating
the eommission. The judgment was affirmed, the court
stating as follows: . .

““The uncontradicted evidence introduced at the
hearing held by the Commission, on August 15, 1949,
-¢clearly shows that the waters of the Guyandotte River
and the Ohio River are polluted by untreated sewage
from the City of Huntington which is discharged and
flows into those streams; and the finding to that effect
by the Commission is neither arbitrary nor in exeess
of its statutory powers. The findings of the Commis-
sion is expressly authorized by Section 6, Article 11,
Chapter 16, 1931, as amended by Chapter 6, Section
6, Acts of the Tepislature, 1933, Regular Session,
which provides, in part that: ¢ After a full hearing the
commission shall make its findings of facts, and if it
finds that any person is polluting any of the waters
of the state, it shall make and enter an order directing
such person to cease such pollution and such person
shall have thirty days after notice of the entry of
such final order to notify the commission that ke will
comply therewith or will install, use and operate some
practieal and reasonable system or means which will
reduce, control or eliminate or reduce to a harmless
minimum snch pollution, having regard for the rights
and interests of all persons eoncerned.’

““The question of the forece and the effect of an
order of an administrative board or iribunal, and par-
ticularly the force and the effect of an order of the
Public Service Commission of this State, has been
frequently considered by this Court. In Town of Har-
risville v. Publie Serviee Commission, 103 W. Va.
526, 138 S.E. 99, this Court held, in the syllabus, that:
‘The findings of the Public Service Commission, based
upon substantial evidence, will not be reviewed by this

Court.” In the opinion in that case, with respeei to the
findings of the Commission, this Court said:

¢ *Its findings are presumed to be reasonable, law-
ful and correet, and will not be set aside by this Court
if based upon substantial evidence. Findings of fact by
the Public Serviee Commission, based upon evidence to
support them, generally will not be reviewed by this
Court.” United Fuel Gas Co. v. Public Service Com-
mission, 73 W. Va. 571, 80 3.E. 931; Mill Creek Coal
(& Coke) Co. v. Publie Service Commission, 84 W.
Va. 662, 100 8.E. 557, 7T A.LLR. 108; City of Charles-
ton v, Public Service Commission, 86 W. Va. 536, 103
8.E. 673; City of Huntington v. Publie Serviee Com-
mission, 89 W, Va, 703, 110 S.E. 192; Baltimore &
Ohio Railroad Co. v. Public Service Commission, 90
W. Va. 1, 110 S.E. 475.”

PRESUMPTION OF POLLUTION FROM
VIOLATION OF STATUTE

In the case of C. L. McMahon v. Smith (1941) 189
Olkla. 579, 118 Pac. (2d) 1022-23, the defendant appealed
from a verdict for the plaintiff alleging that an instrue-
tion to the jury that a violation of siatutory law was
actionable negligence was prejudicial to his defense. The
statute in question reads as follows:

¢ ‘No inflammable produet from any oil or gas well
shall be permitted to run into any tank, pool or stream
used for watering stock; and all waste of oil and
refuse from tanks or wells shall be drained into proper
receptacles at a safe distance from the tanks, wells or
buildings, and be immediately burned or transported
from the premises, and in no case shall it be permitted
to flow over the land. Salt water shall not be allowed to
flow over the surface of the land.” *’ 52 Okla. $t. Ann.
See. 206.

‘A violation of this statutory law is actionable
negligence.” *’ :

The counrt stated :

‘“While the instruction is technieally defective, in
that by the use of the word ‘actionable’ in the last sen-
tence it eliminates causal conneetion as an element of
liability, this defect was eured by subsequent instruc-
tions in which the trial eourt positively and repeatedly
told the jury that plaintiff’s right to recover existed
only if the injuries to his livestoek were eaused or eon-
tributed to by the negligent aets of defendant, so that
the error was harmless. Oklahoma City-Ada-Atoka Ry.
Co. v. Riddle, 183 Qkla. 318, 82 Pac. (2d) 304; Mara-
thon Oil Co. v. Sanders, 180 Okla. 642, 71 Pae.
(2d) 956. '

““Defendant does not contend that the use of the
word ‘actionable’ in instruction No. 4 in any way.
prejudieed him, but asserts that it amounts to a per-
emptory instruetion for plaintiff; as it in effect made
the defendant lable for damages resulting from the
escape of salt water and oil from ifs lease, regardless
of whether the eseape of such substance was due to
causes beyond its control, and it was in faet guilty of
no negligence.

‘“ An instruetion quoting the language of the statute,
and telling the jury that a violation thereof is negli-
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gence, is proper. Devonian Oil Corp. v. Hurt, 169
Okla. 114, 36 Pac. (2d) 24. And if the statute is vio-
lated, and injury results therefrom, the liability at-
taches. The violation of the statute is negligence per se.
Comanche Drilling Co. v. Shamrock Qil & Gas Co,,
122 Okla. 253, 254 p20; Owen-Osage Oil & Gas Co. v.
Long, 104 Okla, 242, 281 p296. Affirmed.”’

In Magnolia Petroleum Co. v. Ford (1938) 183 Okla.
14, 79 Pac. (2d) 588, the court held that a violation of
statute requiring an oil lessee to prevent waste oil and
refuse from flowing over surface of land is negligence
per se, and no other negligence need be pleaded or
proved in an action for damages caused by violation of
the statute. While the courts have not hesitated to rule
that a violation of statutery law or officially adopted
_ standards are prima facie evidenece of negligence and in-
dicative of pollution, they have hesitated to adopt the
same attitude with respeet to activities that apparently
bear the seal of approval of some regulatory bedy or
administrative agency. :

Thus, the following recent cases may be considered
decisive of the factual situations there presented. N. C.
Ginther, H. C. Warren and W. L. Ginther, d/b/a Gin-
ther, Warren & @inther, and R. B. Lynn v. Arthur W.
Long (1956) 227 Miss. 885, 87 So. (2d) 286.

“Tn an action for damages to plaintiff’s land and
timber thereon beecaunse of salt water and oil flowing
from defendants’ oil well on adjacent land into a creek
and thenece onto plaintiff’s land, Game and Fish Com-
mission’s retroactive certificate, issued after infliction
of damages, that defendants had complied with Com-
mission’s anti-pollution regulations on date prior to
oceurrence of damages, was properly excluded from
evidence on plaintiff’s objection. Assuming that the
certificate had been issmed on January 1, 1951, it did
not constitute a perpetual license to the appellants to
discharge its deleterious effluents upon the land of the
appellee and thereby cause damage. Masonite Corp. v.
Guy, Miss., 77 So. (2d) 720. To hold otherwise would
be to grant to the State Game and Fish Commission
the right to make an ex parte retroactive finding as to
pollution or non-poliution, which retroactive finding
would be eonclusive npon private parties in an action
for damages snch ag this. We think there was no error
in the action of the trial court in sustaining the objec-
tion to the introduction in evidenee of the certificate.””

Tn C. H. Guy v. Masonite Corporation (1955) 223
Miss. 8, 77 So. (2d) 720, it was shown by appellant that
pursuant to the provisions of Chapter 381, Laws of 1946,
there wag issned to appellant on November 26, 1946, a
certificate of the State Game and Fish Commission, as
follows:

< ¢qpic is to ecertify that Masonite Corporation of
the City of Laurel, County of Jones, is complying this
date with the Rules and Regulations of The State

Game and Fish Commission on Industrial Waste

Effluent.’ It is contended that this certificate of 1946

is conclusive evidence that appellant did not pollute
“these streams in 1950 and 1953. With that position we
do not agree. The fact that appellant constructed its
settling ponds in accordance with the regulations of

the commission and agreed not to release its effluent
therefrom exeept in times of high water and then only
in such guantities as not to injure fish life does not
grant a perpetual license to violate its agreement with
immunity, and the evidence here is sufficient to show
that it did release its effiuent in such quantities as to
poliute these streams, and to make a jury issue on that
question.”’’

In B. E. Massey v. Masonite Corp. (1955) 219 Fed.
(2d) 586, an action was brought for alleged poliution by
defendant of plaintiff’s allegedly privately owned lake.
The lower court issued summary judgment for defendant
finding that the water could not have been polluted by
defendant since it had a certificate of compliance from
the Mississippi State Game and Fish Commission.

TI%e Appellate Court ruled that this was insuffieient
prooi:

““We are of the opinion that a certificate of com-
plianee issued by the State Game and Fish Commis-
gion, which only has jurisdiction over the waters of
the State, exelusive of Iakes or other waters which are
wholly landlocked and privately owned, and over in-
dustrial concerns using such waters for the discharge
of waste, is not a legal bar to a private suit for dam-
ages for the pollution of a privately owned lake. There
is a genuine issue of faet as to whether the appellant’s
lake was private or landlocked, and whether Mason-
ite’s efluents killed the fish in the lake. We think it
was error for the court to enter a summary judgment
based upon the certificate of ecompliance, and the judg- -
ment appealed from is reversed. Masonite Corporation
v. Guy, Miss., 77 So. (2d) 720. Reversed.”’

In Ellison Bros. Oyster Co. v. Rayonier Incorporated
(1957) 156 F. Supp. 214, the court enuniciated the prin-
ciple that adherence to the terms of a permit was an
effective shield against actionable nuisance arising from
a discharge of pollutants.

¢ Actions by tideland owners against pulp and cellu-
lose mill for alleged wrongful pollution of state waters
resulting in deterioration and death of plaintifis’
oysters. Defendants moved to dismiss. The Distriet
Court, Boldt, J., held that under doctrine of primary
jarisdiction Washington Water Pollution Control
Commission had primary jurisdietion to eontrol and
prevent undue pollution of all tideland waters of
state and if mill had been operated pursuant to com-
mission permit from time required, if rules, regula-
tions and standards for sueh operation had been
established by commission which were not arbitrary,
capricious or unreasonable and if effluents had not
been discharged in violation of standards prescribed,
discharge of waste was not unlawful or unreasonable
and recovery could not be granted on either trespass
or nuisance theory.””

MISCELLANEOCUS

It may be helpful to enumerate briefly some instances
of eivil litigation in which the pollution of a water sup-
ply has been the focal issne and where a principal of
law has evolved through the decisions in the cases which
could serve as a precedent in future similar factual situ-




WATER QUALITY CRITERIA 81

ations. This situation arises despite the compliance or
failure to comply with promulgated standards.

COMPARATIVE INJURY DOCTRINE

The doctrine of comparative injury, or as it is some-
times called “‘balancing the equities’’ has been discussed
in a number of cases in the field of water pollution. Based
on equitable prineiples, it would seem to be properly ap-
plicable in cases of wndue hardship. Yet, the reasoning
in the case of its denial is diffienlt to answer since, inso-
far as the plaintiff is denied a decree enjoining an actunal
nuisanee arising out of the pollution of the waters, the
defendant in effect is given an easement over the plain-
tiff’s land. This action amounts io a taking of property
for private use in violation of the Constitution. Where
the defendant is required to pay the plaintiff, the reason-
able value of his property or the interest therein which
is damaged, the effect is condemnation for the benefit
of a private individual who does not possess the power
of eminent domain.

In American Cyanamid Co. v. Commonwealth (1948)
187 Va. 831, 48 5. K. (2d) 279, an aection to enjoin the
defendants, the company operated a chemical plant and
in the course of its operations in prodaucing titanium
dioxide discharged dilute sulphuric acid. The action wag
brought to enjoin the defendants’ activities. The Appel-
ate Court in this state sustained a ruling for the defend-
ant stating:

““The end desired is to keep the clean waters clean
and to reduce the pollution in the unclean waters.
Some of this pollution comes from industrial waste,
discharged by industries invited into the State and
furnishing employment to some of its people. The
problem is to be dealt with so as to give fair freatment
to the industries, to its employees and to the public.
That requires a meagure and balancing of the interests
involved. Some waters should be kept pure. A measure
of pollufion in others is necessary. Not all pollution
can be abruptly stopped. On the agreed facts here, for
example, this industry- would have to shut down if
immediately reguired to cease discharging its acid
wagte into the river. The aesthetic and reereational
features involved in the pollution problem are impor-
tant, but the opportumty to make a living may be
even more 80.”

The complaint against the deferdant was dismissed.

Barber v. School Distriet No. 51, Clay County, Mis-
souri (1960) Kansas City Ct. of App’s., 335 8.W. (24)
527 was an action by owners of adjoining real estate for
damages and an injunction restraining a school distriet
from discharging water from its sewage-disposal system
apor plaintiff’s land.

The plaintiff’s land was 25 feet from -the sewage-
lisposal system. The septic tank had overflowed omto
the farm and photographs of the water were received
n evidence. The plaintiff had testified that the water
1ad an offensive odor and that he had seen his cattle
start to drink it and ‘“turn up their noses.”’

The public-health engineers testified that the system
was working adequately, that the water had only a slight
dor, and that it would not destroy grass.

The court held that although plaintiff’s property
rights were teechnically violated by the sewer discharge
and plaintiff received some nominal damages, in view of
the faet that he did not suffer substantial damage and
the granting of the injunciion would result in great
injury to the school, to the community and the publie,
without a great advantage to plaintiff, injunective relief
would not be granted. The court appealed the doctrine
of ecomparative injury. To the same effect, see Johnson
v. Independent School Distriet No. 1 (1947) 239 Mo_
App. 749, 199 S W, (2d) 421.

People ex rel. Stream Control Commission v. City of
Port Huron et al. (1943) 305 Mich. 153, 9 N.W. (2d)
41 states the rule as follows:

““The doetrine of ‘comparative injury’ should be
confined to those situations where the plaintiff can be
substantially compensated. This principle is distin-
guished in City of Harrisonville v. W. 8. Dickey Clay
Mfg. Co., 289 U. S, 334, 53 8. Ct. 602, 603, 77 L. Ed.
1208, where Mr. Justlce Brandeis said :

“ ‘The dlseharge of the effluent into the creek is a
tort; and the nuisance, bemg continuous or recurrent,
is an injury for which an injunction may be granted
Thus, the question is whether, upon the facts found,
an injunction is the appropriate remedy. For an in-
junetion is not a remedy which issues as of course.
‘Where substantial redress can be afforded by the pay-
ment of money and issuance of an injunetion would
subject the defendant to grossly disproportionate hard-
ship, equitable relief may be denied although the
nuiganece is indisputable. This is true even if the con-
fliet is between interests which are primarily private.’
- ‘*See, algo, Edwards v. Allourez Mining Co., 38

. Mich. 46, 31 Am.Rep. 301; Monroe Carp Pond Co. v.
River Raisin Paper Co., 240 Mich. 279, 215 NW. 325;
and authorities annotated in 77 L.Ed. 12227

In Sanderson v. Pennsylvania Ceal Co. (1878) 86 Pa.
401, 27 Am. St. Rep. 711, the court stated :

" . The exigencies of the great industrial inter-
ests must be kept standing in view; the property of
large and useful interests should not be hampered
or hindered for frivolous or trifling causes. For slight
inconvenienees or occasional annoyances, they ought
not to be held responsible, and, in dealing with such
complaints, juries should be held with a steady hand.

‘Tt ig certainly true that owing to the want, if noi
the necessities, of the present age,—of agrieulture, of
manufactures, of commerce, of invention and of the
arts and seciences—some changes must be tolerated in
the channels in which water naturally flows, and in its
adaptation to beneficial uses. Reasonable diminution
of its quantify, in gratifying and meeting customary
wants, has always been permitted. So its temporary
detention for manufacturing purposes, followed by iis
release in increased velume, is a necessary consequence
of its utilization as a propelling foree. Nor must we
shut our eyes to the tendeney—the inevitable tend-
ency—of these and other uses, in which water is an
indispensable element, to detraet somewhat from its
normal purity. These modifications of individual right
must be submitted to, in order that the greater good
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of the public be conserved and promoted. But there is
a limit to this duty to yield, to this elaim and right to
to expect and demand. The water course must not be
diverted from its channel, or so diminished in volume,
or so corrupted and polluted as practieally to destroy
or greatly impair its value to the lower riparian pro-
prietor. ‘Sic utere tuo’ in such conditions is enjoined
by social obligation and by law. It is difficuit if not
impossible, to declare a rule in language so clear and
precise, as that it ean be applied with certainty to
every case that may arise. See Mississippi Mills Co. v.
Smith, 69 Miss. 299, 11 So. 26, 30 Am St.Rep. 546,
100 Ala. at pages 258-261, 14 So. at page 169, 46
Am.St.Rep. 46.”’

In Ravndal v. Northfork Placers (1939} 60 Idaho 305,
91 Pac. {2d) 368, an action was commenced for damages
to land claimed to have been caused by mud and silt
being dumped into a river by defendant’s placer mining
operations and washed into irrigation ditches upon the
plaintiffs’ lands. The defendant appealed from a judg-
ment for the plaintiff. The court in affirming the judg-
ment stated : '

““Numerous authorities announce the doctrine that
while a proper use of the water of a stream for mining
purposes necessarily contaminates it to some extent,
such contamination or deterioration of the quality of
the water cannot be carried to such a degree as to
inflict substantial injury upon another user of the
waters of said stream. Montana Co. v. Gehring, 9 Cir,,
75 F. 884: . . . Salsirom v. Orleans Bar (old Min. Co,,
153 Cal. 551, 96 p. 292; Luama v. Bunker Hill &
Sullivan Mining & Conecentrating Co., 9 Cir.,, 41 F.
{2d) 358; ... We believe the rule stated in Arizona
Copper Co. v. Gillespie, 12 Ariz. 190, 100 P. 465, 470;
Td. 230 U.8. 46, 33 S. Ct. 1004, 57 L.Ed. 1384, is con-
trolling in this case, namely: ‘We do not mean to say
that the agrieulturist may eaptiously complain of a

reasonable use of water by the miner higher up the.
stream, although it pollutes and makes the water -

slightly less desirable, nor that a comrt of equity
should interfere with mining industries because they
cause slight inconveniences or oceasional annoyances,
or even some degree of interference, 5o long as such
do no substantial damage.’ *’

In Otley v. City of Kewanee (1903) 204 Iil. 402, 37
N.E. 218, a bill to exjoin pollution of a stream alleged
that defendant city had constructed drains whieh dis-
charged polluted water on plaintiff’s land and in the
stream flowing thereon rendering it unsuitable for the
purposes to which it was adapted, namely pasturage,
cultivation, ard building lots for residences; that said
iands are arable lands and were uvsed for farming pur-
poses and for pasturages; and that lots laid out thereon
were suitable for building purposes, and would be valu-
able therefore but for the nuisance created by the sewage
which cecasioned complainant great loss and irreparable
injury. The court found:

£, . . that the city had econstructed drains and
sewers whieh discharge upon plaintiff’s lands certain
noxious, filthy and polluted waters, in which are ear-
ried great quantities of poisonous acids and greasy

and oily sitbstances, defiling said stream and rendering
it unfit and unsuitable for the purposes aforesaid, and
emitting noxious, injurious and offensive odors so as
to ereate a nuisance . . .; that the water from the said
sewer injuriously affected cattle and hogs . . .

“‘The cases held that equity jurisdiction is properly
invoked to afford relief to a lower riparian owner
where an upper proprietor defiles or corrupts a stream
to such a degree as to impair its purity and to prevent
its use for any reasonable purpose to which running
water may be applied. .

“‘The pollution of a stream econstifutes the taking
of property which may not be done without compen-
gation.””

In an action to restrain the operation of a village
sewage-treatment plant in such manner as fo cause ob-
noxious odors, and for damages, the court directed that
the village correct the offensive condition or, if corree-
tion could not be effected, that it cease and desist- from
operation of the equipment or appurienance creating
that condition. The Supreme Court, Appellate Division,
held that in view of the important public purpose served
by the plant, the property owner was not entitled to an
injunetion unless the condition could be remedied with-

out undue hardship.

““"Fhough obnoxions odors from village sewer plant
(sie) constituted nmnisanee to a property owner, she
was not entitled to injunetion unless eondition could
be remedied withont undue hardship on village, and if
eorrection could not be so made, she was entitled only
to permanent damages, in view of important publie
purpose served by the plant.’’ Esphyr Slobodkina,
Resp. v. Village of Great Neck, App. (1955) 285 App.
Div. 908, 138 L.Y.S. (2d) 28.

In Slide Mines, Ine. v. Left Hand Diteh Co. et al.
(1938) 102 Colo. 69, 77 Pae. (2d) 125, the court had to
consider whether to deny an injuneiion against the pol-
lution of a stream by a mining company on the ground
that the plaintiffs did not come into court with ‘*clean
hands’’ because of their act in turning into the stream
water from a reservoir carrying extraneous substances.
The court ruled: .

“In support of its position, the mining eompany
cites a number of cases in which an injunction was
denied a complainant who, himself, was guilty of
the same wrongful acts against which his smit was
directed. Under the record in the case at bar, these
authorities have no bearing. In the Wilmore Case,
supra, in the majority opinion on rehearing, the word
‘pollution’ is defined as meaning ‘an impairment, with
attendant injury, to the use of the water that plaintiffs
are entitled to make. Unless the introduection of extra-
neous matter so unfaverably affeets such use, the eon-
dition created is short of pollution.” Here the trial
eourt factually determined that sueh extraneous mat-
ter as the farmers introduced into the stream, not only
did not unfavorably affect the use of the water they
were entitled to make bui was bexeficial to it, and
hence eansed no pollation in a legal sense, The farmers
having been adjudged guiltless, no basis is presented
for the application of the prineiple advaneced by ihe
‘mining ecompany.’’
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Where the evidence is not elear and satisfactory but is
conflicting as to any obnoxious odors arising from the
efffuent from a disposal plant which are alleged to create
a nuisance, an injunction will not be granted, but reason-
able time may be given to improve the operation of a
plant. The courts eonsider, among other things, whether
an injunction would not destroy the sewer system of a
city and subject the public to serious ineonvenience and
danger. In Hall v. City of Friend {1938) 134 Neb. 652,
279 N.W. 346, the court stated: :

**. . . The facts present a case wherein the principle
of the greatest gocd to the greatest number must be
permitted to operate and private interests must yield
to publie good, and if the erection has been skillfully
performed and without negligence, and in a way to do
the least mischief, it must be held to'be a lawful exer-
cise of power that equity will not restrain. The con-
struetion of sewers and outlets is sanectioned by law,
and what the law grants will not constitute a nuisance
per se, publie or private, and if the law is obeyed no
actionable wrong will result.”’

Althongh there are deecisions apparently to the eon-
trary, the general rule, as supported by the weight of
authorities, seems to be that when the issnance of an in-
Junction will eause serious public inconvenience or loss
without a correspondingly great advantage to the com-
plainant, no injunction will be granted. So, while there
is some authority apparently to the contrary, it is gen-
erally held that if the injunetion would have the effect
of greatly injuring or inconveniencing the publie, it may
be refused even though as against a’defendant the com-
plainant wonld be entitled to its issuance. The general
rile nnder consideration has been applied where the
allowance of an injunction would seriously interfere with
or work detriment to public works or works of public
benefit, where the issnanee of the injunetion asked would
prevent the necessary disposal of sewage. 32 C.J. 81, Sec.
66; 43 C.J.S., Injunctions, See. 31, p. 465; State v.
Pearey, 828 Mo. 550, loc. cit. 574, 41 S.W. (2d) 403, loc.
cit. 409 ; Johnson v. Independent School Dist. No. 1, Buf-
falo (1947) 230 Mo. App. 749, 199 S.°W. (2d) 421.

In Builer v. Village of White Plains (1901) 5% App.
Div. 30, New York, the defendant village operated a
sewage-treatment plant the effuent of which discharged
into a river on which the plaintiff was a lower riparian
cwner. It was held that the injury was a continuing one
and the plaintiff was entitled to injunctive relief. The
court stated:

‘“The court finds that such diseharge dees produce
at times a foul and offensive oder over the lands of
the plaintif and that such effluent adds to the dis-
colorment and polletion of the waters of the stream,
and the eourts have keld that, to warrant an injune-
ticn against odors und gases from an offensive busi-
ness, it is mot necessary that the odors should be
noxious. and if they are so sffensive and disagreeable
50 as to render life unecomfortable, equity may imter-
fere. and the fact that the nuisance recurs only when
the wind is in a given direction, or that the nuisance
complained of is surrounded by other nuisances does
not deprive plaintiff of their right to relief.”’

4.

Jessup & Moore Paper Co. v. Zettler {1942) 180 Md.
395, 24 A. (2d) 788 was a suit in equity for an injune-
tion against emptying waste from defendants’ paper
mills into a creek flowing through ecomplainants’ lands,
The court considers the synergistic effeets of individual
pollutants and states:

““The locality of the nuisanee is the common point,
like the point of convergence in an hourglass, upon
which the previously aggregated results of the origin-
ally independent acts of the several defendants con-
centrate, and jointly operate, and from which the joint
effects again radiate and distribute themselves upon
all within the reach of their influenee. This view was
also followed in United States v. Lumee, C. C,, 141 F.
385, 411, where it was held that, even though there
was no business connection between two defendant
faetories, and even though the odors from either of
them alone would nof so contaminate the air as to
create a nuisance, nevertheless if the combined odors
from botl: have the effect of producing the nmuisance,
the two factories cooperate in faet in the ereation of
the nnisance, and ander these circumstances the man-
agers of either or boih of the factories may be en-
joined from eontributing to the maintenance of the
nuisance,”’

FLUORIDATION

Although arguments ranging from the right of each
individual to be free to treat his health as he pleases, to
the right of freedom of religion have been raised agaiust
the introduetion of fluorides into the water supply, the
cases appear to hold uniformly that the fluoridation of
pubiic water supplies does not infringe on the eonstitu-
tional liberties of the individual, and in more than ten
states inclnding California (De Aryan v. City of San
Diego (1853) 119 C. A. (2d) 674, 260 Pac. (2d) 98)
where the issue has been brought to the eourts the de-
cisions kave been in favor of the public body (Murdoch).

This coneurrence of judicial opinions would indicate
that the water-guality standards promulgated for fluo-
rides have met legal acceptance and where such fluorides
are introduced in the quantity permitted they will not
adversely affect the condition of the water supply.

POLLUTION OF GROUND WATER

Phillips v. Sun 0il Co. (1954) 307 N.Y. 328 121 N.E.
{2d) 249 was an action in trespass arising out of alleged
undergroand travel of gasoline from defendant’s land
inte plaintiff’s waterwell. The chemisi testified that gaso-
line in the plaintiff’s well was the same brand as that dis-
pensed by the defendant, and the representative of the
defendant testified that they had found only a small leak
in an underground tank, bnt there was no evidenee that
the defendant knew or should have known that gasoline
would flow to the plaintiff’s land. In finding for the
defendant the court stated :

““The application of the above-stated rule, in the
few pertinent New York cases, to damage claims
arising from the nnderground movements of noxious
fluids, produces this eonclusion: that, even when the
polluting material has been deliberately put onto or
into defendant’s land, he is not Hable for his neighbor’s




84 ' WATER QUALITY CRITERIA

damage therefrom, unless he (defendant} had good
reason to know or expeet that subterranean and other
conditions were such that there would be passage from
defendant’s to plaintiff’s land. Dillon v. Aeme (il Co,,
49 Hun. 565, 2 N.Y.S. 289; Elsey v. Adirondack & St.

Laurence R. Co., 97 Mise. 273, 161 N.Y.5. 391; Thomp-

son v. Board of Education of Union Free School Dist.
No. 2, Town of Newfield, 124 Mise. 840, 203 N.Y.S.
362. The leading New York decision seems to be Dillon
v. Acme 0il Co., supra, where, in the absence of lmowl-
edge or notice, an oil refining company was held not
liable for discharging, onto its own land, water con-
taining chemieals which somehow soaked down into
and through the soil, polluting a well on adjoining
property. In the suit we have before us, plaintiff’s
position is weaker than was Dillon’s, since Dillon’s
defendant intentionally poured, on the ground, the
substance which seeped and percolated into Dillon’s
well.”’

EMINENT DOMAIN

Article I, Sec. 14 of the California Constitution pro-

vides that: ‘‘Private property shall not be taken or
damaged for publie use without just compensation hav-
ing first been made to, or paid into Court for, the
owner. . .”’ The Fifth and Fourteenth Amendments to
the U.8. Constitution provide additional safeguards.
These are the guarantees that are applicable to the usual
gituation of econdemnation by the state, county, city,
school districet, or other instrumentality of the governing
body. The courts have held that the pollution of a water
supply is in effeet a taking of private property under
some circumstances,

- In Clinard v. Town of Kernersville (1939) 215 N.C.
745, 3 8.E. (2d) 267, the court stated :

““The Lability of the town is not to be determined
by any negligent conduct on its part in the operation
of its disposal plant. If in so doing it in fact discharges
foul matter upon the lands of the plaintiffs, or it so
pollutes the water of the stream which erosses plain-
tiffs’ land that foul and noxious odors emanate there-
from it is liable for the resnlting damage, even though
in so doing it is exercising a governmental function.
An action by a landowner against a munecipality or
corporation possessing the right of condemnation for
the maintenance of a continuing nuisance which ad-
versely affeets the value of plaintiffis’ land is, by the

demand for permanent damage either by the plaintiff
or by the defendant, econverted into an action in the
nature of a condemnation proceeding for the assess-
ment of damages for the value of the land or easement
taken. The assessment of permanent damages for the
_ maintenance of a continuing nuisance as here alleged
and the payment of such damages vests the defen-
dant with an easement entitling it to a continued use
of the property in the same manner. No matter how
urgent the demands of the public may be or how nee-
essary to the progress of the country, no man’s prop-
erty may be taken without compensation. In those
cases wherein the right is asserted to pollute streams
or otherwise appropriate or subjeet lands to an addi-
tional burden the guestion of negligence is not in-
volved. Courts uniformly hold that where the action

[

is for damages by way of compensation, which when
paid, secures an easement, the owner of the property
is entitled to recover. The pollution of a stream is
equivalent to a taking and an appropriation in part.
Stanton v. R. R, 111 N.C. 278, 16 S.E. 181, 17 L.LR.A.
838; Thomason v. R. BR., 142 N.C. 318, 55 S.E. 205;
Beach v. R. R., 120 N.C. 498, 26 S.E. 703; Lassiter v.
R. R, 126 N.C. 509, 36 S.E. 48. The law permits the
.acquisition of the easement in such cases by the pay-
ment of permanent damages, the judgment having
that effect. Brown v. Power Co., 140 N.C. 333, 52 8.E.
954, 3 L.LR.A, NS, 912; Thomason v. R. R,, supra.”’

Cases in other jurisdietions have made the same rule of
law.

Snavely et ux. v. City of Goldendale et al. {1941) 10
‘Wash. (2d) 453, 117 Pae. (2d) 221:

‘“Generally, polluting a stream is tortious, but, if
a municipality poliutes a stream on such scale as to
create a public nuisance, municipality’s action may as-
sume the character of a ‘taking’ or ‘damaging’ of
property within the contemplation of the constitu-
tional guaranty that no private property shall be
taken or damaged for public or private use without
just eompensation having first been made. Const. Art.
1, See. 16.”

Quoting Platt Bros. & Co. v. Waterbury (1900) 72
Conn. 531, 45 A. 154, the court states:

““The right to pour into the river surface drainage
does not include the right to mix with that drainage
noxious substances in such quantities that the river
cannot dilute them, nor safely earry them off without
injury to the property of others. The later act is in
effect an appropriation of the bed of the river as an
open sewer, and the proposition that it may become
lawful by reason of necessity is ineonsistent with un-
doubted- axioms of jurisprudence. The appropriation
of the river to carry such substances to the property
of another is an invasion of his right of property.
‘When done for a private purpose, it is an unjustifiable
wrong. When done for a public purpose, it may be-
come justifiable, but only upon payment of compensa-
tion for the property thus taken. Public necessity may
Justify the taking, but cannot justify thke taking with-
out compensation. It may be necessary for a city to
thus mix with its drainage such substances, but it is
not mecessary to pour such mixture into the river
without purification. Indeed the purification is eom-
ing to be recognzed as a neeessity. But, however great
the necessity may be, it can have no effect on the right
to compensation for property taken. The mandate of
the Constitution is intended to express a universally
accepted principle of justice, and should receive a
construction in accordance with that prineiple, broad
enough to enable the court to protect every person in
the rights of property thus secured by fundamental
law.””

A decision rendered in Barber v. State (1938) 135
Fla. 637, 185 So. 319 stated that although a city may not
be compelled to erect a treatment plant, the discharge
of effluent s0 as to ruin oyster leases is a ‘‘taking’’ of
private property and is compensable. To the same effect
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see Douglass v. City of Lakeland (1940) 143 Fla. 771,
197 So. 467.

FRESH WATER—TIDAL WATER

There is a marked and well-defined distinetion between
the pollution of a small nonnavigable stream and the
pollution of large tidal navigable bodies of salt water,
for the reason that in the first case the bed of the stream
and the waters are owned by the riparian owners, while
in the latter case the bed of the navigable, tidal salt
water and the waters themselves are owned and con-
trolled by the state, for the use and benefit of all the
public. It is for the state to say what uses shall be made
thereof and by whom, subject always to the right of the
public, and for the state, through the legislative branch
of the government, to say how much pollution it will
permit to be emptied into and upon its waters, so long
as the owners of the land between low-water and high-
water marks are not injured. .

In Squaw Island Freight Terminal Co., Ine. v. City of
Buffalo (1937) 273 N.Y. 119, 7 N.E. (2d) 10, the rule
was stated:

“‘The general rule is that a riparian owner in a non-
navigable fresh water stream is entitled to have the
water that passes his land free from pollution. Such
riparian owners, therefore, are entitled to an injunc-
tion against a city which pollutes the water of such
a stream. Sammons v. City of Gloversville, 175 N.Y.
346, 67 N.E. 622. As to tidal waters, the rule is that
riparian owners are not entitled to bave such waters
free from pollution. Seaman v. City of New York, 176
App.Div. 608, 161 N.Y.S. 1002, affirmed, 227 N.¥Y. 572,
124 N.E. 901 ; Darling v. City of Newport News, 249
U.8. 540, 39 S.Ct. 371, 63 L.Ed. 759. The underlying
basis for this exception as to tidal waters is that the
state is the absolute owner of the bed of the stream
and may grant rights therein of berefit to the public,
subject only to the right of the public to use the waters
for purposes of navigation. 9 R.C.L. 682. . .”’

United States v. Republic Steel Corp. et al (1960)
362 U. 8. 482 was a suit by the United States to enjoin
Republic Steel Corporation, Interlake Iron Corporation,
and International Harvester Company from depositing
industrial solids in the Calumet River (which derives
flow from Lake Michigan and connects eventually with
the Mississippi River) without first obtaining a permit
from the Chief of Engineers of the Army. The District
Court found that the defendants, who operate mills for
the preduction of iron and related preduets, discharged
through sewers intc a navigable river of the United
States industrial-wastes solids which, on settling out,
had substantially reduced the depth of the channel
The court enjoined.the eompanies from continuing this

disposal practice and ordered them to restore the depth

of the channel by removing the deposits. The T. 8. Sn-
preme Court in a elose decision held that the discharge
into a navigable river of industrial solids which reduces
the depth of a channel creates an ‘‘obstruction’ to the
“navigable capacity’’ of the river within the meaning
of Section 10 of the Rivers and Harbor Act of 1899. The

Supreme Court held further that the disecharge of suech

industrial solids suspended in water flowing into a river

through sewers is a discharge forbldden by Seetion 13
of the above Act, and is not exempted as ‘‘refuse matter’’
flowing from sewers and passing therefrom in a liquid
state.

MEASURE OF DAMAGES

The scope of recovery of damages in actions for the
pollution of water is governed by the same legal prin-
ciples that apply in most fields of the law, ie., that the
person injured by the pollution is entitled only to recover
damages suffieient to compensate him for the injury dene.
Cases in various jurisdictions have applied this rule.

Oates v. Algodon Mfg. Co. (1840) 217 N.C, 488, 8 B.E.
(2d) 605:

““In an action to abate a nuisance and to recover
damages allegedly cansed by the wrongful pollution of
a stream flowing through plaintiff’s farm, an instrue-
tion that the measure of damages would be the differ-
ence between the reasonable market value of the land
immediately before and after the injury was erroneous.
Where damages to land is due to a eaunse that may be
removed or a nuisance that may be abated, such as the
flooding of land, the measure of damage is not the
difference in the market value of the land before and
after the injury, but is estimated by comparing its
productiveness before and after the flooding.”’

Oklahoma City v. Tyeteniez (1985) 175 Okla. 228, 52
Pac. (2d) 849:

““Tt is a general rule that where an upper riparian
owner has eaused the pollution of a water course to
the injury of a lower riparian owner and the injury
resulting from the pollution is of a temporary char-
acter and constitutes a nuisance abatable, the measure
of damages is the difference between the rental or
usable value of the property free from and subjeet
to the nuisance, together with such special damages
as may be established.”’

Newkirk v. City of Tipton (1939) 234 Mo. App. 920,
136 8.W. (2d) 147:

““The appropriation by city of use of stream for
sewer purposes does not deprive a lower riparian
owner of his right to compensation for damages suf-
fered by him as result thereof, and measure of dam-
ages to which ecity must respond in ease either of
condenmmation or approprlatmn without eondemnation
is a diminution m market value of land damaged
thereby.”’

United States v. Fixico (1940) 115 F. (2d) 389:

““In one of the cases which was reviewed plaintiff
seeks past and future damages for permanent injury
to his restricted allotted land by pollution arising out
of the operation of oil wells, it being alleged, among
other things, that the fertility of the soil has been per-
manently impaired; and in the other ease plaintiffs
seek damage for the depositing of sewage at such place
and in such mwanner that it ran and runs upon and
across the restricted allotted land, it being alleged,
among other things, that the Jand has become impreg-
nated with the sewage, that a water course traversing
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the land has become infected and polluted so that it
will poison livestock drinking the water, that a well on

the land has become polluted, that if a new well were

dug it would be likewise polluted, that offensive, nox-
ious and poisonous gases are generated, that a stench
-arises which renders their home unfit for habitation,
and that such conditions prevent the use of the land
as a farm. Ordinarily in a case where the source or
cause of the pollution is not abatable the measure of
recovery is the difference in value of the land immedi-
ately before and immediately after the Injury oceurs.
Sinclair Oil & Gas Co. v. Allen, 143 Okla. 290, 288

' Pae. 981; Mid-Continent Petroleum Corp. v. Fisher, .

183 Okla. 638, 84 Pac. (2d} 22. And where the injury
is permanent in nature, plaintiff may recover judg-
ment for such damages as he has already suffered, and
in addition such further damages as he will sustain in
the future. Comar Oil Co. v. Hackney, 119 Okla. 285,
250 Paec. 93; H. ¥. Wileox Qil & Gas Co. v. Murphy,
186 Okla. 188, 97 Pac. (2d) 84. The rendition and
disecharge of such a judgment creates or recognizes the
existence of a right somewhat difficult to define with
precision but which is measurably akin to that of an
easement. Luama v. Bunker Hill & Sullivan Mining
& Concentrating Co., 9 Cir., 41 F. (2d) 358. And in
Oklahoma an easement granting certain rights over
land is an interest in the land. Missouri State Life
Ins. Co. v. Whisman, 181 OKkla, 168, 73 Pac. (2d4) 130.”’

Masonite Corporation v. Steede (1945) 198 Miss. 530,
21 So. (2d) 463:

““Where the number of patrons of the fishing resort
of a riparian owner was reduced by the killing of the
fish in the siream by wood fiber effluent from a manu-
facturing plant, the owner of the fishing resort can
recover from the owner of the manufacturing plant
profits he elaims to have lost by reason thereof only, if
at all, when it clearly appears that because of the kill-
ing of the fish his profits from the business thereafter
were less than they wouid have been had the fish not

heen killed.”’ i

POLLUTION FROM CEMETERIES

Two Texas cases and one Washington case have had
the oceasion to consider the effect of the burial of the
dead on the pollution of ground waters. In Clark v.
Sunset Hills Memorial Park (1954) 273 Pac. (2d) 645,
the Washington case, an action was brought to enjoin the
operation of a cemetery located in the vieinity of resi-
dences of the plaintiffs. The evidence sustained the find-
ing that the fear of plainiiffs that burial of the dead in
the eemetery would pollute the water in wells on the
realty of plaintiffs was wholly unfounded. The eourt

stated : _
¢« Appellants next contend that, irrespective of the
statutory questions involved in this case, the mainte-
nance of the respondents’ cemetery constitutes a nui-
sance which shonld be abated. At the trial, appellants
sought to show that the existence of the cemetery on
high ground above the sites of their several wafter
wells ereated a danger of pollution and contamination.

Tn this connection, the trial court made the following

finding -of fact:

*“ “That the land of each of the plaintiffs, except the
plaintiffs Love and Hardgrove, is supplied with water
from wells sitnated upon their property. That the
evidence overwhelmingly established that the maijnte-
nance and use of the property described in paragraph
I1, above, owned or under option to the defendants, as
a cemetery or for cemetery purposes, or for the burial
of dead human remains therein, will not contaminate
or pollute the wells of the plaintiffs, or other persons
similarly situated, nor render the water of said wells
unfit for human or animal consumption, and. that the
fears, if any, claimed by some of the plaintiffs in that

" regard are wholly unfounded.’

“‘This finding is strongly supported in its entirety
by the expert testimony of a professor of sanitary en-
gineering at the University of Washington, a publie
health engineer employed by the Washington State
Health Department, the Supervisor of Sanitation for
King County, and an eminently qualified pathologist.”’

This ruling was also adopted in FEternal Cemetery
Corp. v. Tammen (1359) 324 S'W. {2d) 562 (Texas) in
which the court held that the evidence introduced was

" insufficient to support plaintiffs contention that the

burial of human bodies would contaminate the water
wells and stock tanks, The Court also cited the earlier
case of Jones v. Highland Memorial Park (1951) 242
S.W. (2d) 250 (Texas) where, although the possibility
of pollution of underground waters by the presence of
human bodies was not ruled out, the court held that the
evidence was insufficient to establish firmly that the
proposed cemetery would be operated in such a manner
as to cause irreparable injury. .

PROXIMATE CAUSE

To establish liability of defendants for damages result-
ing from the pollution of a stream, there must be evi-
dence reasonably tending {o prove that the defendants
either caused the pollution or countributed fo it.

‘. . . An examination of the record reveals that
there was abundant proof of the faet that the plain-
tiff’s erop was damaged and destroyed by flood water
containing oil, salt water, and refuse deposited upon
plaintiff’s premises by an overflow of the North Ca-
nadian river at the time alleged in the plaintiff’s
petition. There was also evidence that the defendants,
with the exeeption of Skelly Oil Company and Am-
erada Petrolenm Corporation, were operating produe-
ing o0il wells in' the drainage basin of the North
Canadian river and that said wells were locdied about
ten miles upstream from the land of the plaintiff.
However, the record shows that the only evidence
which sought to connect the defendants with the pol-
lution of the stream was that of one witness to the
effect that some of the pollution was known to come
from the Oklahoma City Qi field and of another to
the effect that all producing oil and gas wells have
more or less oil, salt water, and waste and refuse
around them. There was no evidenee to show direectly
or immediately that any oil, sali water, waste, or
refuse had been permitted to escape from the wells
and premises of the defendants or either of them.
The most that can be said of the plaintiff’s evidence
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in this respect is that it establishes the possibility that

‘'some of the pollution might have come from the wells

of the defendants. This was insufficient to charge the
defendants with liability. As said in Magnolia Pet.

© Co. et al. v. Dexter, 177 Okla. 153, 57 Pac. (2d) 1155:
‘Where there are several oil leases on a section of land
that drains into a stream, and the stream is polluted,
no lessee can be held liable without showing that pol-
luting materials from its lease went into the stream.’ ”’
Indian Territory INluminating Oil Co. v. Henning
{1937) 172 Okla. 462, 66 Pac. (24) 83.

In Magnolia Petrolenm (o. v. Dexter (1936) 177 Okla.
153, 57 Pae. (2d) 1155, the rule was thusly stated:

“‘The prineipal guestion and one determinative of
the case, relates to the sufficiency of the evidence to
show that either of the companies contributed to the
‘pollution. The law is definitely settled in this jurisdie-
tion that all persons who participate in a pollution sre
jointly and severally liable, although there is no con-
currence in- action, but it is equally as well settled
that a party cannot be held liable unless he contributes
to the pollution. Tidal Qil Co. v. Pease, 153 Okla. 137,
5 Pac. (2d) 389; Comar 0il Co. v. Sipe, 133 Okla. 222,
271 p. 1010. In the instant case there was not a word
of evidence to show that any polluting material from
the lease of any one defendant entered into the stream.
Asg far as the Texas Company and Skelly 0Oil Company
were concerned, they were not even mentioned in the
evidence, and yet their demurrers to the evidence and
motions for directed wverdicts were overruled and
Judgment rendered against them. As to the other com-
panies, the plaintiff testified that they had wells on
section 6, and that the drainage from the section was
to the streams that were polluted. Plaintiff said he had
been on section 6, but did neot fix the time. There is
testimony that the streams were polluted. Plaintiff said
that there was drainage from this section into the
stream, but there is not a word of testimony showing
that polluting materials came from any particular
lease. There is nothing to show that other companies
did not have leases in the section; only the fact that
the Magnolia, Carter, Coline, and Roxana had leases
there at some unknown time in the past. There is noth-
ing to show that either company polluted the streams.”

In Cities Serviee Gas Co. v. Eggers (1940) 186 Okla.
466, 98 Pac. (2d) 1114, the court stated:

“In action by owner of farm for pollution of sub-
terranean waters by seepage from creek into which
deleterious substaneces from oil and gas wells had been
discharged, petition alleging that defendants brought
to surface crude oil, salt water, basie sediment, and
other deleterious. substances and permitted them to
accumulate and escape from their premises into the
creek, was sufficient to allege commingling of  salt
water by the various defendants, so as to authorize
instruetion that, where separate independent acts or
negligence of several persons eombined to produce di-
rectly a single injury, each is responsible for the entire
resulf. :

41t is common knowledge that salt water entering a
stream from various sources will commingle therein
and thus combine to cause any resulting injury.”’

SUMMARY AND CONCLUSIONS

Water pollution has become a matter of gravest public
and private concern, As seen in the cases mentioned here-
in, important private and public interests in a wide
variety of circumstances are in seeming conflict and re-
quire consideration of ultimate state public policy in de-
termining the extent and charaecter of water pollution to
be permitted in general and specific cases. Such determi-
nation involves extremely techmnical, complicated, and
scientific problems that reasonably might be thought
more suitable for resolution by administrative proce-
dures than by the trial of particular damage claims, the
varying decisions of which may not always provide spe-
cifie standards.

‘While the writer has found no eases in which the
courts have accepted one set of standards of guality in
preference to another, it is significant to note that there
have been many cases in which the courts have stated, ex-
pressly or inferentially, that a scientifiec approach to the
problem based on expert evaluation of carefully derived
criteria is the most reliable method of arriving at a solun-
tion of the problem in the case. Where scientific data
have not been available the courts have been obliged to
resort to less desirable categories of proof in the form
of circumstantial or indirect evidence, judicial notice,
and even standards as expressed in criminal statutes.

The courts are ready to accept the constitutionality
of water-guality standards or requirements established
by public authority and administered through public
agencies operating under well-defined procedures best
suited for the geographical areas invelved. The courts
have recognized that the determination of specific issues
of pollution is best left with the administrative agency
and the courts are content to deal only with the ad-
judication of individual rights as they become the sub-
jects of lawsuits.

The judiciary appears to be only too anxious to be
custed from the undesired position of having to deter-
mine arbitrarily that a condition of pollution exists or
does not exist based on the testimony of laymen and in-
fluenced by nontechnical, albeit persuasive, indirect evi-
dence. The absence of any litigation or reported cases
in whiech duly promulgated standards or reguirements
were held up to the searching light of judicial inguiry

10 determine their reasonableness indicates that the

courts are uniformly anxious to have, and have readily
adopted, scientifically developed eriteria to assist them
in their determination.

The existence of definitive eriteria, however, is not
enough. It is hoped that the delineation of the casds n
this chapter will have demonstrated that, while private
litigation has its own role to play in the courts, the
judiciary can be aided materially in a context of per-
sonal litigation through reliance on a proper legal pres-
entation of the data established in determining whether
an actionable condition has been proved and how it can

- best be compensated.




CHAPTER V

QUALITY CRITERIA FOR THE MAJOR BENEFICIAL
USES OF WATER

As the most abimdant compound on the face of the
earth, water is called upon fo serve many purposes
ranging from internal consumption by living organisms,
through agricultural and industrial uses, to the exploita-
tion of its remarkable powers to transport and assimilate
the wastes of civilization. The many purposes that water
serves In promoting the economie good and well-being of

mankind are known as ‘“beneficial uses.’’ They have been

listed and cited by Camp (151), Bacon (2323), and
others. By combining these references and rephrasing,
the following tabulation of the major beneficial nses of
water has been established. It should be recognized that
these uses are not listed in the order of economic impor-
"tance nor in the order of increasing or decreasing water
quality.

Domestie water supply

Industrial water supply (including eooling water)

Agricultoral water supply (irrigation)

Stock and wildlife watering (including refuge for

water fowl)
Prﬁfagation of fish and other aquatic and marine
e . :

Shellfish culture

Swimming, bathing, and other water-contact sports

Boating and esthetic enjoyment

‘Water power and navigation

T'ransport, dispersion, and assimilation of wastes.

The relative importance of these beneficial uses for
any stream, lake, open ocean, estnary, or ground-water
basin depends on the economy of the area and the de-
sires of the inhabitants. Many of the uses, sueh as domes-
tiec water supply and indusirial-process water supply,
may be cempatible within narrow ranges of water
quality, whereas the use of a stream for unregulated
waste disposal will be at complete variance with its use
for domestic water supply.

¥t is the intent of this chapter to present the findings
and recommendations contained in the principal refer-
ences dealing with each major beneficial use of water.
Only the more significant sources of literature pertain-
ing to each beneficial use have been condensed and snm-
marized. Bits of data from numerous other sources have
not been blended inio these prineipal references. Im-
stead, such data are presented under appropriate head-
ings in"the chapters that follow. By no means, therefore,
should these summaries be considered to be complete
with respeet to every potential pollutant. There are
numercus substances listed in the succeeding chapters
(VI, VII, VIII, IX, and X) that are not cross-filed in
this chapter. In using and assessing Chapter V, there-
fore, the reader is urged to make frequent reference to
the specific substances in the chapters that follow.

(88)

DOMESTIC WATER SUPPLY

The use of water by human beings for drinking and
other domestic purposes is conceded generally to be the
primary, highest, or most essential use of water. Sueh
water, to be sure, may be given the primary procure-
ment rights and may be afforded the highest degree of
sanitary protection, but other beneficial uses may have
water-quality requirements that are far mere stringent
in certain respeets than those for drinking water. Many
industrial proeesses, for example, eannot use without
farther treatment water that iz suitable for domestie
supplies ; softered water from municipal systems is often
detrimental for irrigation; and agquatic life in streams
and lakes may be destroyed or inhibited by concentra-
tions of eopper or zine that are permissible in domestie
water. _

In evaluating water-quality criteria for domesiic use,
two conditions of the water must be considered: (a} its
quality at the source of supply, be it surface water or
ground water, and (b) its quality at the tap or point
of use. In former years when water of pristine purity
was available from protected watersheds, the two con-
ditions were virtually synonymous, inasmueh as no
treatment was provided or deemed necessary. Ground-
water supplies, for the most part, still enjoy the Juxury
of no treatment; but disinfection, softening, carbonate-
equilibrium econtrol, and other methods of treatment are
gaining favor rapidly, even for supposedly protected
supplies.

It is not the intent of this report to deal specifically
and thoroughly with the quality of ireated water as
delivered to the consumer, inasmueh as this study is
expected to cover only the quality of water found in
natural water courses. Yet, the quality of the treated
delivered water is partly relevant to this report, for
there are many substances in such water that are not
altered readily by present methods of treatment, ie.,
their concentration in the freaied water is essentially
the same as in raw water.

The domestic water-supply industry is caught between
two strong trends in water quality. On the one hand,
domestic and industrial customers are demanding im-
proved quality and greater uniformity in the water de-
livered at the tap. Indeed, many water purveyors are
leading a erusade towards even higher goals of water
quality for the consumers (1745, 1746). On the other
hand, the sources of raw water have been deteriorating
under the inexorable impacts of modern civilization and
may be expected to get worse in future years. The water-
works industry, therefore, must produce a better and
more uniform prodact while drawing upon a poorer
and less predietable source of supply. Fortunately, there
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are many recent improvements in technology that are
capable of bridging the widening gap in quality between
raw and finished waters. One of the greatest needs today
in water-supply technology is reliable quantitative in-
formation relative to the potential harmful effects of
" trace substances in raw and treated water.

DRINKING WATER STANDARDS (US.A)

The physieal, chemical, and bacterial quality of drink-
ing water in the United States is now judged in relation
to the Public Health Service Drinking Water Standards
of 1962 (2036). Originally promulgated in 1914, these
standards were modified and reissued in 1925, 1942, and
1946 prior to the 1962 edition. A comparison of the
chemical constituents of these standards is shown in
Table 5-1.

Strictly speaking, the USPHS standards apply only
to drinking water and water-supply systems used by
interstate carriers and others subjeet to Federal Quaran-
tine Regulations. They have been voluntarily aceepted,
however, by the American Water Works Association and
by most of the state departments of publie health as
eriteria for all public water supplies. The extent to
which they can be enforced within any state depends
on the state and local laws.

A complete statement of the 1962 standards is con-
tained in public documents (2036) and will not be re-
peated herein. Tnstead, the principal provisions dealing
with quantitative limits are condensed and summarized
below:

1. Bacterial guality. Thbe minimum number of sam-
ples to be collected from the distribution system and
analyzed each month, and the numbers of these samples
and portions thereof that may show the presence of eoli-
form organisms are speeified. In effect, these require-
ments limit the average monthly coliform content to a
most probable number (MPN) or membrane filter count
of one coliform per 100 ml. For a further diseussion of
bacterial quality in treated and raw waters, see Coli-
form Bacteria in Chapter VII. :

2. Physical characteristics. The following limiting
concentrations are recommended for water in the dis-
tribution system of a water supply:

a. Turbidity (silica seale), not to exceed b Tnits

b. Color (standard cobalt seale), not 1o exeeed 15
units

¢. Threshold odor number, not to exceed 3

3. Chemiecal characteristics. The limits for chemical
elements or eompounds in water are divided into manda-
tory requirements for certain substances and recom-
mended eriteria for others. The mandafory limits are
shown in the first part of Table 5-1. For further infor-
mation dealing with the validity or reasonableness of
these mandatory limits, reference is made to the specifie
substanees listed in Chapter V1. The rationale by which
such standards are established is discussed by Iopkins
(2324), by Derby et al. {2062), by Stokinger and Wood-

. ward (2325), by Welsh and Thomas (2326), and by the
advisory committee {2327). -

fl‘he non-mandatory but recommended limits for less
eritical substances are shown also in Table 5-1. For three

substances (arsenie, cyanide, and fluoride) recommended
Jimits are given in addition to the maximum permissible
concentrations. Thus, an arsenic limit of 0.01 mg/1 is
recommended, but a concentration of net more than 0.05
mg/1 will be permitted if no alternative source of supply
is available.

TABLE 5-1

COMPARISON OF CHEMICAL SUBSTANCES IN USPHS
DRINKING WATER STANDARDS OF 1925,
1942, 1946, AND 1962

Concentrations in mg/1
Substance 1926 1942 1946 1962
tions:
A 6™ - - 0.05 0.05 0.05
Barium - . - — 1.0
Cadeglm___________ - - - . n.01
Chromium (hexavalent}. - .- 0.0 0.05 06.05
Copper____ . _________ _ 0.2 * *
Cyanide** . _..o.oocoe - - . . 0.2
Fluoride™ oo - 1.0 1.5 1.6-3.44
Lead —- 0.1 0.1 0.1 0.05
Selenium ... - . -— 0.05 0.05 0.01
T S L — . - 0.05
b1 N 5.0 * he *
B.R ded Hmiting a-
tions {provided that oth
more suitable supplies are or
¢zn be made available):
Alkyl benzene sulfonates_______ - - - . 0.5
ic™™ - - 0.01
A- - 0.2
250 250 250
3.0 3 1.0
- — 0.01
- 0.8-1.7F
0.3 6.3 0.3
0.05
125 §25 -
. — 45
0.001 9.001 {.001
250 250 250
500 500
5.0 15.0 5.0

* Maximum permissible concentraifons were teplaced by recommended lmits after the

1925 standards.
**These substances have both recommended limits snd maximum permissible coneemtra-

tions.

# Recommended limits and maximum permissihle concentrations for finoride vary with the
annual average of maximum dafly zir temperature, from the lowest concemirations at
72.3-830.5°F to the highest at 50.0-53.7°F.

The changes in each subsequent edition of the stand-
ards have not been drastic, but there are certain notice-
able trends. With each edition there are more substances
that come under the recommended or maximum per-
missible limitafions. In general, moreover, there is a
recent tendency to tighten up on the limitations. Zine,
for example, started out at 50 mg/1 mandatory,
changed to 15.0 mg/l1 recommended, and recently re-
verted to 5.0 mg/} as a recommended limit. Arsenic was
limited in 1942 to 0.05 mg/1 maximum and was still at
this level in 1962 for the permissible concentrations. It
is now recommended, however, that arsenic be restricted
to 0.01 mg/1 unless an alternative supply is not avail-
able. Similarly, the restrictions on copper were relaxed
from 0.2 mg/1 in 1925 to 3.0 mg/l in 1942 and 1946;
but in 1962 the recommended standard was tightened
to 1.0 mg/L.

Radioactivity became an official criterion of the
TUSPHS standards for the first time in 1962. In general,
water supplies may be approved when ‘‘the radicaetivity
intake from snch water supplies when added to that
from all other sources is not likely to result in an intake
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greater than the radiation proteetion guidance recom-
mended by the Federal Radiation Council and approved
by the President.

““Water supplies shall be approved without further
consideration of other sources of radioactivity intake of
Radium-226 and Strontium-90 when the water contains
these substances in amounts not exceeding 3 and 10 puc/
liter,” respectively. When these concentrations are ex-
ceeded, a water supply shall be approved by the certify-
ing authority if surveillance of total intakes of radio-
activity from all sources indicates that such intakes are
within the limits recommended by the Federal Radia-
tion Couneil for control action.

‘“In the known absence of Strontium-90 and alpha
emitters, the water supply is aceeptable when the gross
beta eoneentrations do not exceed 1,000 upc/liter. Gross
beta coneentrations in excess of 1,000 puc/liter shall he
grounds for rejection of supply except when more com-
plete analyses indicate that concenirations of nuclides
are not likely to cause exposures greater than the radia-
tion protection guides as approved by the President on
recommendation of the Federal Radiation Couneil”’
{2036). It is apparent, therefore, that any eriteria of
radioactivity in drinking-weter standards are depend-
ent upon the current decisions of the Federal Radiation
Couneil.

DRINKING WATER STANDARDS (OUfSIDE OF US.A)

Except for the United States, only a few countries
have published national gnidelines for drinking water
quality (153, 154, 155, 1457, 1545). Recently, however,
the World Health Organization. (WHO) has promul-
gated the 1958 International Standards for Drinking
Water and the 1961 Buropean Standards for Drinking
Water. The WHO standards arose from the Seminars
for Buropean Sanitary Engineers sponsored by the
World Health Organization and the Rockefeller Foun-

dation. Corti (1648) discussed eircumstances favorable

and antagonistic to the development of international
standards. He recommended that eontinuing research be
directed along two separate lines; first to define require-
ments for good drinking water, and second to develop
reliable laboratory techniques for adequate quantitation
of water quality. The WHO group that met in Geneva
in 1956 to consider requiremgts for water quality be-
lieved that the term ‘‘standards’’ should be applied to
their suggested criteria even though such standards were
tentative and subject to modification after experience in

their application. This same group also studied various

analytical procedures. Approved methods of analysis are
described m the annexes of the WHO International
Standards for Drinking Water (2328).

Cencurrent with the development of the Internationa)
Standards, the WHO Regional Office for Europe spon-
sored meetings in 1956 and 1959 that led to the publica-
tion of European Standards for Drinking Water (2329).
The preface of this doeument points out the reasoning
by which WHO has issued both international standards
and European standards as follows: ‘ International
Standards for Drinking-Water proposés minimal stand-
ards which are considered to be within the reach of all
countries throughout the world at the present time. In
view of the different eeonomic and technologieal capa-

bilities of various countries there will be some areas in
which higher standards than those proposed for the
worldl as a whole will be attainable—and these. areas
should be encouraged to attain such higher standards. It
1s believed that Europe is such an area and that there is,
therefore, nothing illogical in setiing higher standards
in Burope than internationally. One of the objeets of
havipg standards at all is to stimulate improvement in
water quality, and it is hoped . . . that improvement in
econgmic and technological resources throughout the
worldl will allow higher standards to be suggested in the
future than those at present proposed for the whole
world ™’ (2329).

To| describe the international standards and European
standards in detail is beyond the purview of this report.
It is| interesting, however, to compare the two WHO
standards with the 1962 USPHS standards. Table 5-2
presents this eomparison for chemical constituents.
In using this table, one should bear in mind that all
figures are not directly comparable, for different ana-
Iytiedl methods may be involved. Before drawing any
conellisions from this table, the reader is advised to con-
sult the original texts.

With respect to baeteriological eriteria, the WHO in-
ternafional standards are approximately equal to the
USPHS standards in requiring that the arithmetic
mean |coliform density shonld not exceed one organism
in 10 ml of water. The WHO European standard, how-
ever, [is considerably stricter, limiting the average coli-
form density to one organism in two liters of water, or
one-twentieth the density in the USPHS and interna-

. tional| standards.

The radiological requirements of the WHO standards
for drinking water, both international and European,
are based upon the recommendations of the International
Commlission on Radiological Protection. They set the
following upper Iimits in drinking water as supplied to
consumers for life-time use for large populations:

alpha-emitters 1 picoecurie/liter
beta-emitters 10 picocuries/Hter

Note that a picocurie is a micromicroeurie; hence the
WHO, limit for beta-emitters -corresponds to the
USPHS limit for beta emission from strontium-90.
1f thege limits are not exceeded, no further radiochemical
analydis is required by the WHO standards, ‘‘Higher
figures than those given above are safé for many radio-
nuclides, and a water with a higher total radioactivity
than the figures given above may be safe for use if the
absence of the more dangerous radionuclides can be con-
firmed by radiochemistry’ (2328, 2329). Neither the
WHO nor USPHS standards give permissible limits for
short-time use or for small populations.

RAW WATER STANDARDS

Of particular interest to the sanitary engineer engaged
i water-pollution control are the standards or eriteria
that have been promulgated for natural waters used as
sources of domestic supply. Such standards have been
issned py the U. S. Public Health Service, as well as by
several state and inferstate ageneies, notably the New
England Interstate Water Pollution Control Commis-
sion, the Interstate Commission on the Potomac River
Basin, the Pollution Control Couneil, Pacific Northwest
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Area, and the states of Maine, Montana, New Hampshire,
New York, Oklahoma, South Carolina, and Utah. For a
complete deseription or tabulation of the standards or
eriteria used by each interstate ageney or state, see Chap-
ter IIT and the appropriate appendices. The Publie
Health Service recommended sanitary requirements for

water treatment systems is reproduced herein as Ap.-

pendix Q.

Inasmuch as these standards tend to follow a pattern,
they have been assembled and summarized in Table 5-3,
“‘Ranges of Promulgated Standards for Raw Water
Sources of Domestic Water Supply.”” The table is pre-
sented as 2 summary of current thought on the subject.
No attempt is made at evaluation of the reasonableness
or unreasonableness of each standard. For further back-
ground information relating to each speeific pollutant,
see Chapters VI and VII.

Earlier studies of the ‘efficacy of water-treatment:

plants on the removal of bacteria have shown that an
average plant using rapid sand filtration and supplying
a low chiorine residual by post chlorination could pro-
vide a satisfactory drinking water if the average concen-
tration of coliforms in the raw water did not exceed 5060
per 100 ml. At an average concentration of 20,000 per
100 m1, it was found that supplementary treatment, such
as prechlorination and double-stage sedimentation, was
required (141). Similar studies showed that for waters
requiring only simple chlorination, ‘. . , the average
B. coli index of the raw water, when considered over a
similarly long period of time, should not exceed 400 per
100 cec. for more than 5% of the time . . .*’ (156, 157).

INDUSTRIAL WATER SUPPLY

The total use of water in this county by industries for
all purposes was estimated in 1950 at 70 billion gallons
per day, as compared with 15 billion gallons per day for
municipal and rural non-irrigation use and 95 billion
gallons per day for irrigation use (158). Industrial de-
mands for water are increasing more rapidly than irriga-
tion requirements, so before long industrial use of water
will be the largest category. The great magnitude of the
industrial demand demonstrates the extreme importance
of water to industry. Water is used as an ingredient with
other raw materials in the finished produet, as a bouyant
transporting medium, as a cleansing agent, as a eoolant,
and as a source of steam in heating and power produe-
tion. The quantities of water used per unit of product
have been published for many industries ( 161, 2330,
2331) and predicted for others (2332) but these figures
represent averages only. The aetual use by an industry
in a specific location may be congiderably greater or less
than these averages. Inasmuch as quality, rather than
quantity, is the prime consideration of this report, no
attempt will be made to summarize data on guantity
requirements.

The ideal quality of water required for industrial use
varies widely for the many purposes to which water ig
put. Needless to say, it is impossible to organize the
quality requirements of the waters used for each of the
many different industrial processes into a single set of
standards. Such quality requirements differ far too mueh
to allow any broad generalization or simplifieation.
- Within any industrial plant, water may have several

- expen:

functjons, the quality requirements for which vary
markedly. A brewery, for example, needs soft water for
bottle washing but can utilize hard water for brewing.
Many| industries require water of one quality for boiler
feed, |another quality for cooling towers, and a third
qualitly for production processes. :

Iniustries are generally willing to aceept for most
procegses water that meets drinking-water standards.
‘Where water of higher quality is needed, e.g., for tele-
vision picture-tube manufacture, certain food and bev-
erage preparation, or for high-pressure boilers, industry
recognizes that additional treatment is the responsibility
of the|water user (2333).

Ong characteristic, however, is of primary importanee
for alll industries, namely, the coneentrations of the vari-
ous cgnstituents of the water should remain relatively
constant. That the water is originally of poor quality for
a particular industrial use is probably not as important,
once a process is started and the difficulties created by
the presence of undesirable constituents in water are
eliminated, as having the quality remain constant. Short-
time variations in concentrations of substances in the
process water require continued attention and added
(2334, 2335, 23836).

Although many studies have been made of the quality
requirements of water for use in certain industries, there
remain innumerable other industries for which the re-
quirements of water quality have not been specified in
public| doeuments except in a general and qualitative
way. Ferhaps the most thorough study of the water-
qualit]}requirements of various industries has been that

conducted by the Committee on Water Qnality Toler-
ances for Industrial Uses, of the New England Water
Works | Association. The eommittee presented an exten-
sive report in June, 1940, containing tables of tolerance
limits for waters for a number of industries, and text
materigl deseribing the effects of various harmful sub-
stances| in water on industrial operations (159). Much
of this|information is incorporated in the book **Water
Quality and Treatment’’ of the AWWA (152) and many

. of the data appear under the appropriate sub-heading in

this part of Chapter V. The NEWWA table has been
reprodueed in several other published articles.

In 1953 the American Society for Testing Materials
published the first edition of its ““Manual on Industrial
Water,]” ASTM Special Teehnical Publication No, 148
(1654).| There have been subsequent printings. In this
book, one chapter, entitled ““Uses of Industrial ‘Water,”’
refers tp the chemical, steel, paper, leather, textile, and
food beverage industries, It tells how water is used
by each| industry without deseribing the quality require-
ments for each industry or each process therein.

Another chapter describes ‘‘Difficulties Caused by
Water in Industry,”” noting that ‘“industrially speaking,
water i3 an essential, but troublesome raw material.”
The three major categories of difficulties, with deserip-
tive subheadings, are presented in this mannper:

A. Effeet on Produect

. |Decay, resulting from biclogical action
. |Staining

. |Corrosion

. |Chemical reaction and eontamination

e O DD
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B. Deterioration of Equipment
1. Corrosion
2. Erosion
3. Cavitation
4. Water hammer
5. Scale deposition

C. Reduction of Effieiency or Capacity
1. Tuberculation
2. Sludge formation-
3. Seale deposition
4. Foaming
5. Organie growths.

There have been several excellent papers deseribing
the general problems of industrial water quality and
giving brief descripiions of the general problems for
specific industries (1649, 1650, 1651, 1740, 2331, 2333,
2334, 2333, 2336, 2337, 2338).

In the diseussions that follow, consideration has been
given to the common and prominent industrial uses of
water, where literature relating to water-quality criteria
for such industries is available. These uses are listed in
alphabetical order by means of sub-headings, with cross-
referencing where indicated.

ALUMINUM INDUSTRY

The water requirements of the alnminum industry
have been summarized in a eomprehensive report by the
. 8. Geological Survey (233%) from which the follow-
ing material has been abstracted. No quantitative criteria
of water quality are given in the USGS report.

Alominom is made In two steps. The first process is
the production from the bauxite ore of alumina, a white
powder. The second step is the reduction of alumina to
metallic aluminum by electrolytic action.

In alumina plants, water of high quality is required
for the hydrate wash, which constitutes only about five
percent of the total water demand. For other water uses,
quality is not a serious consideration. Any impurities
introduced in the hydrate wash tend to aceumulate in
the eaustic soda solution and impair its function. For:
tunately, modern alumina plants employ multiple-effect
evaporators to concenirate the sodium aluminate solu-
tion and the vapor from these evaporators can be con-
densed and recovered for use in the hydrate wash.

In reduetion plants, the major need for water is in the
sprays used for scrubbing of stack gases to minimize air
pollution. Water quality is not a consideration in these
sprays. Miner quantities of water are used for boiler
feed, engine cooling, and other proeesses for which high
quality is necessary.

- BAKING (see also Confectionary, Food Processing)

In addition to being bacteriologically safe, water used
in baking should not cause undesirable tastes, odors,
eolors, or interference with the eomplex fermentation
processes. Inmasmuch as ealeium is necessary for some
yeast actions, hardness is not necessarily a disadvantage
for all baking waters. Too much hardness, however, re-
tards the fermentation and too little softens the gluten
to produce a soggy bread. For some eake and ecracker
baking, watsr of zero hardness is used. The few threshold
values that have been recommended in the surveyed

literature are summarized below (152, 159, 160, 161,
162] 2337). ‘

Range of Recommended

Constituent Threshold Values in mg/!

Torhidity . _______ 10

Color ____.  ____ 10

Taste and odor______________ none-low

Yeoo| .________ . 02
Manganese e 0.2

Iron| and manganese_ ___________ e 0.2
Hydrogen sulide  _______ 02

BOILER FEED WATER

The problem of make-up or feed water for boilers is
common to almost all industries. Its importance and
complexity has made it the subject of innumerable tech-
mical articles, special studies, and recipes. A thorough
review of all such references is beyond the seope of this
study inasmuch as they deal mostly with the addition
emical compounds or with other treatment methods
to render the water non-corrosive or non-seale-forming.
Insofar as the raw-water supply is concerned, however,

‘the presence of many substances will render boiler feed

more difficult to treat or otherwise to handle. The
suggpsted limits of tolerance for boiler feed waters as
recommended by the aforementioned Committee on
Water Quality Tolerances for Industrial Uses of the
New |England Water Works Association (15%), are con-
tainad in Table 5-4.

For beilers of very high pressure (1000 psi or
greafer), all hardness must he removed, dissolved oxy-
gen should be less than 0.05 mg/l, and total dissolved
solids should be as low as possible, preferably less than
0.5 mg/l. For such purposes, carefully distilled and
deaerated water is necessary, for no natural water would
meet| these conditions (2336, 2338, 2340). Silica is
especially troublesome, for it tends to form a hard scale
in boilers and boiler tubes. Moreover some of it carries
over In the steam and forms troublesome deposits on the
blades of steam turbines (2341, 2342). For high-pressure
boilers, dissolved silica should not exceed 0.2 mz/l, al-
though 1 to 5 mg/! can be tolerated at low pressures
(2341). Aluminum i troublesome, for it also tends to
be daposited as scale on boiler tubes. Excessive sodinm
and/or potassium may contribute to the feaming of
boilen water (2342). In sugar refineries, the presence of
sugar| in boiler feed water has caused foaming and the
prodyction of organie acids that eontribute to corrosion
(2343). Ideally, no ammonia should be present, for it is
very damaging to copper parts (1740). Finally, toxic
boiler) compounds should not be employed where steam is
used 1n the preparation of food.

BREWING (see also Malt Preparation, Fermentation Processes)

An|ancient art, brewing has become in the last cen-
tury Increasingly reliant upon seientifie principles. The
qualiy of beer depends largely upon the ingredients
used In its manufacture| among whieh water is a major.
facton, The ions of the water have a marked influence on
the brewing, the fermentation, and the quality of the
finished produet (2344). Tndeed, many breweries have
been located on the basis of water quality and in earlier
days there was a marked association of particular waters
with tertain characteristic beers, especially in Europe
(2345). :
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In the brewing industry, the use of water is divided

into two major categories: production water and proc-
ess water. Each use has different guality requirements.
The water of production is nsed in brewing and much
of it remains as the major ingredient of the beer or ale.
Process water is utilized for heating by steam or for
pasteurization, for cooling, for clean-up operations, and
for bottle washing (2345). The guality requirements for
sneh process water are similar to those for other indus-
tries. In general, the process water should be soft, of
low mineral content, and bacteriologically safe. (See
Boiler Feed Water, Cooling Water, and Food Washing
Equipment)
. Production water is firsi used in some breweries to
steep grain such as barley. This water must be micro-
biologically sound to diminish mold germination and it
must not contain any substances that inhibit germina-
tion (2345).

TABLE 5-4
SUGGESTED LIMITS OF TOLERANCE FOR
BOILER FEED WATERS

{From Progress Report of the Committee on Water Quality
Tolerances for Industricl Uses, NEWWA) (159)

{units are in mg/1 except as otherwise noted}

Pressure (psi) 0-150 150250 250-490 Over j00

Purbidity - - 20 10 5 1
Color __. 80 40 5 2
Oxvgen consamed . __ 15 10 4 3
Dissolved oxygen®™* __.______ 2.0 0.2 0.0 0.0
Hydrogen sulfide®* _______ S 5 3 [t} 0
Total hardness (CaCOs;) .- 80 40 - 10 2
Sulfate-earboupate ratio ____._ 1:1 2:1 31 3:1

{ASME}

(N32804 :Na:COB)
Aluminum oxide . __ .. 5 05 0.05 0.01
Siliea —cca e E 20 5 1
Bicarbonate ¥* _____________ B0 30 5 0
Carbenate ___.__________.__ 200 100 40 20
Hydroxide . ————— ______ 50 40 30 15
Total solids® ______________. 2000-500 2500-500 1500-100 50
pH value (Min.) _________ — 8.0 84 9.0 9.6

* Except when odor in live steam would be objectlonable.

»* Limits applicadie only to feed water entering beiler, mot to original water supply.
& Given zs ml per ifter. Multiply by G.70 for ppm.
* Depends on design of boiler.

Steeped barley, rice, and/or corn are next crushed and
mixed with water at a snitable temperature and for a
correct time to allow conversion of starch, by diastase,
to a mixture of simpler carbohydrates which can be fer-
mented to alecohol and carbon dioxide by ‘‘brewers
veast’”. The elear sweet wort that drains from this mash-
ing operation is then boiled in copper kettles with hops.

The enzymic reactions at mashing are extremely de-
pendent upon the pH value, which in turn is governed
by the buffering action of phosphates and hbicarbonates,
both of which are affected by the caleium and magnesinm
content of the water. The enzyme systems operative at
mashing have pIl optima that range from 4.6 to 5.7.
Calcium, and to a lesser extent magnesinm, helps to keep
the pH low by precipitation of phosphates and carben-
ates, but this effect is offset by high earbonates or bicar-
bonstes in the brewing water. For this reason, brewers
prefer water of low alkalinity and high caleinm content
(2345). Indeed, caleium chloride and caleium sulfate are
generally added to production water to assure eptimum

enzyme reactions during mashing. These salts are also
advantageous during boiling with hops (2346).

Jron is détrimental in production water because it
gives a bad flavor and diseolors the beer. Nitrite inter-:
feres with the preservation of beer and may be poison-
ous to the yeast. Nitrates are similarly undesirable, for
they are partially reduced to nitrites during fermenta-
tion. Nitrogen compounds in general lead to poor or
cloudy appearance of bottled beer. In excess of 30 mg/1,
magnesum ion has been known to retard saceharification
and to impart a reddish tint and acridness to beer
{2344} The chloride ion renders the beer more mellow
and sweet, but it may be harmful in eoncentrations of
over 100 mg/1 (2344) or perhaps over 60 mg/1 {2347).
Even small amounts of copper appear to cause beer to
““gush’’ from a can immediately upon opening (2333).

Production water should meet the bacteriological re-
quirements of drinking-water standards, inasmuch as
light beers have only a slight bactericidal effect (2308}.
Dark beers and ales are generally strong enough in aleo-
kol to be bactericidal,

‘Water containing 1.0 mg/1 of fluoride ion, from NaF
or Na,8iF, has vo adverse effect on production of beer
(2348) and indeed at concentrations of 1 to 5 mg/l,
fluoride appears to stimulate yeast metabolism (2349).
At fluoride coneentrations of 10 mg/1 or higher, inhibi-
tory effects were noted (2348, 2349).

The various threshold or limiting wvalues- that have
been recommended in numerous references are summar-

ized below:
Range of Recommended
Threshold or Liniting

Constituent Yaiues, in mg/T
Color ___ — 0-10
Turbidity . _______ 0-10
Taste and odor .. _______ none-low
Total diszolved solids __________ 500-15600
300 (for any one substance)
. pB value - - 6.5-7.0

Alkalinity, ag CaCOa 75-80 (light beer)

80-150 (dark beer)

Iron ___ 0.1-1.¢
Manganese 0.1
Jron and manganese __  _______ 0.1
Carbonate . _________________ . 50-68
Nitrite____ _— .0
Nitrate _______________________ 10
Chloride _ - ' 60-100
Rilica - - 80
Hydrogen gulfide __ ___________ 0.2
Fluoride _._ - 10
Caleinm - 100-200 (light beer)

200-500 (dark beer)
Caleium sulfate 1060-500 -
Caleium chloride 100-200
Magnesivm ____ __________ 30

Magnesium sulfate _____________ B50-200
Magnesium chloride 50-204)
Sodium chloride _______________ 275-500
Sodium sulfate ________________ 100
Sodivm carhonate __ _____ 100

References: 152, 161, 162, 163, 164, 165, 166, 167, 168, 169, 170
%;1,9 172, 173, 174, 175, 176, 177, 178, 2344, 2345, 2346,'2348:

CANNING (see Food Canning and Freezing)

CARBONATED BEVERAGES

) In general, the quality requirements for water used
in earbonated beverages are more stringent than those
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for drinking water or domestie supply. Very low concen-
trations or complete absence of microorganisms, organie
matter, turbidity, color, taste and odor, iron, and man-
ganese are desired. Fruit-juice beverages are particularly
suseeptible to mieroorganism growth, Because of the aecid
nature of the produet, uniformly low alkalinity is an
important requirement. The various threshold values
that have been recommended are summarized below:

Range of Recommended
Threshold Values

Constituent in mg/l
Turbidity 1.0-2.0
Color 5.6-10.0
Taste and odor. None-tow
Alkalinity, as CaCOQs—__________ 50-128
Total dissolved solidy__ 850
Hardness, 83 CaCOs ... 200-250
Iron 0.1-0.2
Maunganese 02
Iron and manganese______ . ___ - 0.1-05
Chlorides 250
Sulfates. 250
Fluoride - 0.2-.1.0
Hydrogen sulfide 0-0.2
Organic matter__. Infinitesimal
Algae and pretozoa_ . None
Oxygen consumed 15

References: 152, 162, 164, 173, 178, 180, 181, 182, 184, 185, 186,
187, 185, 2350

CARBON BLACK INDUSTRY

The water requirements of the carben-black industry
have been summarized in a comprehensive report by the
TU. 8. Geological Survey (2351) from which the following
material has been abstracted.

Carbon black is used chiefly as a reinforcing agent in
the rubber-tire industry and as a eoloring pigment in
ink and paint. It is manufactured from gaseous or liquid
hydrocarbons either by partial combustion followed by
contact with cold metal, or by thermal decomposition in
furnaces or retorts. Prior to World War I, the contact
process was dominant, but in recent years over 70 per-
cent of produetion eomes from the furnace process.

The only process water used in the contact method is
for pelleting of the finished carbon black to facilitate
packaging. At some plants, carbon black is dry pelleted;
at others, water is added to form a slurry prior to pellet-
ing. Becanse this water is incorporated into the product,
it shonld contain very liitle dissolved mineral matter.

In the furnace proecesses, carbon black is produced by
incomplete combustion of hydrocarbons at 2,200 to
3,000° F. The carbon black is carried by the hot gases to
quenching towers and subsequently to electrostatic pre-
cipitators and cyelone colleetors. Practically all of the
water nsed for gas quenching is lost by evaporation or
ineorporated into the produet. Henee it should have a
low content of dissolved solids. The USGS report does
not develop quantitative limits of tolerance of dissolved
golids either for pelleting or for quenching.

CHEMICAL PROCESS INDUSTRIES

Many and varied are the chemieal process industries
that employ water directly in the product or as an aux-
iliary to the process (189). Such industries are listed -
under separate sub-headings in this chapter. For most
of the industries using water as a raw material, there

are (undoubtedly limiting concentrations of impurities
that eannot be exceeded without damaging the prodnet
(159), but many such concentrations are so high that
they are rarely encountered in normal domestic supplies.
In other instaneces, however, special water treatment is
regyired and sometimes distilled water must be em-
ployed. Important as water is 0 some of the chemieal
process industries, it is surprising how little information
eon¢erning it is available in the technical literature. The
few| references uncovered in this survey are included
r separate sub-headings.

CONCRETE MIXING AND CONCRETE CORROSION

 The formation of concrete from cement, sand, gravel,
and| water represents a chemical reaction in which the
quality as well as the guantity of each ingredient is im-
portant. It is well known to most engineers that the
strength of the comcrete is dependent, in part, on the

such research.
ater used for mizing concrete should be free of
, alkalies, and oil nnless tests or experience indicate

(191]}. Tests have shown that the compressive strength
of egnerete is only shightly affected by the use of sea
water for mixing. With continnous wet curing for a
month or more, conerete mixed with sea water has tested
10 tg 20 pereent lower than similar concrete mixed with
fresh water (192).

Although there are reporis that lime mortar behaves
oppositely, a mortar made from portland eement and
sand|is considerably weakened by the presence of sugar
in a poneentration that is equivalent to 3400 mg/1 in the
mizing water (193). Small-scale tests have demonstrated
that [the hardness of the mixing water has no effect on
the air-entraining qualities of conerete inasmuch as
. .|. the hardness of the igneous portion of a-concrete
mixtjire is 80 great as not to be appreeciably affected by
the hiardness of the water supply . . .”” (194). Some pre-
liminary tests have been made upon the tensile strength
of partland cement made with mine waters of both high
and low acidity. Apparent increases in strength were

The constituents in natural water eansing or sup-
pressing corrosion of the concrete are of great impor-
tance, inasmuch as many conerete structures are exposed
to the action of such waters. Unfortunately, information
of the complicated eorrosion phenomena is largely of a
qualitative rather than quantitative nature. The rate of
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flow of eorrosive water over concrete surfaces and the
porosity of the conerete greatly affect the rates of corro-
sion. It is known that most aeids, both organiec and in-
organie, attack or at least slowly disintegrate concrete
(2352, 2353, 2354). Petroleum oils and many coal-tar
distillates have little or no effect on concrete although
creosote, cresol, phenol, and many vegetable and animal

oils may disintegrate concrete slowly. Algae in contaet’

with submerged concrete blocks have been reported. to
cause disintegration of the conecrete (2233).

The sulfates attack and disintegrate concrete (2355);
with sodium and magnesium sulfates the rate of attaek
seems to be proportional to the concentration up to a
steady rate at 10,000 mg/1 and 5,000 mg/] respectively.
The effect of sulfurous aeid solutions upon conerete have
been studied (196). “*If the SQ; concentration is less
than 25 ppm injury from this source will be mild and
ineonsequential. When the S0; is in the hundreds of
ppm it is a possible source of great harm .. .”

In addition to sulfates in matural waters of sireams,
lakes, ground-water basins, and bodies of salt water, eon-
sideration must be given to the free carbon-dioxide con-
tent of the waters. According to Dr. Ruth Terzaghi
(197) free carbon dioxide in concentrations exceeding 20
mg/1 will attack concrete sufficiently rapidly te require
protective action. Sueh concentrations occur frequently
in ground water, in deep lakes, and possibly in marine
estuaries (2356). There appears to be a synergistie action
between free carbon dioxide and sulfates, and where this
combination is present, the use of sulfate-resisting ce-
ment is recommended.

Distilled or ‘‘lime-hungry’’ waters, and those having
less than 100 mg/1 of carbonate hardness, have been re-
ported as being corrosive to concrete under specifie condi-
tions of low temperature or continnously renewed water
(2357). High coneentrations of organic matter in water
(e.g., sewage) may, under certain conditions of high
temperature and low pH, favor the production and re-
lease of hydrogen sulfide. This gas, in turn, may re-
dissolve in condensate on other concrete surfaces, be
oxidized to smifates, and attack the concrete (198, 2355,
2358).

"CONFECTIOMARY {see also Sugar Making)

Water used in making confeetions, as that used in
other food-making processes, should have a quality suit-
able for drinking and should be free from. constituents
that interfere with the complex chemical and physical
reactions of the process. Soft waters have been noted as
being hetter for making hard candies; but ordinary dis-
tilled water, with-a pH value below 7.0, may favor the
inversion of the sucrose sugar to produee a sticky candy.
Few definite limits of quality for water to be msed in
confectionaries have been recommended; however, the
results of long study of such waters indicate thai nataral
waters with less than 50 or 100 mg/1 of the usual dis-
solved minéral constituenis generally are satisfactory.
Summarized below are the recommended threshold con-
_centrations of various constituents in waters to be used
for making confeetionaries: '

Range of Recommended
‘Constituent - . Thieshold Values in mg/!l
Taste and odor_ o ___ . Low
Iron 0.2
Manganese .. .o __ 02
Iron and manganese_____ N 02
Total solids . . . ___ 50-100
Hydrogen sulfide ____________ 02
pH - - > 749

References: 152, 161, 163, 164

COOLING WATER

Cooling, or the transfer of heat, is a very commeon and
important step in many industrial processes. A large
portion of the water utilized by industry is employed for
such cooling purposes, there being several systems or
methods for using water for eooling (161). The water
may be circulated in a closed system, gaining heat as the
product or process is cooled and losing heat in a tower
or spray pond prior to recirculation. Or the water can
be used first as a cooling agent and then either be wasted
or be used in subsequent processes.

If a closed or recirculating system is used for cocling
an industrial process, the only water added to the system
is that needed largely to replace the evaporation and
wind-blown or drift losses that oceur in eooling towers
and spray ponds. Corrosion, deposition of scale, delignifi-
cation of wooden eooling towers, and the growth of miero-
organisms are four phenomena particularly detrimental
to such eooling systems. The dangers of circulating a
water that may corrode the piping and equipment of a
cooling system are obvious; but on the other hand use
of a water that tends to deposit scale is also detrimental
to a cooling system. Not only does scale affect the physical
operation of a cooling system by increasing hydraulic
friction; it also diminishes the thermal efficiency of the
system. The scale acts as an insulator and makes the
transfer of heat from the walls to the water far less
efficient. The growth of microorganisms that may act as
eontributors to corrosion, or as formers of slimes that
foul the surfaces of cooling towers and piping, is also
hazardous. A raw water introdueed into such a reciren-
lating system initially should have characteristics tend-
ing towards none of these phenomena. The make-up
water, too, must be treated o conform with the desirable
quality. A gradual but steady increase of undesirable
constituents is possible through the continual addition of
improperly prepared make-np water. While this report
is not concerned with the treatment of boiler feed water
or eooling water, it is significant t0 note the substances
that are desirable or undesirable in such waters.

In the ease of water used as a coolant and then wasted
or then used in subsequent processes, the initial tem-
perature of the water assumes considerable importance.
Generally, the lower the initial temperature of such a
water, the more desirable it iz as a cooling water. In-
teresting estimates of the value of low-temperature
water have been made (199). One of the major sources
of such cooling water is ground water, which generally
has a lower and more even temperature than surface
waters. The U. 8. Geologieal Survey has made thorough
studies of the temperatures of the ground water through
the country (200). Water is taken from and returned to

_rivers and lakes: and in coastal areas mueh cooling water
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is taken from the oecean and returned directly to it. In
such cases, the prevention of growths of marine organ-
isms and the fouling of conduits and heat-exchange sur-
faces is desirable. If water is used once for cooling and
then wasted, the treatment processes to prevent corro-
sion, organism-growth, and scaling should be as inex-
pensive ag possible. In case the water is to be used in
subsequent processes, the treatment of the water must
not add substances that will prove deletericus to its
further uses. Sometimes the subsequent use is cooling at
higher temperatures. Such step-cooling can give execel-
lent thermodynamic efficiences.

Among the technical papers reviewed in this search of
the literature are siundies of the deterioration of the
timber (delignification) in cooling towers (201). It was

found that the destruction of the woed was largely

caused by sodium earbonate in the cooling water and
it was recommended that the pH be maintained at 6.5-
7.5 to afford a more favorable bicarbonate-carbonate
equilibrium. Inasmuch as earbonates commonly give
trouble by forming scale, the effects of various addi-
tives, as well as softening treatments, in preventing scale
deposition have been studied (202). Sewage effluents
have proved more desirable as cooling waters in some
instances than extremely hard ground waters (203). In
another instance (2359), treated sewage was the only
dependable source of water for a cooling tower. Actually
the entire problem of preventing scale formation is ex-
iremely complex, common to many other uses of water,
and beyond the scope of this study. For deiails the
reader is referred to the ecomprehensive book by Powell
(2360) and to the ASTM Manual on Industrial Water
(1654).

A corrosive or aggressive water, the converse of a
scale-depositing water, also presents serious problems
when used for cooling purposes. The chemical mechanism
of corrosion is exiremely complex, especially in cooling
systems that may comprise dissimilar metals and mate-
rials. Many studies have been made of the corrosion-
suppressing effects of various additives to cooling water
such as silicates, chromates, hexametaphosphates, phos-
phates, nitrates, hydroxides, quebracho tannins, and
many other substances (202, 204, 205, 206, 207, 2337,
2338). As pointed out earlier, an exhaustive study of the
problem of corrosion is not pertinent to this report.
Many studies too have been made of the use of various
chemicals, such as chlorine, In eooling waters to sup-
press the growth of aquatie plants, algae, diatoms, iron
- and sulfur bacteria, slime-forming organisms, and the
like (208, 209, 210, 211).

‘Warren (2361) reporis that austenitic stainless-steel
equipment is subject to stress-corrosion eracking when
it is in eontact with chloride-bearing cooling water. His
laboratory studies showed that ehloride concentrations
as low as 10 mg/1 and temperatures as low as 40° C
contribute to cracking of stainless steel. '

Industries that utilize cooling water, and especially
those that recyele it through cooling towers, are alerted
to the need for freating such water to minimize eorro-
sion, scale formation, delignification, and slime growths.
Such treatment, however, is dependent upon a steady
condition of the make-up water. For this reason, indus-
tries are not as concerned about the absolute quality of

the water supply as they are about changes in quality
from| day to day. '
In|short, cooling waters should have appropriate ini-
tial temperatures and should not deposit scale, be corro-
sive, pr encourage the growth of slimes. Among the con-
stitugnts of natural water that may prove detrimental
to ity use for cooling purposes are hardness, suspended
solids, dissolved gases, acids, oil and other organic com-
pounds and slime-forming organisms (212). One of the
most (definitive lists of quality requirements for cooling
waters (152) gives the following limiting eoncentrations:

Turbidity 50 mg/l
Hardness 50 mg/l
Iron - 0.5 mg/1
Manganese 05 mgAn
Iron and manganese 0.5 mg/1

COPPER INDUSTRY _
The water requirements of the copper industry have

* been $ummarized in a comprehensive report by the U, S.

Geological Survey (2362), from which the foliowing
materjial has been abstracted. :

Ab¢ut five-sixths of the domestic copper is mined in
Arizona, Nevada, New Mexico, and Utah where most
natural water supplies are highly mineralized. On the
other hand, about two-thirds of the electrolytic refineries
are lgeated mear New York Cily, where bigh-quality
water|is available,

At the source of the ore, water is used in open-pit
mines|to eontrol silica dust. Such water may be of poor
quality, but it must be free of petrolenm produets that
interfere with subsequent comcentration by flotation.
Most of the domestic copper ore consisis of low.grade
copper sulfides that are first concentrated by flotation.
Water for this purpose may be highly mineralized, but
it should be free of acid, mud, shime, and particnlarly
petrolgum produects that adhere to ore and change its spe-
cific gravity. Copper oxides eannot be separated by flota-
tion, sp the copper is usually separated from the ore by
a leaching fluid consisting mostly of water to which sul-
furie geid is added. The leachate then econtains copper
sulfatq in solution which is later precipitated by passage
through beds of sponge iron or iron serap. For leaching,
water of low pH and low alkalinity is desirable. :

Copper smelters and electrolytic copper refineries are
generafly located where water of better guality is avail-
able, by-produet of copper smelting is waste heat,
which fis utilized in the produetion of steam power, for
which fhigh-quality boiler-feed water is needed. Cooling
water Is also needed, so the water-quality criteria appli-
ecable tp these two water nses will apply. At electrolytic
refinerjes, copper is transferred from anodes that contain
about B8 percent copper and 2 percent Impurities to
cathode sheets of refined copper in electrolytic baths of
high-quality water to which copper sulfate and sulfuric
acid have been added. Cathodes are later washed with
distilled water or other water of high guality. Refineries
also usg eonsiderable water for cooling and boiler feed.

Aboyt 70,000 gallons of water per ton of finished eop-
per arg used in mining and coneentrating the ore and
about 30,000 gallons per ton for reducing the coneentrate
to refined copper. Thus, mqre water is used to produce a
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ton of copper, on the average, than to produee a ton of
any other major metal (2362},

COTTON PROCESSING (see Textiles)

DAIRY INDUSTRY

Water is used in the dairy industry primarily for the
cleaning of pastenrizing equipment, for rinsing and
cleaning tank trucks and eans, and for bottle washing.
For this reason, according to Bonnet (2344), the water
must be bacteriologically potable and free from chemi-
cals that might leave harmful residues. He classifies
water as ‘‘very good’’ when it has a total baeterial eount
of 25 organisms per ml or less, ‘‘good’’ up to 100 per mi,
“‘passable’”” up to 500 per ml, and “‘bad’” over 500 per
“ml.

‘With respect to chemical guality, the water should be
free from copper, and very low in iron and manganese,
inasmuch as these metals funection as catalysts for the
oxidation of fatty matter and for the hydrolysis of milk
constituents. Hence they may cause fatty, oily, or fishy
tastes in the milk products. Bonnet (2344) recommmends
the following limits for chemical and physical eonstitu-
ents:

Dry residue less than 500 mg/1
Nitrate, ag N»Os - less than 30 mg/1
Nitrite none
Ammonia, as NH; traces only
Chloride less than 30 mg /1
Sulfate less than 60 me/1
QOrganic mattér, in terms

of KMnO, less than 12 mg/1
Hardness, as CaCOy less than 180 mg/1
Iron 0.1 to 0.3 mg/1
Mangamnese 0.03 to 0.1 mg/1
Color none
Odor none

DISTILLERIES (sce Fermentation Processes)
DYEING (see Textiles)

ELECTROPLATING AND METAL FINISHING

Plating-room proecesses that utilize water imelude the
stripping or pickling operations, cleaning by organie
solvents or alkaline sointions, rinsing, and eleetro-
chemical plating (2363). For acid stripping or for alka-
line cleaning, the quality of water used in the baths is
seldom critical, for the added ehemicals far outweigh the
natural constituents of the water. Hardness of water may
be detrimental when soaps or alkaline cleaning agents
are used.

For ringing and for plating, water quality is fre-
guently a major problem. High quality water is of
primary importanee to assure satisfactory finished work.
Tor decorative plating, water spots and stains may
necesgitate reworking, wiping, buffing, and other labori-
ous operations. Before the application of any organic
corrosion-resistant eoating, it is almost a necessity to use
‘demineralized water in the final rinse, in order to achieve
adhesion of the coating (2364). A high concentration of
dissolved solids is especially detrimental in rinse waters
{2365, 2366).

.

In plating baths, iron, aluminum, ealeinm, magne-
sium, sodium, potassinm, carbonate, bicarbenate, sulfide,
sulfite, sulfate, fluoride, chloride, silicate, copper, and
lead have been reported to cause difficulties under cer-
tain conditioms (161, 213, 214, 2364, 2365, 2367). Con-
siderable evaporation occurs from plating baths and
hence the ions present in the makeup water are ‘eon-
centrated to the extent that they are troublesome.

Caleium and magnesium are especially troublesome in
plating baths, for they tend to precipitate to form scale
on the heated surface or a sludge in the water. There is
a probability of these precipitates being included in the
electrodeposit, causing pits, porosity, and roughness
(213, 2338, 2367). Magnesium may also .reduce the
“throwing power’’ in chromium baths (2364), but on
the other hand, magnesinm sulfate is sometimes added
to mnickel-plating baths to produce softer deposits, to
minimize certain types of pitting, and to increase throw-
ing power (213). :

Sodium and potassium are generally not harmfu] in
plating operations, although sodimm may cause britile
deposits in nickel baths or reduce the throwing power
in chromium solutions (2364). Iron is one of the most
troublesome pollutants of mapny plating operations. In
a nickel-sulfate bath, it may cause hazy, streaked, pitted,
or brittle deposits; in aeid copper solutions it produces
rough deposits; in chromium baths it reduces the throw-
ing power; in cadmium cyanide it causes hazy deposits;
in sitver cvanide stained deposits; and in zine sulfate
haths it lowers the plating efficiency and the protective
value of the coating (2364, 2367). :

Among the anions, bicarbonates are detrimental in
heated alkaline baths, for they tend to be converted to
carbonates and accelerate the precipitation of caleinm.
Movreover, they buffer the water and require higher dos-
ages of aeid or alkali to. obtain the desired pH value.
Chlorides have been reported to cause rough, modular,
iridescent, and erysialline deposits in cadminm, eopper,
silver, and iin baths respectively (2364). Organic sub-
stances reduce chromium, and cause rough, hazy,
streaked, colored, or pitted deposits under varions con-
ditions. Color and turbidity are similarly objectionable
(2364).

The articles abstracted herewith give numerous quali-
tative eonsiderations but no guantitative threshold o
Hmiting concenirations were uncovered. :

FERMENTATION PROCESSES (see also Brewing,
Malt Preparation) : \

Closely related to the production of beer is the fer-
mentation of ethyl aleohol from various grains. The
water used in preparing the mash for later fermentation
by veast shounld be free of sediments, tastes, odors, and
micro-organisms. Certain mineral constituents, such as
caleinm and magnesium bicarbonates, in the water may
be of advantage in furnishing additional nutrients for
the yeast. For use in blending the final produet, undis-
tilled water of satisfactory mineral quality is reported
to be preferred to distilled water. No lists of quantita-
tively expressed eriteria for quality of water for grain-
alechol fermentation were wncovered in the literature
(163, 171, 176, 215, 2344).
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FOOD CANNING AND FREEZING (see also Food Processing,
General and Food Equipment Washing)

A primary consideration for the quality of water nsed -

in food canning and especially in freezing processes is
its bacerial content. Not only must such water be free of
pathogens that may be transmitted to the consumer, but
it must also be sterile with respect to saprophytic organ-
isms that may cause spoilage. Many such organisms, to
be sure, are destroyed in the canning process or remain
dormant in frozen food, but their absence from the
process water gives an added factor of safety. The Cali-
fornia Department of Public Health has promulgated
coliform standards for the water used in fish-canning
operations. {See Chapter VII, Coliform Bacteria.)

The effects of chemical pollutants in the water differ
for the various foocds being processed. Substances that
produce tastes, odors, color, deposits, toughening, de-

terioration of gmality or vitamin content, or other det--

rimental changes in the food are to be avoided. Chloro-
phenols in a process water, for example, have been
reported to have produced tastes in the syrup of ecanned

ears.
P Hardness in the blanching water causes toughening of
sonie vegetables, such as dry beans and peas, coatings or
deposits on others, such as beets, and has no effect or may
even be beneficial to some, such as eream-style eanned
corn. Peas and snap beans that had been blanched before
freezing with waters eontaining various concentrations
.of caleium and magnesium showed a greater loss of
ascorbic acid and a greater gain of caleium as the hard-
ness was increased. Compounds of iron, manganese,
copper, other minerals, and organic matter have been
named as the eauses of taste, odor, color, and deposit
difficulties. Copper is reported to decrease the shelf Iife
of packaged foods, especially dairy and vegetable oil
products. Apparently, fluoride tends to coneentrate in
spaghetti, baked beans, and cereal {2333).

The various threshold or limiting values that have been
recommended are summarized in the following table:

Range of Recommended

Constituent Threshold Vealues in mg/l

Total dissolved solids__._______ 85¢
Tarbidity .. ___._____ ____ 1.0-16
Tasteandodor___ .. _____ none-low
Hardness, as CaCOs__________ 80-85 (general)
200-400 (peas)

160-200 (fruits and vegetables)
25-75 (legumes)

Iron . _________. 0.2
Manganese . _ . ____ [ ¢ ]

Fron and manganese 0.2-0.3
Sodivm ehloride _____ 1000-1500

50 = not lower than 7.5
Hydrogen sulfide ____________

Fluoride [ 1.0
Alkalinity, as CaCOs _________ 30-250
Nitrates, ag NoOs oo 15
Ammonia, as NHs ___________ 05

References: 152, 162, 164, 173, 218, 21T, 218, 219, 220, 281, 222,
223, 224, 225, 2333, 2337, 2344 :
FOOD EQUIPMENT WASHING (see also Baking, Carbonated
Beverages, Food Canning and Freezing, Food
Processing, and lce Manufociure)
The water used to wash and rinse eguipment .that
eomes in contact with foed should be as safe bacterially
as ‘drinking water. In faect, it should also be free from

saprophytie organisms that may attack particles of foed
lodged in hard-to-clean crevices or eracks in the equip-
ment. Constituents in the water that carry or cause tastes
and odors or leave deposits or stains on the equipment
are|to be avoided. Inasmuch as the primary use of these
waters is for washing, low hardness is one of the more
important qualities to be desired. The various threshold
valies that have been recommended are summarized
below: : Itange of Recommended

Constituent Threshold Values in mg/1
Turbidity . _______.__ __ ___ _____ . 1.0
Color ____ . . ___ 5-20
asteandodor _______.___ _ __________ None
ron and manganese ______________ ___ 0.2
Chlorides - __ __ — 250
ardness, as CaCOs _________________ 10
otal dissolved solids _.______________ 850
rganiematter . _____ . _____ . infinitesimal
lgoride —_________ _________  _____. 1.6

References: 173, 226, 2337

FOQD PROCESSING, GENERAL (see also Baking, Carbonated
Beverages, Food Canning and Freezing, Food
Equipment Washing, Ice Menufacturing)

Although they oceur commonly, even in the household
kitchen, the chemical reactions and physical changes
brought about in eommercial processing and preserving
foods are extremely complex. Since water is used in
nearly all of the processes and is ineorporated in many
of the products, the various eompounds dissolved in the
water enter the physical and chemieal reaections. The
actigns of such solutes are not necessarily detrimental ;
in fdet, some are advantdgeous and desirable.

Owing to the eomplexity of the reactions and the great
number of different foods and dissolved compounds to
be considered, it is unlikely that generalizations of re-
quired ‘quality or threshold concentrations of food
waters, as such, can be made. The threshold concentra-
tions| will differ for the various kinds of foods being
processed. That the waters used in the proecess must be
bacteriologically safe, at least as potable as drinking
water, is one requirement commonly recommended for
nearly all types of food processes. In many cases, because
of the danger of spoilage or after-growth, precautions
must|be taken against the presence of microorganisms
other|than those normally considered to be pathogenic to
humains.

Attempts have been made, from time to time, to sum-
marize or generalize the quality requirements of water
used for all of the many food products or processes. In-
asmuch as detailed threshold values are not available
for water used with many foods, the few that have been
recontmended for general food use are summarized below,
althoygh their applicability to any specific problem is

necessarily doubtful. Range of Recommended
Constituent Threshold Values in mg/I

Tyrbidity 110
Caoler ______ . _____ I 510
Tasteandodor ________ .. Low-barely noticeable
TIegon - _____
Msanganese __. . ___ . ____ 0.2
Irgn and mapganese ... _________ 0.2-0.3
Alkalinity, as CaCQs ___________ 30-250
Hardness, as CaCQOs ____________ : 10-250
Total dissolved solids ___________ 850
Flyoride _______. _____________ 1.0

Referenpes: 152, 162, 23327, 2344, 2368
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ICE MANUFACTURING (see also Food Equipment
Washing and Food Processing, General)

Sinee manufactured ice should be elear, colorless,
tasteless, ordorless, and bacteriologically safe, the water
used to make it should have similar qualities. Steam was
used for power in the early manufacture of ice and con-
sequently distilled water for making ice was easily and
economically available. The very clear, crystallike ap-
pearance of ice produced from such distilled water- be-
came associated, in the consumer’s mind, with purity and
quality. With the advent of electrical power, however,
the use of such relative pure water was no longer eco-
nomieal and the effects of various salts dissolved in the
natural water had to be eonsidered. '

Dissolved salts produce opacity in the ice; hence vari-
ous methods of treating both the raw water and the
freezing water had to be devised. Caletum and magne-
sium, for example, are troublesome but they can be re-
moved rather easily from the natural water. Several
classifications of waters have been made which indicate
from the results of a chemical analysis the probable
quality of the ice and the treatment required during
freezing. In these classifications, the effects of eblorides
are weighted 75 percent of the effects of the sulfates; the
carbonates, 125 percent. The weighted concentrations, in
mg/], are summed to give a number that will indicate
the probable treatment required. The upper threshold
values, beyond which it is said that merehantable ice
cannot be made, range from 684 tc 710 mg/1.

In freezing large blocks of ice, the dissolved minerals
tend to eoneentrate in the central core, making it cloudy
(2369). Some ice manufacturers pass the water for ice
through an ien-exchange column prior to freezing, for
the purpose of reducing the mumber of times that the
core must be removed to get clear ice.

With the wide adoption of eleciric refrigerators and
automatie ice-making equipment, much ice is now made
in small units near the point of use, utilizing municipal
water of drinking-water quality. Slight cloudiness in ice
eubes is seldom noticed or considered to be detrimental.

Depending upon the processes used for the manufac-
ture of ice, the maximum allowable concentrations of
dissolved solids that have been recommended range from
170 to 1300 mg/l, with several around 300 mg/l. In
Charlotte, North Carolina, an increase in the fluoride
content from 0.1 mg/1 to about 1.5 mg/l was reported
to eause serious brittleness and cracking of ice blocks
(152, 162, 164, 168, 173, 183, 227, 228, 229, 230, 231, 232,
233, 234, 235, 2337, 2368, 2369).

IRON AND STEEL MANUFACTURING
{see Steel Manufacturing)

LAUNDERING

The most important constitueni to be avoided or elim-
inated in water used for laundering is hardness, because
of the wastage of soap and the formation of curds. Alse
of great detriment is the presenee of iron and manganese
which, even in low centrations, ean cause stains on the
materials being laundered. Manganese is espeeially ob-
jectionable in water used in lanndry work and textile
processing. Concentrations as low as (.2 mg/l may cause

dark-brown or black stains on fabrics and porcelain fix-
tures (2342). Leptothriz, Crenothriz, Gallionella, and
other iron-depositing organisms are reliable indicators of
iron and manganese and of the ubsuitability of such
water for laundries. High bicarbonate alkalinity, too,
may cause staining difficulties. '

A summary of the range of recommended threshold
and limiting concentrations of various constituents in’
waters used for laundering processes is presented here-
with,

Constituent Range of Recommended Threshold
and Limiting Coneentrations in mg/I
Hardness, as CaCOs= 0-50
Iron and manganese ) 0.2-1.0
Iron 0.2-1.9
Manganese 0.2
Alksalinity, as CaCOs . 60
pH 6.0-6.8

References: 152, 161, 236, 237, 238, 239, 993, 2342
LEATHER PROCESSES (see Tannery Operations)

MALT PREPARATION (see also Brewing,
Fermentation Processes)

In the preparation of malt, steeping is the process of
soaking grain in water to provide sufficient moisture to
start enzyme produetion and germination which precede
the breakdown of cell walls and the hydrolysis of the
stored foods. Inasmuch as the steeping solution gradually
becomes an excellent medium for the growth of bacteria,
it is important that the water used be relatively free of
Microorganisms.

Phe tannins, resing, and bitter substances in the husks
of coarse barleys are most readily removed by alkaline
waters. Water that is too soft may dissolve large propor-
tions of mineral salts and soluble protein derivatives,
whiech are valuable nutrients for yeast. On the other
hand, water that is too hard may not remove certain
undesirable constituents from the grains. Freedom from
objectionable tastes and odors, low contents of nitrate,
ammonium salts, and iron, and a uniferm temperature
of about 13°C are among the characteristies recom-
mended for water used to steep graing for malt produe-
tion. No lists of quaniitatively expressed criteria were
uneovered in the literature (172, 175, 176, 240, 2345).

METAL INDUSTRIES (see Aluminum Industry, Copper Industry,
Electroplating and Metal Finishing, Steel Manufacturing)

MILK INDUSTRY (see Doiry Industry and
Food Processing, General}

OIL WELL FLOODING

For oil-well-flooding operations it has been recom-
mended that the water should not contain more than 0.1
meg/1 of iron, should not have a low alkalinity or pH
less than 7, and should not be corrosive. The growth
of algae in water stored for sueh operations should be
prevented with algicides {349). In many oil-well-flooding
situations, it is mecessary to filter the water or brine
through sand or diatomite units in order to prevent the
recharged well from clogging with eolloidal particles or
microbiological cells, :

* PAPER MANUFACTURE (see Pulp and Papef Mills)
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PHOTOGRAPHIC PROCESSES

Although the photographic processes of developing
and fixing images on paper or films involve complicated
and sensitive chemical reactions, the quality require-
ments of the waters used for making up the various solu-
tions and for washing and rinsing are relatively tolerant.
An extreme example of this tolerance is the fact that
sea water can be used both to wash fllms and paper if
followed with a rinse in fresh water, and to prepare
developing and fixing solutions, if the sludge of precipi-
tated chemicals is earefully settled out. For the more
usual circumstances, however, hardness in concentrations
of more than 200 mg/1 usnally causes difficulties, where-
as in concentrations of less than 100 mg/1 difficulties are
rare.

Munieipal water supplies are generally adequate for
most photographic processes. Indeed, they are better in
some respects than distilled water, for washing with
extremely soft water or distilled water may result in
reticulation or softening. The dissolved salis in natural
waters prevent reticulation (2370). Most photographie
processors are willing to use municipal water provided
that it is constant in quality from month to month, so
that experience in its use can be developed.

In the mixing of developers, the presence in the water
of the chlorides and bromides in excess of 25 mg/l
exerts a restraining action, but sodium carbonate tends
to speed up the action of a developer. Developers mixed
with water econtaining sodium or potassivm sulfides even
in small concentrations can cause bad chemieal fog. The

presenee of 100 mg,/1 of caleinm sulfate Is reported to.

cause fogging, as will colloidal sulfur and certain bac-
teria. High concentrations of caleinm and/or magnesium
may cause precipitation in alkaline processing solutions.
Dissolved solids will crystallize on films and plates when
dried unless precautions are taken during drying. Dis-
solved gases in wash waters can produce blisters on
papers. Spots and stains can be caused by iron, manga-
nese, suspended solids, turbidity, and color in the solu-
tion and wash waters. Fron in ¢oncenirations greater than
0.1 mg/]1 may cause staining, but some photographic
products will tolerate as much as 10 mg/1 of ferrous or
ferrie iron.

Hxcessive copper canses emulsions to fog. Moreover,
1.0 mg/1 of copper results in significant loss of strength
of color developer after two weeks and 10 mg/1 causes
appreciable loss in a few days (2370). Tin, lead, and
Zine in conecentrations up to 10 mg/? have not proved to
be deleterious. Fluoride can also be tolerated up to at
least 10 mg/1 (161, 239, 241, 242 2370).

PLASTICS

Plasties have been defined as organic minerals that
ean be easily molded or shaped by mechanical or chem-
ical action to give tough, non-ervstalline substances that
are solid at ordinary temperatures. They are made from
molding compositions prepared from various raw-ma-
terial groups such as resin or cellulose derivatives
(binders) ; cellulose, wood flour, cotton fiber, asbestos,
mica, or fabries (fillers); dyes and pigments; and vari-
ous plasticizers, catalysts, and lubricants.

There are many types of plastics and many compli-

cated processes for manufacturing them. The quantity

and guality of water vary in importance, depending on
the different manufacturing methods. In general, water
of unusnal quality is not needed. For special gituations,
Involving only a small proportion of the iotal water re-
quirgment at a plasties manufacturing plant, de-ionized
eity water is customarily used (152, 162, 189, 2371).

PULP| AND PAPER INDUSTRY

The water requirements of the pulp and paper indus-
try have been summarized in a comprehensive report by
the U. 8. Geological Survey (2372). Much of the mate-
rial relsting to water guality in that report and in the
following summary is based upon the publications and
specifications of the Technical Association of the Pulp
and Faper Industry (TAPPI)}.

The manufacture of pulp and paper is highly depend-
ent upon an abundant supply of high-quality water. The
major purposes for which water iz used include the
digestion or cocking of wood chips to make pulp, re-
peated washings of the cellulose pulp, transportation of
the pulp and other constituents of paper in a thin slurry
through preparatory processes and finally onio the paper
machine, boiler feed, and cooling. This section deals only
with the process water used for washing of pulp and for
paper| making. Boiler-feed water and cooling water are
covered separately. .

Sugpended matter is undesirable in process waters be-
eause |it decreases brightness, affects colors, interferes
with texture and uniformity, clogs wire screens, and
favorg growth of slimes. Hardness gives diffienlties by
reacting with sizing compounds and causing the precipi-
tation|of caleinm carbonate. It also tends to form seale on
washing screens, the wire of paper machines, and similar
equipment. Turbidity and color can cause trouble in the
finer-grade products. Dissclved gases in the process
waters sometimes cause corrosion of the machinery, and
carbon dioxide, in concentrations above 25 mg/l, has
been reported to affect adversely the formation of sheets
on the| paper machines. Iron, manganese, silica, and or-
ganic matter are among other undesirable constituents
of the [process waters (239, 2373). :

The [presence in the process waters of microorganisms,
such as bacteria, algae, and fungi, may lead to difficul-
ties from the growths of slimes, slick spots on the paper,
and the development of odors..

In 1940, Miller (243) presented the information in
Tables |5-5 and 5-6 to show the ranges of concentration
of varipus substances in process waters used by different
paper mills.

Other studies of the desirable quality charaeteristies -
of water to be used in paper manufacturing have been
made from time to time. Perhaps of greater interest,
however, are the specifications for the chemical composi- -
tions of several process waters that have been approved,
as tentative standards, by the Waiter Committee of the -
Technical Association of the Pulp and Paper Industry.
These teniative standards, or speecifications, are sum- -
marized in Table 5-7 and the remarks, definitions, and
notes tg each are reproduced in the pages immediately
followinlg the table. It is understood that paper mills find
these specifications to be satisfactory with the possible
exception of the limit of 2.0 mg/1 for residual chlorine
in water used for fine paper. Where dyes are used, they
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may be affected by chlorine concentrations in excess of
0.3 mg/1.

RAYON AND ACETATE FIBER INDUSTRIES

The water requirements of the rayon-fiber and acetate-
fiber industries are described in a comprehensive report
by the U. 8. Geological Survey (2374) from which much
_of the following material has been abstracted.

These artificial fibers, resembling silk, are made from

purified wood cellulose or cotton hnters by one of three
processes identified as viscose rayon, eaprammonium
rayon, or cellulose acetate. The purified eellulose or cotton
linters are prepared by methods similar to those used
for wood or rag pulp in the fine paper industry. The
wash waters for purifying such pulp should be purer
than the requirements for fine paper (see Pulp and
Paper Industry), and in general should comply with the
recommendations in the following tabulation.
. The rayon processes, viscose and cuprammonitm, pro-
duce a filament of regenerated cellulose whereas the
cellzlose acetate process produces a compound of definite
chemical composition. All of the processes involve solu-
tion of the cellulose in strong alkali or acid liguors to
dissolve wundesirable constituents, formation of the
threads by filtration and extrusion, air drying, spinning,
and finally finishing operations such as bleaching and
washing. Process water is used primarily in the initial
chemical solutions and in the finishing operations. In
quality, it should meet the limits shown in the following
tabulation.

In addition to process water, rayon-fiber plants use
large guantities of water for power production and air
conditioning, inasmuch as many of the processes involv-
ing the fine fibers are sensiiive to temperature and hu-
midity. Indeed, Mussey (2374) reports an average of
110 gallons of water used to produce a pound of rayon
fiber, of which 82 gallons were process water and T8
gallons were used largely for air conditioning and power
production (for quabity requirements, see Boiler Feed
Water and Cooling Water). For the manufacture of a
pound of acetate fiber, the average total water use was
reporied at 170 gallons (2374).

Owing to the fact that rayon and acetate plants re-
quire abundant supplies of clean soft water, they are
generallv located in the eastern area of the United
States. Recommended threshold and limiting eccneen-
trations of various constituents in water used in the
viscose process are summarized below:

Range of Recommended Threshold

and Limiting Concentrotions in mg/l
for M anufacture of Viscose Fayon

Conslituent Pulp Production Manufecture
Turhbidity o e 5 0.3
Color _ ... - R e b3 -
Hardness, as CaCO _____________ 8 b
Iron and manganese _.____________ 0.05 0.0
Manganese _ .o 0.03 0.0
Iron ___ - - R 0.05 00
Total solids .. ____ .~ 100 -
Alkalinity, as CaCOs_ . _________ 50-75 -
PH e - 7.8-83
Aluminum oxide . _______ . <8
Silied e <25
Copper _.___ . <5

References: 152, 162, 189, 2374, 2405

TABLE 5-5

RANGES OF CONCENTRATION OF VARIOUS SUBSTANCES
IN WATER USED BY PUEP AND PAPER MILLS
(After Miller) (243)
Number of Mills
Rangein mg/l  Reporting Process
Constituent (emcept pH}  Waier in This Range

Turbidity 0-10 34
10-50 6
50-635 2
Color 0-10 24
' 10-50 13
50-150 8
Iron 0-0.1 16
0.1-0.5 16
0.5-1.0
1.0-158
1.5-4.0
0-*‘trace”
6.005-0.05
005-4.0
Hardness, as CaCOs 0-25
25-50
50-100
1060-200
200-300
300-400
: 400-766
Alkalinity, total 0-25
25-50
50-100
100-200
200-400

Alkalinity, phenolphthalein 0-0.1
0.1-10
10-80
80-200
Sulfates 010
1020
20-50
50-100
100-200
. 200-300
Chlorides : 0-10
10-20
20-50
50-100
Total dissolved solids 0-19
10-50
50-100
100-200
200-300
300-400
400-600
Total solids 0-50
50-100
1G0-200
200-300
300-600
5.8-6.0
6.0-6.5
6.5-7.0
7015
7.5-8.0
8.2.83
8.3-9.2
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RUBBER {see Synthetic Rubber)

STARCH INDUSTRY

In the mannfacture of starch, water should be as soft
and mineral-free as possible inasmuch as any precip-
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itated salts will accumulate in the starch, which should
not leave any ash on ignition. Iron and manganese are
especially detrimental in that they give a yellowish dis-
coloration to the starch. A limit of 1.0 mg/1 has been
recommended for iron (2344).

STEEL MANUFACTURING

About two decades ago, the Bethlehem Steel Company
of Sparrows Point, Maryland, required additional
sources of water for use in the manufaecture of steel
products. Large quantities of sea water were used for
eooling and eondenser purposes but a search was made
for a source of fresh water with a minimum safe yield
of 50 mgd. Various possible soureces of a supply of this
magnitude were investigated and the eeconomie and phys-
ical requirements soon led to a consideration of the nse
of the treated effuent from the Back River Sewage
Treatment Plant of Baltimore City. Aceording to Wol-
man (249) .

“‘The quality of water desirable for the various indus-
trial processes was not easily definable, since the exact
specifications of water quality for these uses were not
Enown in detail. No unanimity of agreement existed ap-
parently in the steel trade on the characteristies of
water harmful or harmless in the individual industrial
process. .

‘‘These waters for the most part are used for cooling
of blast furnaces and open hearths, of rolls in all the
rolling mills, of gas washers, of wire machines and for

TABLE 5-6

WATER QUALITY CRITERIA

the quenching and granulating of blast furnace slag and
for dleaning of gases. For this reason a number of plant
scale| experiments were carried out in the various proe-
esses|and over extended periods, in order to shed some
light| upon the desirable or objectionable characteristies.

*“The loeal studies, and field observations made else-
where throughout the country, indicated that the follow-
ing characteristics determine a desirable quality of water
for steel manufacture. They are:

emperature preferably below 75°F.
hlorides preferably below 175 ppm.
j .0.

ardness below 50 ppm.

uspended matter below 25 ppm.

rganie content as low as possible.

orrosion potential at the lowest possible level.”

NSOk Lo

It is interesting to note that, according to the terms
of the agreement between the city and the company, the
city makes every practicable effort to maintain the fol-
lowing charaeteristies of the treated effluent:

‘“(3) The hydrogen ion content shall not exceed 7.8
or fall below 6.5, calculated on the basis of monthly
averages, ' '

““(B) The total suspended solids shall not at any time
exeeed an instantaneous maximum of fifty parts per mil-
lion apd the monthly average of such solids shall not
exceed twenty-five parts per million. This requirement
shall not apply to effluent discharged from the secondary

PERMISSIBLE UPPER LIMITS OF IMPURITIES IN PROCESS WATER USED IN PAPER MILLS

(After Miller) {243}

. : Digsoloed Total
Dezignation of Mill Bulfate, mg/1 Chlorides, mg/1 Solids, mg/1 Solids, mg/1 vH
8 —t - 425 425 7.0-7.2
10 70 4.5 140G 150 7.3 :
12 — 30 - 100 6-7
15 — - 59 _— 7.4
17 - 0.75 50 250 7.8
19 ) T 13 64 - 7.0
27 — _ — R 7296
29 50-200 4-12 - 153-283 160-290 not over
. 71
31 — 0 _ o -
43 — o — - 6.8.7.3
44 20 10 ki) 75 6.0-75
TABLE 5-7
SUMMARY OF SPECIFICATIONS FOR CHEMICAL |COMPOSITION OF PROCESS
WATERS FOR MANUFACTURE OF VIARIOUS PAPERS
Groundwood Soda and Kraft Paper
Substance Paper Sulpkate Pulps {See Note C} Fine Paper
(Amounts given in mg/1} {See Note A) {See Note B) Bleached Unbleached { Seg Note D)
Turbidity as 8i0,_ 50* 26* .40 100 10
Color in platinum units. 30 5 25 100 : 8
Total bardness as CaCOs____.___________ 200 106 . 10¢ 200 100
Calcium hardness as CaCQo _______ 50 — — - 50
Msgnesium hardness as CaCQs____________ — 50 ‘ — - —
Alkalinity to methyl orange as CaCQs ____ 150 75 5 150 75
Iron as Fe__ 03 0.1 0.2 1.0 01
Manganese as Mn — 0.1 0.05 0.1 05 _ 0.05
Siliea (soluble as SiQ.)______________ 50 20 50 100 20
Total dissolved solids 500 250 300 500 200
Free carbon dioxide as CO________ 10 10 16 10 10
Chlorides as (1 - 75 75 200 200 -
Residual chiorine as Cle________________~ — _— - 2.0

*Mateclals cansing turbidity stall not be gritty.
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settling tanks connected with the trickling filter unit,
which efluent shall not at any time contain fotal sus-
pended solids in exeess of an instantaneous maximum of
eighty parts per million and not exceeding, in monthly
average, fifty parts per million.

(¢} The five-day twenty-degree Centigrade bio-

chemieal oxygen demand shall not exceed an instantane-
ous maximum of forty-five parts per million, and its
monthly average shall not exceed twenty-five parts per
million. This requirement shall not apply to effluent dis-
charged from the secondary settling tank connected with
the trickling filter umit, the five-day twenty-degree
Centigrade biochemieal oxygen demand of which effinent
shall not exceed an instantaneous maximum of eighty
parts per million, and the monthly average of which
shall not exceed forty parts per million.

“(d) The chloride content shall not exceed one hun-
dred seventy-five parts per million calculated on the
basis of monthly averages’’ (249}).

Perhaps more significant than the use of treated mu-
nicipal sewage for the manufacture of steel has been
recirculation and re-use of water at the Fontana plant
of the Kaiser Steel Co. With a make-up of only 2.5%
per cyele, water is used abont 40 times before being lost
through steam or evaporation. Recirculated water 18
treated to remove aceumulations of suspended pollutants

(248). Water-quality requirements were not speciﬁed in
the surveyed literature.

SUGAR MANUFACTURE

The refining of suerose sngar from its natural sources
in sugar cane or beets is an imporant industry, espeeially
in California. The processes largely involve extracting
and coneentrating technigues, but care must be exercised
to prevent the inversion of sucrose to other related
sugars. Relatively little information dealing with the
quality requirements of proeess water for sugar manu-
facturing was uncovered, although there is no dearth of
information relating to the polluting characteristies of
sugar-manufacturing wastes, especially from the beet-
SUEAT PrOCess. .

"All process water in sugar manufacture should be as
free as possible from dissolved solids and completely
devoid of suspended solids. Hard water is especially
deleterions for it may form precipitates that accumulate
in the refined sugar. Process waters should be sterile, not
only with respect to eoliform bacteria and pathogens but
also to saprophytic organisms that may cause destruetion
of saceharose.

In sugar refineries, great care must be exercised to
make sure that no sugar gets into the boiler-feed water,
where it is especially detrimental (see Boiler Feed
‘Water).

Note A: Specification E 602 $-48 for Chemical Composition of
Process Water for Manufacture of Groundwood Papers (244).
“This specification should be considered only as a guide in

determining the guality of water to be used in the manufacture
of groundwood papers.

«DEFINITION—By groundwood papers are meant coarse papers
composed primarily of groundweod fibers such as are used for news,
telephone directories, cheaper grades of catalogues, pulp maga-
zines, ete.

“L IMITATION-—This specification does not apply te process
water for groundwood papers made from southern pine, nor o
process water to be used for groundweod pulp manuiacture.

“NQTES—). Chlorides are limited to 75 ppm because chloride
concentrations in excess of this amount tend to promote corrosion
of metal parts in the mapufacturing system.

“3. A Jimit for organic material i3 not included, since the nature
of the orzanic material is a controlling factor. For sgome lyDes &
much higher limit may be allowable than for others. The limit ¢n
color has a limiting effect on some of the more objectionable types
of soluble organic mattier. In general, organic materials should be
kept as low as possible in process water. .

Nore B: Specification B 603 S-48 for Chemical Composition of
Water for Manufacture of Soda and Sulfate Pulps (245). “This
specification should be consgidered oniy as a guide in determin-
ing the guality of water to be used in the production of
alkaline pulps.

“DEFINITION—By alkaline pulps are meant those pulps pro-
duced by chemical conking processes known as the soda process
and the sulfate or kraft process.

“LIMITATION —This specification for process water applies {fo
pulp manufacture only and not to the subsequent manufacture of
papers for alkaline pulps. It is prepared upon the premise that the
pulp will be processed in the normal way and without a final treat-
ment to offset the effects of undesirable impurities in ihe water.
Process._water of less parity is suitable it the pulip undergoes a
final corrective treatment.

~This specification is prepared upon the further premise that the
pulps may be bleached.

“NOTES—L Chlorides are limited to 75 ppm because chloride
concentrations in excess of this amount tend to promote corrosion
of metal parts in the manufacturing system. . -

“9 Calcium and magnesium compounds are limited to 50 ppm
each because of thefr tendency to form scales upon equipment and
precipitates on the pulp where water comes in contact with the
highly zlkaline chemicals used in process.

m3 Color, irom, and manganese are kept low because of their
te:ﬁdency to be absorbed by and to Iessen the brightness of bleached
puip.

4 Silica is kept low because of its tendeney to be absorbed by
and to increase the ash content of the pulp, and its possible tend-

eney to aggravate scaling in the evaporators and to interfere with

the settling of the white Haguor.” -

Nore C: Specification E. 601 8-53 for Chemical Composition of
Process Water for Kraft Paper Manufacture (351). “This
specification should be considered only as & guide in determin-
ing the guality of water to be used in the manufacture of kraft
papers. :

CTPHEFINITION—By kraft papers are meant coarse papers com-
posed of unbleached wood fibers produced by the sulfate process
and used primarily for wrapping and other packaging purposes,
High-grade sulfate papers, bleached or unbleached, such as con-
denser tissue, writing, book, file, folder, electrical insulating, and
metal wrapping, require water as specified in TAPPI BStandard
E: 600 S-48.

“NOTES—1. Chlorides are limited to 200 ppm because chioride
concentrations in excess of this amount are effective in promoting
corrosion of metal parts in the manufacturing system.

wg A limit for organic materials is not included, sinece the natura
of the organic material is a controlling factor. For some types &
much higher limit may be allowable than for others, The limit on
color has a limiting effect on some of the more objectionable types
of soluble organic natter. In general, organic materials should be
kept as low as possible in process water. .

“3 'This specification deals with process water for kraft paper
manufacture. It does not apply to the process water to be used for
kraft pulp manutacture.”

Nore D: Specificalion E 600 S5-48 for Chemical Compesition of
Process Water for Manufacture of Fine Paper. “This specifica-
tion shoutd be considered only as a guide in determining the
quality of water to be used in the manufacture of fine papers.
The figures given are believed to be the upper limits of comn-
eentration of the significant impurities which are permissible in
the mantfacture of the general run of fine papers.

“DEFINITION—By fine papers are meant bond, ledger, book,
and writing papers.

“NOTES-1., Certain special papers such as facial, cigarette,
filter papers, photosensitive papers condenser tissues, may require

. process water of a greater degree of purity than above specified.

“2 A limit for pH is not included since desirable limits for pH
will depend to a large extent upon the particular type and guality
of paper being made, the composition of the water, and the condi-
tion of operation.

“3, A limit for soluble sulphates and chlorides is not included
since these will be limited by the amount of total dissolved sclids.

“4 A lmit for organic materfals is not included since the nature
of the organic material is a controlling factor. For some types &
much higher limit may be permitted than for others. The lirnit on
color has a limiting effect on the more objectionable types of soluble
organic matter. In general, organic materials should be kept as low
ag possible in process water.” . :
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Recommended threshold concenirations of various eon-
stituents in water to be used for sugar manufacturing

are shown below. Recemmended Threshold

Constituent Values in mg/t
Calefum o _____-________ 20
Magnesiom _ . ________________ 10
Swlfate ___.______________ 20
Chloride _.__ _. _______ _ . 20
Bicarbonate, as CaCOs ______________ e 100
Iron . ___ e 01

References: 189, 250, 2343, 2344, 2375

SYNTHETIC RUBBER

The manufacture of synthetie rubber invelves the poly-
merization of raw materials such as farm-grown carbo-
~ hydrates, cesl, erude petroleum, limestone, salt, water,

and air. Large quantities of cooling water and smaller
quantities of process water are required. Non-corro-
siveness and freedom from suspended matter and algal

growths are among the desirable qualities of water re- -

ported from a synthetic rubber plant in Pennsylvania.
Water having a hardness of mare than 50 mg/1 and an
oxygen demand greater than 3 mg/l, measured by the
potassium permanganate test, Wa\q found to cause trouble
in another plant in West Virigini(lSQ, 251, 252).

TANNING OPERATIONS

An ancient art with a history of several thousand
years, tanning involves complex chemical reactions that
are not thoroughly undersiood. Only in the last 50 to

- 75 years have significant changes been made in the tan-
ning processes, and even now much of the skill depends
on ‘“‘rules-of-thumb.”” Ju the last decade, the develop-
ment of synthetic tanning substances and the extended
use of chromium compounds have altered the old arts
and processes.

Freedom from iron and manganese, and low eoncen-
trations of free carbon dioxide, biearbonate hardness,
color, and turbidity, are among the desirable quality
characteristics of waters used in soaking of hides and
tanning of leathers. Iron and manganese in such waters
are objectionable, for they may cause stains and dis-
eolorations.

During the liming process, the presence of bicar-
bonates and ecarbon dioxide may cause the deposition of
caleium carbonate precipitates which are dye-resistant.
High bicarbonates are also reported to cause a swelling
of hides (2368). Although hardnpess in the water may
interfere with certain processes, such as leaching tannin

extracts, dyeing, and fat liquoring, it apparently does

not interfere with chrome tanning or waste dyes in acid
baths (161).

A summary. of the recommended threshold and limit-
ing concentrations of various eonstituents in water nsed

for tanning leather is shown below:
Range of Recommended

Threshold and Limiting
Constituent Concentrations in mg/l

Torpidity . _  _________ 20

Color ___._ . ____ e 10100
Hardness, as CaC0a _______.____ _____ 50-513
Alkalinity, as CaCOs ____. ____ _______ 128-135
pH ______ L 6.0-80
Iron and manganese ____________ 0.2

Irow - __ . . e 01-20
Manganese _ - I e 01902

References: 152, 161, 189, 239, 253, 254, 2368

TELEVISION PICTURE TUBE MANUFACTURE

everal processes in the manufacture of monochrome
television picture tubes require distilled or demineralized
water. Salts that might contaminate the phosphorus
coating or form gas when the tube is hot must be elimi-
nated {2376).

TEXJILE MANUFACTURE (see also Rayon and
Acetate Fiber Industries)

Flor the waters used in the various textile processes,
such as wool scouring, cotton, keiring, dyeing, and finish-
ing,| the absence of suspended matter, turbidity, color,
iron, manganese, hardness, and organic matter is desir-
ablel Sufficient concentrations of suspended matter, color,
irom, or manganese can cause staining difficulties in
textiles. Manganese is especially objectionable in water
used for laundry work and in textile processing. Con-
centrations as low as 0.2 meg/l may cause dark brown or
black stains on fabries and poreelain fixtures. Hardness
can interfere with the soaps used in the various washing
operations and lead to the deposition of curds on the
textiles. Hardness, too, is reported to increase the break-
age |of silk in reeling and throwing operations. Some
hardness has been described as advantageous in waters

‘used for wool scouring. Nitrates and nitrites are reputed

to be very injurious in the dyeing of wool and silk.
Orggunic matter and microorganisms in the Pprocess water
can lead to the development of stains, odors, and growths
on the textiles being treated.

A |summary of the range of recommended threshold
and |limiting coneentrations of constitnents in waters
used| in the various textile-manufacturing processes is

shownt below. :
Range of Recommendead
Threshold and Limiting

Constituent Concenirations in mg/1
Trarbidity. S : 0.3-25
Color e 0-70
Iron and Manganese________________ 0210
Iron _— e 0.1-1.0

angawese_____.____________. . ____ _ 00510
ardness, as CaCOs__________________ 0-50
emical oxygen demand______________ 8
eavymetals ________  ________ __ none
leium ) 10
agnegiure______._____ . ___ 5
Snlfate - 100
Chloride__.._____ __________ _ _____ 100
Bicarbonate, as CaCOy____ ________ 200

Referemces: 152, 161, 162, 250, 255, 258, 257, 258, 259, 260, 261,
%3133, 2337, 2342, 2377, 2378

: AGRICULTURAL WATER SUPPL
(Irrigation) ‘

When water from irrigation or precipitation is ap-
plied fto cultivated land some of it may run off as surface
flow or be lost by direet surface evaporation, while the
remtainder infiltrates the soil. Of the infiltrated water, a
part js used consumptively, a part is held by the soil
for smbsequent evapotranspiration, and the remaining
surplys, if any, moves downward or laterally through
the sqil and substrata. The water retained in the soil
is kmown as the ‘‘soil solution.”” Tt tends to become more
concentrated with dissolved constituents as relatively
pure yater is utilized by plants or lost by upward capil-
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i)aI'Y action and evaporation. The soil solution ean only .
e rendered less saline by dilation with fresh irrigation
water or rain, and by downward leaching of exeess water.

Abs_oln’_se Jimits te the permissible concentrations of
salts in irrigation water eannot be fixed, for several
reasons (_262) : (a) It 1s almost universally true that the
goil solution is at least-three to eight times as concen-
trated as the water that replenishes it, becaunse of the
evaporation of water from the soil surface, transpiration
of plants, and the selective absorption of salis by the
Elants. (b) There is apparently no definite relationship
between the concentration and composition of the irriga-
tion water and those of the soil solution, which in some
cEses may be as much as 100 times more concenirated
2 ;m the water (246). (c) Plants very widely in their
olerance of salinity, as well as of specific salt consti-
tuents. (d) Soil types, olimatic conditions (such as {em-
perature, rainfall and humidity), and jrrigation prac-
tices may all influence the reactions of the crop to the
salt constituents. {e) Interrelationships between and
2}110ng constituents may be bighly significant; the effect
(Sgnﬁ ion may be modified by the presence of another.
andc dqntagomstm influences operate between caleinm
(2638)0 iﬂm; boron and mtratc‘as;.selemum and splfates)
N . A comprehensive deseription of the relationships
mong irrigation water, soil, and erops is given in Agri-
culture Handbook No. 60 of the U.SB. Department of
Agriculture (1642).

faggodf drainage of the soil may be a more important
"y ;‘ 0;‘3 crop growth than the salts in the jrrigation
drlz.? Y(—i ven when excellent waters are used, poorly
salir.ne land may sometimes go out of production; while
salr e waters, on the other hand, may sometimes be used
- E’e,n well-drained goils (264). The ¢‘egching reguire-

ent’’ (LR) is defined as the ratio of the equivalent

depth of drainage water o the depth of irrigation water,
da

D. that is required to maintain a given conecentration

%i S‘f’fﬂ solution at the bottom of the root zone (2379).
" effect, it is the percentage of irrigation water applied
o soils that must be leached beyond the Toot zone to

maintain soil solution concentrations low enongh for
good yields (2380).

“ E;ﬂe 1c011cen"r,ratim:l of salts in natural jrrigation waters
1eac}:11-'e v so high as to cause jmmediate injury to erops. 1f
. ing of the root zone does not take place, however,
inerconcem_;ratmn of Phe .301_1 Sol_ution st this depth will
. rease with suecessive irrigations until it reaches the
imit of solubility of each salt. The solubility of many
salts (such as borates, chlorides, and sulfates of sodium
allld magnesium) is heyond the tolerance limit of many
plants; consequently hese salts cap build up fo toxic
iﬁneeqtragmns_ (265, 266, 267, 268). The slow filling of

e soil with salts (resulting in the production of highly
concentrated soil solutions) will aventually force the
abandonment of an irrigated area {246). This action

was probably the cause of failure of many ancient jrri-
gation systems. .

" In any discussion of the quality of water for irriga-
. tion, it is necessary to consider the effeets of jts constitu-
elflts on both the plant and the soil. The deleterious effects

of salts on plant growth can result from: (a) direct

physical.eﬁects of salts in preventing water uptake by
planis (osmotic effects) ; (b) direet chemical effects upon
Ietabolic Teactions of plants {toxie offects) ; and/or (c)
indirect effects through changes in soil structure, perme-
ability, and aeration {246).

Owing to the many variable factors, 10 rigid limits
of salinity can be set for jrrigation waters. Aceording 10
authorities in Western Australia (282), water containing
up to 1000 mg/1 of salinity (dissolved solids) 18 suitable
for growing all types of plants, including the salt-suscer-
tible ones, provided that drainage is good. Water con-
{aining up to 2150 mg/1 18 suitable for most plants except
sensitive ones and water containing up to 3150 mg/1 has
been used for growing tomatoes, cabbages, and other salt-
resistant plants. (Generally, 3150 meg/1 is near the mazl-
mum for the safe watering of any plant, and in such
instances drainage must be excellent and each watering
should permit leaching from the root zone.

The substances most commonly found in natural irri-
gation waters are often listed under the following three
headings, which more oF less correspond with the three
types of injury just deseribed; (a) total salts, (b) sub-
stances found in low or trace concentration, and (¢
cations and anions (269). The total salt content, the
main effect of which is osmotie, 18 stated in terms of spe-
cific electrical conductance, a measure of eoncentration of
jons per unit of water, and/or in terms of total dissolve
solids, in milligrams Der liter of water. The gubstances
found in low concentration include compounds of boron,
gilicon, fimorine, sulfur, phosphorus, jron, and trace
elements ; nitrite and ammoniunm ions; hydrogen-ion con-
centration; and organic matter. These substances €01}~
tribute to the total osmotic effect; they are often essen-
tial, in limited amounts, for plant growth; and they are
often toxic above eertain coneentrations. The cations,
Ca+, Mg+, Na*, and K, and the anions, COs™, "COs7
S0, Cl-, and NO,-, contribute to the total osmotl1c
effect. Moreover, for the most part, they are essential for
plant growth ; they may, be toxie above certain concentras
tions; and they are additionally important because or .
their effect upon the character of the goil. Among the
trace elements, toxic effects may be produced by chro-
minm, cobalt, copper; lead, mercury, molybdenum, niekel,
selenium, and zine. These metals, as well as the sub-

‘stances in low concentration Jisted above, are discussed

separately in Chapter V1.

Becanse of all the variables involved, the classificatio™®
of waters for jrrigation use must be gomewhat arbitra}ry
and the limits set cannot be 100 rigid. Many studies
particular}jr at the University of California and t
Rubidoux and Regional Salinity Laboratories of 1.;he
7.8D.A., have regulted in the division of irrigatio®®
waters into broad categories designated as (a) ‘‘exC@lT
lent to good’” or tignitable under most condition® 7
(b) ‘“good to jnjurious’’ or ¢hgrmful to some plants
under certain conditions’’; and (e) ‘‘injurious to unsa& L
istactory”’ or ‘‘harmful to most plants under most conn A3
tions’”. Occasionally these classes have been further sﬂ?,‘
divided into groupings labeled ts gxeellent’’, ‘B0

s¢permissible’’, s¢injurious’’, and tyneatistactory”’ (2

4.6,

263, 264, 267, 268, 269, 271, o790, 273, 274, 1642; 1733~
1912, 2185, 2381). :
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For the sake of uniformity, the classifications reviewed
for this survey have been reorganized, where necessary, to
fit into the three-class system used in Tables 5-9 and 5-10.
The characteristics of water, which have been accepted
thus far as sufficient to determine its suitability for irriga-
tion, are (a) the total concentration of salts, expressed as
mg/1 or the specific electrical conductance (EC x 10% in
micromhos per centimeter-at 25°C, (b) the percentage of

. A Na X 100
sodium which is equal to Na+ Cat Mg T K
bases are expressed as milliequivalents per liter, and
{c) boron, chloride, and sulfate concentrations. These fac-
tors may all vary more orless independently, so that water
adequate in several respects may be rendered unsuitable
because of a high concentration of one lone eonstituent,
e.g. boron,

According to Doneen ( 1912), caleium and magnesium
carbonates and calcium sulfate should not be considered
in establishing standards for total salinity, owing to their
limited solubility. He suggests that the remaining soluble
salts be termed *‘effective salinity’’ and he proposes a
tentative classification for this new parameter.

In order to facilitate the determination of water gual-
ity for various crops, plants have also been classified
according to their toleranee of salinity, and aceording
to their tolerance of boren (246, 267, 274, 1642). The
salinity problem, sodium relationship, bicarbonate ef-
feet, and boron concentration in relation to the quality
of irrigation water are discussed herewith in Chapter V,
rather than in the appropriate part of Chapter VI, be-
cause they are so important io an understanding of
water-quality criteria for irrigation.

The uptake of fission products from irrigation water
and from fallout is a problem of inereasing concern.
According to Bowen (2382), cesium, strontium, barium,
and iodine are the only important fission produets that
are readily absorbed and transloeated by plants. As

- might be expected, strontium and cesinm closely resemble
caleium and potassium respectively in their behavior in
irrigation. For further details of radioactivity in relation
to irrigation, see Chapter VIII.

Many other substances whose presence in irrigation
water may be undesirable have been investigated, but
their limiting coneentrations have not yet been fitted into
standard routine systems of classification. Some of these
oceur in natural irrigation waters, but others such as
pathogenic bacteria and insecticides are found only when
they are added to the water as a result of man’s activi-
ties. While it might be useful o tabulate all of these
substances and their effects on irrigated crops in this
seetion of Chapter V, the resulting tabulation would be
cumbersome. Instead, the reader is referred to the effects
of various trace constituents of irrigation water, sum-
marized as ‘‘potential pollutants”, in Chapters VI to X
inelusive. For an interesting legal opinion involving the
sodium percentage in irrigation water, see Barakis v.
 American Cyapamid Co. in Chapter IV, Judicial Expres-

when the

. siomn.

my

ertain soluble salts are essential for plant growth,
but exeessive concentrations of dissolved salts are harm-
fal. In evaluating the effects of salinity on plant growth,
it [is seldom necessary to determine coneentrations of
individual salt constituents. A measurement of the os-
motic pressure of the soil solution generally suffices. The
eleptrieal eonductivities (EC) and total dissolved solids
contents. of soil solutions have been fourd to be suff-
ciently well related to their osmotic pressures to permit
the substitution of EC for the more involved osmotie
pressures (OP) determination. Another simplification
invplves substitution of the saturation extract of the
soil for the more difficult-to-obtain soil solution (2383).
Hence,

OP (in atmospheres) = 0.36 (EC, X 10%)

Where EC, X 103 is the electrical conduetivity of the
soil|extract in millimhos per cm at 25°C, Also:

Salinity (in mg/1) = 640 (EC, X 10%)

The valwes of EC, refer to the saturation extract of
the |soil and not to eleetrieal conductivity in the irriga-
tion water. It must be remembered that salinity of the
soil moisture is likely to be five-fold or even ten-fold that
e irrigation water, _ .
oderate concentrations of chloride in the root zome
(700 to 1500 mg/l in the soil moistare) usually cause
chloride to accumulate in the leaves to about 1 to 2 per-
cent| of dry weight. At suech eoncentrations, marginal
leaf burn develops, leading ultimately to leaf drop, twig
die-hack, and possibly death of the plant. Sodinm aceu-
mulations in leaves of 0.2-0.3 pereent of dry weight pro-
duces leaf burns and injury (2383, 2384a).

Ageording to Doneen (2385) the effects of salinity can
best |be evaluated by the ‘“potential salinity’’, defined as
the ¢hloride concentration plus half of the sulfate con-
centration, both in meq./l. Chloride salts are highly
soluble and toxie to some plants. Half the sulfate is used
beeanse this ion is less toxie to plants than ehloride and
beeatise less salinity will accumulate in the soil from
sulfate than from chloride, owing to the precipitation
of caleium sulfate. Limiting potential salinities in meq./1
for various soil eonditions and for the three elasses of
irrigation water deseribed in Table 5-8 are shown below:
Boil Condition Limiting Potential Selinity, meq./1

CQlass T Class IT Class 111
Al. Little leaching, owing to 3 35 5
low percolation rates
B. Some leaching, but restricted. 5§ 5-10- 10
Drainage is slow
Cl Open soils, deep percolation 7 7-15 i5

easily accomplished

SODIUM RELATIONSHIPS

Calcium and magnesium in the proper proportions
mainfain soil in good condition of tilth and structure,
while| the opposite is true when sodium predominates,
The ¢ffect of potassium on soil is similar to that of
sodiutn, but since the eoncentration of potassium is gen--
erally| quite small in water, potassium is often omitted
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from calculations or included in figures stated for sodinm sodium pereentage (ESP) to as much as 12 or 15 percent

coneentration. Im most normal soils in arid or semiarid (or, according to Doneen even to 8.5 percent im some
regions, caleium and magnesium are the prineipal cations cases) causes the granular goil strueture to begin to
break down when the soil is moistened. Various changes

held by the soil in replaceable or exchangeable form, with
sodium consisting of a small percentage, ie., about 3.0
to 7.0 pereent {278, 279, 280). Sueh soils, when nof mis-
used, represent a favorable physical condition for root
and water penetration. An increase of the exchangeable

take place resulting in the sealing of soil pores and a
decrease in soil permeability. With further inereases in
the sodium percentage, the goil eontinues to deteriorate
and its pH increases to the level of alkali soils.

TABLE 5-8

DETAILED CLASSIFICATIONS OF IRRIGATION WATERS
1
%, Sodium
Ma x 100 Boron—ma,/} _
EC X 106 at 25° C.
Aeferences K+ Na+ Mg Tolal saits Ghlorides Sulfates
(a) + Ca as men/] in micromhos/cm mg/1 Sansitive plants Semi-tolerant Tolerant meq/liter* meq;/liter®
<30 <500 <350 <05 <1.0 <1.b <5.5 <b.§
<40 R - <0.4 e <LE.0 <2 <4
<30 <500 <350 <0.5 <1.0 <1.5 i ——
<80 <750 - <0.5 <1.9 <2.0 R —-
<60 [ [ —— J— J— PO —-
<60 <1000 <700 —- <0.5 . R m
<60 . J— —— ——— _—— <5 ——
<60 <1000 <700 - <0.5 _ <5 <10
———— . - <0.5 <1.0 <i.b . ——
R R <500 — ———— — —— N
<40 <750 <525 <0.67 <1.33 <2.0 <7 <?
3070 500-2500 3501750 0.5-1.12 1-2.25 1.5-3.35 5.5-16.0
40-70 — R 0.41.0 . 1.0-2.0 4-12
36-70 500-2500 350-1750 0.5-1.12 1.6-2.25 1.5-3.35 J—
60-70 750-3000 - 0.51.0 1.0-2.0 2.0-3.0 —-
%ﬁs 1000-3000 700-2000 - 0.5-2.0 o o i
T8 J— R — —— [
60-75 1000-3000 700-2100 0?—‘;‘%5 10-20
i - 500-1500 i o i
46-80 750-3000 525-2100 1.33-2,50 7-20 7-20
>70 >2500 >1750 >2.25 >18 >16
>70 R o o >6 >12
>70 >2500 >1750 >2.25 ——— ———
>70 > 3000 - >2.0 — R
>75 >3000 >2000 >20 - o
>75 N J— —— J— >10
>75 > 3000 >2100 >2.0 — >10
. R [o— >2.25 >3.35 .
—— . 1500-2500 —— —— U
>80 3000 >2100 >2.50 >3.76 >20
* meq /Hter = mg/1 equivalent weight, for example, meq/1 of €1~ = w2/ O and meg/l of S0 = me/ 807 4?0’__
{a) Datz from References 263, 268, 269, and 1733 have been changed to fit this table. The original papers set up &
classes of water,
(b) EC x 108 at 25° C. Is a measure of salinity. See text.
Class1 Excellent to good, or suitable for most plants under most conditions.
€lass 1 Good to injuricus, barmfal to some ander certain conditions of soil, climate, practices,
lass XX Injuizons to ursatisfactory, unsuitable nnder most eonditions. -
) TABLE 5-9
SUMMARY OF CLASSIFICATIONS OF IRRIGATION WATERS
o Na
Na X 108
EC > 10¢at 25° C.
Na+ Ca+ Mg+ K Cldorides Solfates Specific conductivity Total salts
Class . as meq per liter Boren, In mo/l in men/t in mea/l (Concentration of fons) in mg/1
1 Less than 30-60% | Boron recormendation for water of this | Less then 2-5.5.. Eess than 4-10_..___| Earlier papers suggested Limit of ahout 500, | Up to about 700
(Most recent vmrl‘iY class is generally accepted as less than 8.5 ‘but poore recestly 1000 has been acoepted.
favors & 609 limit) | mg/1; however tolerant plants will not be
injured by 1.5 mg/l
I ot L . .5-2.0 mg/l, althovgh for folerant plants | 218 —oooee 430, _ BOO3000_ - e e m memmen 350-2100
wa&rwithbumnupwa.%mg/lmybe
satisfactory )
jins More than 70-75% —_| More than 2 mg/1 stthough water with more | More than 6-16. - More than 12-20____} More than 2500-3800_ - ceoeommmmmme More than 1750-2100
. Eanl}];?l may be highly unsuitable for sensi-
Tve ts
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It is easier for caleium to replace sodium in the exchange
complex than for sodium to replace calcium, and unless
the sodium in the soil solution is considerably in excess of
the ealeium, no caleium will be replaced. It must be borne
in mind that the soil sohition is always more concentrated
than the irrigation water. If magnesium constitutes a high
proportion of the total replaceable eations of the goil, more
sodium will be absorbed than if caleium is the only divalent
cation present (281). It has been widely recommended
Na X 100 '
Ca 4+ Mg + K
in irrigation water should not exceed 50-50, in order to
avoid the deleterious effects on soil which have been de-
seribed above. Where the soil has a high cation exchange
capacity and where the Irrigation water is very dilute,
values above 50 may be within safe limits (2386).

that the percentage of sodium (Na T

Alnminum, as well as caleinm, in soluble form and in
appreciable guantities, has been found to counteract the
injnrious effects of sodivm on clay; and hence applica-
tions of these cations may be used to remedy such in-
Jury (283, 348).

In 1954 the staff of the 1., Salinity Laboratory pro-
posed that the sodinm (or alkali) hazard of irrigation
water can hest be expressed in terms of the Sodium Ad-
sorption Ratio, or SAR ( 1642). This ratic expresses the
relative activity of sodium ions in the exchange reactions
with soil. It is defined as follows:

Na.

[4(Ca -+ Mg)]irz

where Na, Ca. and Me are eoncentrations of the respee-
tive jons in milliequivalents per liter of water. If sodium
bercentage is defined as

100N=
Na+ Ca + Mg
then SAR ean be expressed in terms of the milliequiva-

lents per liter of sodinm and the sodium percentage as
follows -

SAR =

Na 07, =

SAR =

Nal/2 2Na % ]”2

100 — Na 97

A thorongh description of the SAR and its use is con-
tained in Agricultural Handbook No. 60, U.S8. Depart-
ment of Aericnlture (1642). Chapter 5 of this handbook
18 an excellent treatise on the entire subject of the quality
of irrigation water.

Based on a SAR seale from 0 to 30 and conductivity
values of 100 to 5000 micromhos per em at 25° C a
diagram has been prepared for eclassifying irrigation
waters with respeet to sodium and salinity hazards, tak-
ing inte account that a given SAR represents a greater
hazard when the total concentration of ions is high than
when it is low. This diagram appears as Figure 25 of
U.8.D.A. Handbook No. 60 and it is reproduced here-
with as Figure 5-1,

Water in the CL-SI area of the diagram can be used
on almost all soils and for almost ail crops without detri-

mental effects. With increasing salinity, less exchange-
able sodium can be tolerated and more leaching will be
required to prevent salinity damage. Waters with an
SAR value greater than 10 will present an appreciable
sodium hazard in fine-textured soil having high ecation-
exchange capacity, especially as the salinity increases.
Water in the 82 range may be used on coarse-textured
or prganic soils with good permeability (1642, 2387). For
further analysis of this diagram, the reader should con-

sult U.8.D.A. Handbook No. 80.

Doneen (2385, 2388) uses the term ‘‘sodinm index’’
or [‘permeability index”’ to combine the effects of the

. sodinm and biearbonate ions and the total coneentration

of pations (¢) in the irrigation water, all measured in
milliequivalents per liter, thus: '

¥orla water having 5 meq/1 of sodium, 4 of bicarbonate,
5 _g 2 X 100

[

and|8 of total cations, the index would be

or 8f.5. Doneen (2388) presents curves to show the relation
of the permeability index and the total jonic concentration
for three types of soil and three classes of irrigation water,

BICARBONATE EFFECTS

The sodium hazard is also inereased if the water con-
taing a high eoneentration of bicarbonate ions, for as the
soi solution becomes more concentrated there is a tend-
ency for caleium and magnesium to precipitate as car-
bondtes and for the relative proportion of sodinm to be
incre¢ased as a comsequence. Therefore the bicarbonate
concentration of the water has been suggested as an
additional eriterion for irrigation water. It has heen
found convenient to express the biearbonate value of the
water in terms of the ‘‘residual sodium carbonate”’
(RSC) concentration, a eoncept devised by Eaton (2406)
and defined as follows: :

RSC = (COy - + HCOy) ~ (Cat+ + Mg+

when| the ionie constituents are expressed z;s milliequiva-
lenits | (meq.) per liter. _

Analyses of irrigation water and soil samples at the
Salilﬁty Laboratory have led to the conclusion that
waters containing less than 1.25 meq. per liter of resid-
ual sodinm carbonate are probably safe : those containing
1.25-2.5 meq. per liter are marginal ; and those with more
than 2.5 meq. per liter are not suitable. Marginal waters
might be used snccessfully where good management
practices are followed ( 1642, 2389).

BORON IN IRRIGATION WATERS

Borpn is found in almost all waters used for irrigation
in the US. A, in eoncentrations from a trace to over
100 me/1. It oceurs naturally in the form of borax,
borates, boric aeid, and various borosilicates, such as
tourmaline, which are of magmatic origin, Tt ean also
be found in fertilizers and certain wasté-waters, such as
those firom eitrus washing. In most natural waters, boron
probahly occurs as almost completely undissociated boric .
acid (2379, 2390). Although traees of boron are essential
for all| plant growth, it is doubtful whether more than
0.5 mg/l ean be applied continuously - to soils without
ultimately producing some plant injury (265, 275). -
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FIGURE b5-1.
IRRIGATION WATERS (from USDA handbook No.

Apgrieultural authorities agree that for irrigation
water the eritical coneentration is 0.4 to 0.5 mg/l; but
because plants vary in their sensitivity te boron, waters
may be classified not only according to their boron con-
tent, but also according to the tolerance of the crops to
which they are applied. Tables grouping plants in the
order to their sensitivity to boron will be found in sev-

eral papers, including the following references {246, 263,
264, 269, 274, 1642, 2391). The most sensitive erops are
citrus, nuts, and deciduous fruits; semitolerant are truck
crops, cereals, and cotton; most tolerant are letiuce, al-
falfa, beets, asparagus, and date palms. '
While some crops such as alfalfa and date palms are
stated to be uninjured by as much as 20 to 100 mg/1 of
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boron, it is considered that the mazimum eoncentration
safe for even the least sensitive plants is about 4.0 mg/1
(276).

Symptoms of boron injury can be distinguished easily
from those of most other types of injury, although occa-
sionally they are confused with those of sulfate poison-
ing. Among trees, advanced damage will resnlt in leaf-
yellowing and burning, premature leaf drop, and
reduced yield (276, 277). The quality of soil, drainage,
and climatic and other environmental factors, sueh as the
amount of rainfall and total amount of irrigation water
applied, can modify the safe concentration Limits. How-
ever, symptoms of boron injury may not become ap-
parent for as long as several years. They develop more
rapidly in light than heavy soils. Concentration of the
soil solution owing to evaporation and transpiration
tends to accelerate their apearance, but the absorptive
capacity of the soil may delay it. Parenthetically, it is
essential to remember that when boron in the irrigation
water is 0.5 mg/l, its concentration in the soil solution
may be more than 4 mg/l (265).

It has been suggested that where the boron eoncentra-
tion in irrigation water is high and cannet be reduced
economically, an effort should be made to grow more-
resistant erops in the area affected. A widely used elassi-
fication of water according to its boron conecentration is
shown in Table 5-10.

STOCK AND WILDLIFE WATERING

Paradoxieally, data with respect to the water-guality
requirements of animals are both abundant and sparse.
There is a wealth of information about the I.Dg, values
of thousands of compounds fed to laboratory animals,
mostly rats, mice, and guinea pigs, either in their diet or
in their drinking water. Yet, there are very few quanti-
tative data concerning the water-quality tolerances of
livestock and poultry. Veterinarians and animal-husban-
dry personnel in this country do not appear to be par-
tienlarly eoncerned over water gumality; but in Aunstralia
and South Afriea, where water for livestock is fre-
quently highly mineralized, considerable attention has
been directed to this problem.

Since the total quantities of substances ingested daily
are the eritical values for animal metabolism, the permis-
sible coneentrations of such substaneces in water will de-
pend, to sore extent, on the daily water consnmption of
the animals. The daily water requirements of animals
vary with a number of factors, such as the temperature
and humidity of the atmosphere, the water content of the
diet, the degree of exertion by the individual with a
resulting loss of water as sweat, and the salinity of the
available supply (284, 286).

The quantity of water required for livestock and ponl-
iry has been estimated as follows (284, 286, 2392) :

Waier consumption én
gpd per head, except as noted

Animal

Beef cattle 7-12

Dairy cattle 10-16

Horses 8-12

Swine 3.5

Sheep and goats 14 -
Chickens 8-10 (per 100 birds

10-15 (per 100 birds)

Tarkeys

TABLE 5-10

PERMISSIBLE LIMITS FOR CONCENTRATION OF BORON
IN SEVERAL CLASSES OF WATER FOR IRRIGATION

. (After Scofield) (263)

Concentration of Boron in mg/1
For Crops That Are

Cluss| of Water  Sensitive Bemitolerant Tolerant
Excellent Less than 0,33 Less than 0.67 Less than 1.0
Good 0.23-0.67 0.67-1.33 1.0-2.0
Permjssible 0.67-1,0 1.33-2.0 2.0-3.0
Doubtful 1,0-1.25 2.0-2.5 3.0-2.75
Unsuitable Over 1.25 Over 2.50 Over 3.75

It has been assumed that water safe for human con-
sumption may be used safely by stock; indeed, it has
been \recommended that stock, for their highest produec-
iiom, |should have such water (284, 285). On the other
hand, it appears that animals ean tolerate higher saiin-
ities than men, and it is coneeivable also that they differ
in their tolerance of gpecific substanees,

The use of highly mineralized waters can cause Aamong
animals, as well as among men, physiological disturb-
ances| of varying degrees of severity, such as gastrointes-
tinal symptoms, wasting disease, and death. Among the
funetions of animals, lactation and reproduction are
generplly the first to be disturbed by continuocus use of
waters with unfavorable mineral concentrations, so that
milk and egg production are reduced, if not terminated.

It has been stated that no animal will choose to drink
salinel water if better water is available. Within limits,
however, animals ean adjust to the use of saline waters
that at first were impossible to consume, On the other
hand, |sudden changes from slightly mineralized to highly
minerplized water may eause acute salt poisoning and
rapid |death (282). The tolerance of animals to salts in
water |depends also on other independent factors, inelud-
Ing their species, age, and physiological condition, the
seasony of year, and the salt content of the diet, as well as
the quality and quantity of salts present.

. The officers of the Depariment of Agriculture and the
government chemieal laboratories of Western Australia
(282, 393) have listed the threshold concentrations of
salinity tolerated by livestock in that region. The total
salts inelude the chlorides, sulfates, and biearbonates of
sodinm, caleinm, and magnesium, with sodium chloride
eonstifuting as much as 75 percent of the fotal salinity.
In general, it is stated thaf waters containing less than

300 grains per Tmperial gallon (about 5000 mg/l can
be used continuously by all livestock Sheep are more
tolerant than cattle, and catile are more tolerant than

Threshold Salinity Concentrations in

nimal graing per Imperial gallon myg /T
ouliry 200 2860
igs 300 4290
orses 450 6435
attle, dairy ) ) 500 7150
attle, beef T60 10,000
dult dry sheep ) S00 12,900

total salts exceed the above listed concertra-
ractical tests are needed to show whether or not

is the only feed. Where feed is low in salt con-
ater of higher salinity is also tolerable. Sheep
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have used water containing 18,600 mg/1 temporarily, but
lambs and ewes should be watched carefully when the
water has over 10,000 mg/l. The milk production of
cows is reduced by saline waters containing 7150 mg/1
or even less.

It has been found that when water is heavily saturated

with chlorides, sulfates, carbonates, bicarbonates, sodium,
caleium, and/or magnesinm, the injury caused represents
an osmotic effect of the total salts present rather than
a toxic effect of any eonstituent, The maximum concen-
tration of salts that can be tolerated safely by domestie
anmimals appears to lie between 15,000 and 17,000 meg/1,
although it is recognized that this limit may be too high
for animals in produection (287, 288). Alkali salts were
found to be somewhat more injurious than neutral salts,
sulfates more harmful than chlorides, and magnesium

chloride more harmful than ealcinm or sedium chloride.

Other investigators have found that concentrations as
high as 15,000 mg/1, while safe for limited periods, are
dangerous for continuous use {284, 289, 200, 291, 292,
293, 294, 295, 296, 1756, 2394, 2335, 2396, 2397). In
areas where the salinity of the water for livestock may
be a critical factor for the economie survival of the in-
habitants, much lower limiting values have been recom-
mended. For waters in the State of Colorado, a salinity
as high as 2500 mg/] is considered aceeptable for stoek
(285). For Montana waters, salt concentrations up to
2500 mg/1 are considered good; 2500-3500 mg/1, fair;
3500-4500 mg/1, poor ; and above 4500 mg/1, unfit (297).

A South Dakota bulletin (2398) classifies water for
livestock as excellent (0-1000 mg/1), good (1000-4000
meg/1), satisfactory (4000-7000 mg/1), and unsatisfac-
tory (over 7000 mg/1). These data were derived from
feeding experiments with rats, cattle, swine, and poultry.

Apart from the total salt concentration, some salts
are specifically toxic to animals, even in very low con-
centrations, and their presence in the water may render
it dangerous for use. Studies of the effects of excesses
of various chemicals on animal physiclogy are numerous
for laboratory animals, but most results deal with the
diet rather than in water. Among the compounds caus-
ing concern in water are nitrates, fluorides, and the
salts of selenium and molybdenum (298). The literature
dealing with specific chemical substances has been sum-
marized in Chapter VI and will not be repeated here.

Tt is reasonable to assume, a priori, that bacterial dis-
eases may be transmitted to livestock as well as to men
by infected water. However, the practical significance of
 water as a vector of animal disease has not yet been
established. Several independent investigators report
that cattle and swine to which sewage, sewage effluents,
and polluted water have been fed over long: periods (six
months to two years) have shown no signs of bacterial
infection (299, 800, 301, 302, 2399, 2400, 2401) even
when virulent disease organisms could be isolated from
samples of the fluids administered. The risk remains,
however, that the udders of cows having access to pol-
luted water or sewage-irrigated fields may become In-
feeted by typhoid or tuberculosis bacteria.

More work should be done to determine whether cattle
san be infected by bacteria in the concentrations found
in sewage effluents. Until more basie data can be fur-
nished it has been recommended that water with bacterial

contamination be treated completely for use by cattle
{301). On the other hand it has been suggested that
water should be condemned for ecatitle use only when
bacteria known to be pathogenic to cattle can be iso-
lated (303). The spread of beef tapeworms through
sewage must also be considered; for a discussion of this
problem, see Worms, Parasitie in Chapter VIL .

According to the section on animal diseases in the 1956
Yearbook of Agriculture (2402), the following diseases
may possibly be transmitred through contaminated
drinking water: brucellosis, bovine tuberculosis, leptospi-
rosis, listerosis, coceidiosis, and pullorum. While water
is implicated as a possible route of infection it is not
a primary or major source. Waste waters from slaughter
houses and dairies have also been suspect as a pathway
for the transmission of animal diseases, but this method
of infection has not been proved (2403, 2404).

Of far greater concern are toxic algae and/or protozea
in water consumed by livestock, poultry, and wild birds.
Although no guantitative evaluation of the concentra-
tion of toxic algae is given, there are numerous citations
in the literature of animal deaths attributable to the
consumption of such water. The subject of toxic algae is
covered in detail in Chapter VII.

Oily substances may possibly be detrimental to live-
stock, although the strong odor and disagreeable taste of
hydrocarbons are likely to prevent animals from consum-
ing water that is heavily polluted with oil produets.
Waterfowl, however, have suffered heavy losses from
contact with oil that sticks to their feathers and inter-
feres with their buoyancy in water. The entire subject
of the effects of oily substances on stock and wildlife is
eovered in Chapter VI.

PROPAGATION OF FISH AND 'OTHER
AQUATIC AND MARINE LIFE

The number of references dealing with the effects of
various pollutants on fish and other aguatic life far ex-
ceeds those pertaining to any other beneficial use of
water. A large proportion of such references has been
covered by this survey, but any attempt to condense
such information in this part of Chapter V was deemed
to be futile; instead the effects of each potential pollu-
tant are deseribed in Chapters VI to X inclusive. Certain
general considerations and fundamental concepts are
presented at this point, however, and tentative guides
for threshold concentrations in fresh and saline water.
are suggested.

Not only are the references dealing with fish mnumer-
able; they are also individualistic in their approaches to
the problem. The conditions under which the many in-
vestigators conducted their experiments varied widely
and until recently were seldom standardized. Henee, the
results by severs! investigators of the same pollutant
may not compare closely. This wide discrepancy arises
from variations in the species of fish or other organism
used, its prior handling, the temperature, the season, the
dissolved-oxygen content, synergistic and antagonistie
substances, the hardness and other mineral content of
the water, and the time of exposure (2407, 2408). These
effects are deseribed in greater detail below.’

Perhaps the most variable and most confusing aspect
of the numerous references is the nomenclature used to
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deseribe terminal effects. Some authors refer to threshold”
and limiting concentrations in muech the same manner
as they are used in this report, ie., a ‘“‘threshold”’ con-
centration is a point at which a physiological effect be.
gins to be produced or a point at which the use is not
damaged to any significant degree by pollution but slight
effects are noticeable; and a *‘limiting’’ coneentration is
one at which the quality of water for a beneficial use is
markedly impaired. Some investigators measure distress
as indieated by the frequency of gill action, others by
feeding or the absence thereof, and others by the reflexes
of the fish or their response to stimulants. Some refer to
““minimum lethal concentration’’ or ‘‘minimum lethal
dose’” with or without defining the time of the test and
whether one or all of the test animals succumbed. The
term that is appearing in recent literature and generally
approved by fish toxicologists is TLy, the median tol-

erance limit, or the dosage required to kill 50 percent of

the test animals within a specified period, such as 24 or
48 hours. Sometimes vague terms such as toxie concentra-
tion or lethal dose are used without further definition.

Tke time-concentration relationship is very important
in all studies of telerances of aguatic and marine life
toward pollutants. Thus, an organism may withstand a
I0-minute exposure to 200 mg/l of a eertain substance,
followed by a return to clear water, without any ap-
parent deleterions effect; yet the same organism may
succumb to repeated 10-minute exposures of that coneen-
tration or to a continuous exposure to only 20 mg/1 of
the same substance. On the other hand, by continuous
exposure to gradually increasing concentrations, the
organism may build up a tolerance to concentrations that
would be toxic to a non-acclimated organism. The effecis
of long-term exposures of fish populations to very low
sub-lethal eoncentrations are not clearly understood.

This relationship of concentraticn and time of expo-
sure is extremely important in considering the effect
of a slug of waste on the aquatic life of a stream. Nor-
melly a slug would be more deleterious than a steady
uniform discharge with adequate mixing, but in some in-
stances the eoncentrated shig may be ‘less detrimental
than the steady weak poilution. Or, perhaps the lack of
lateral or longitudinal mixing in a stream or tidal estu-
ary may be advantageous if it produces a local eoncen-
tration into which fish may swim accidentally, but from
which they can escape to clear water in a few minutes
without permanent injury.

A unique eoncept relating to the effect of pollutants on
fish has been presented by Hiatt, Naughton, and Mat-
thews {1737, 1738). The objective of their studies was to
find whether or not certain chemical compounds in highly
dilute solution would effect a dispersal of schooling figh.
Tests were conducted in 50-liter aguaria in which a small
“school (4 or 5) of Kuhlia sandvicensis was exposed to
chemicals dispersed or dissolved in sea water. In the
standard 2-minwte span of observation, responses varied
from mild to violent. Respiratory poisons indueed gulp-
ing, swimming at surface, and depressed activity. Cer-
tain substances caused tetanic or flaceid paralysis, fin or
operenlum distension, disorientation, or convulsions. In-
secticides of the irritant type were effective in dispersing
schools but respiratory poisons such as eyanides were
only moderately effective. The authors studied 87 com-

poynds and presented a table describing the irritant
activity of these substances. It is possible that the dis-
pexsal of schooling fish, even without other deleterious
effeets, might have ar economic significance or modify
the|natoral regime of the water eourse,

It is impossible to set up rigid quality standards or
limjting concentrations for broad general application over
2 wide area, because the many variable factors, both
physiological and environmental, ean alter the Tesponses
of 3811 to specific constitutents of the water. Some of the
mogt significant of these variables are considered in the
paragraphs below.

"a] The effects of harmful substances upon fish life
vary with species, size, age, and physiological condition
of the individuals. Water favorable for some species may
not | necessarily be adequate for others that have been
adapted to somewhat different conditions.

b The effects of deleterious substances upon fish vary
with the physical and chemical composition of the water
supply ; for example, in soft water the damaging effeets
of poisons are generally greater than in hard water. In
distilled water, very low concentrations of some pollu-
tants are deleterious. Decreased oxygen eoncentrations
and increased temperatures tend to increase the suscepti-
bility of fish to toxieants. Interrelationships between
the dissolved eonstituents of the water supply are also
extremely important. By synergistic action, the combined
influence of several substances simultaneously may re-
sult in greater damage to fish life than the sum of the
mdividual effects taken independently. For example, a
combination of sulfates of cadminm and zine, or nickel

-and |cobalt, are additive in effect, but combinations of

sulfgtes of copper and zime, copper and cadmium, or
niekel and zine ean produce up to five times the reaction
that would be expected if the effect were simply additive.
On the other hand, certain combinations of salts act
antagonistically to reduee the injurious effects of each.
For example, mixtures of salts have become progressively
less ftoxie when to sodium chloride solution has been
addeft caleium chloride, then potassium chloride, and
finally magnesium chloride (304, 305, 306, 307, 1459,
2407, 2408, 2409, 2410, 2411, 2412).

c. Hydrographical features of water courses and fluc-
tuating water levels, particularly in impoundments, may
also get to modify the effeets of pollutants on fish in their
natural habitats (308, 309).

d. In surveying the literature it is often difficult, if
net impossible, to determine “whether concentrations are
reported for pure compounds, or with water of hydra-
tion.

"For reasons such as these, as well as because of the
complexity of many effluents, chemical and physical data
alone| may be insufficient to predict ‘the regults of poliu-
tion gpon the aquatic life of a body of water (305, 311,
312, 548, 1459, 2410). While probable safe limits of con-
centrations of varions materials can serve as a helpful
guide| for waste discharges, it is genexally a good poliey
to conduct supplemental biologieal tests, or bioassays,
upon [the organisms invelved, or upon snitable indicator
organisms. Recently, attention has been given increas-
ingly |to the use of bioassays in or near the industrial
plantgs whose effluents are potentially hazardous for fish
(310,343, 1734, 1735, 2412).
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Bioassay procedures for the evaluation of acnte
toxieity of specific substances and mixed industrial
wastes were developed in 1951 by a sub-committee of the
Federation of Sewage and Industrial Waste Associations,
under the chairmanship of Doudoroff (2413). These pro-
cedures, with appropriate extensions and modifications,
have been incorporated into the 11th Edition of Stand-
ard Methods for the Examination of Water and Waste-
water (469). The test was designed to determine whether
or not a mixed industrial discharge is toxic (and if so
at what concentration and in what period of time) when
evaluated in water comparable to the quality of the
actual receiving stream and with local fish. While rea-
sonable uniformity of experimental procedure and the
manner of presenting results is desirable, rigid standard-

ization of the quality of water used and the test fish

would defeat the purpose of the experiment.

Sinee the widespread adoption of this standard
method, there has been a marked improvement in the
bioassay results reported in the literature. These results
are now expressed as the 24-, 48-, and sometimes 96-hour
Tl values, with a specified fish and recorded tempera-
ture. They indicate the concentration of waste required
to kill 50 percent of the test animals the specified
time ; but they do not reveal a ““safe’’ or threshold con-
eentration at which little or no deleterious effect will
oceur. Application factors for converting TL,, values to
safe concentrations have been suggested, but as of 1961
no suitable faetor or formula had been found (2038,
2412}. :

Extensive bioassay work has been performed to deter-
mine the effects on fish and other aquatie or marine
animals and plants of dissolved ozygen, pH range, tem-
perature, free earbon dioxide, ammonia, suspended and
dissolved solids, turbidity, detergents, pesticides, oily
substances, other biota, and hundreds of other specific
organic and inorganic substances as well as mixed in-
dustrial wastes. These results have been summarized
under the appropriate headings in Chapters VI-X in-
elusive.

Attention is invited espeeially to the subject of radio-
sctivity and the faet that radionuclides can be conecen-.

trated by faetors of 10° to 108 in the aquatic and marine
food chains. This problem is discussed in detail in Chap-
ter VIII and also under the next section of this chapter
dealing with shellfish. It is important here to note that
fish, as the end product of the aguatie or marine food
chain, tend to aceumulate the radioactive substances con-
centrated by algae, protozoa, crustacea, larvae, insects,
and other links in the food chain.

CRITERIA GUIDES FOR EVALUATING THE QUALITY OF
WATER USED FOR PROPAGATION OF FISH

Criteria for the guality of fresh water that will sup-
port a good mixed fish fauna were first presented by
Ellis et al. (247, 313, 347) who proposed the following
Hmits:

1. Dissolved oxvgen, not less than 5 mg/1;

2. pH, approximately 6.7 to 8.6, with an extreme

range of 6.3 to 9.0;

B—

3. Specific conductance at 25° C, 150 to 500 mho X
10-%, with a maximum of 1600 to 2000 mho X 10-¢
permissible for streams in western alkaline areas;

. Free carbon dioxide, not over 3 ce per liter;

. Ammonia, not over 1.5 mg/1; '

6. Suspended solids such that the millionth intensity
level for light penetration will not be less than 5
meters.

ST

In the absence of toxie substances or pollutants, the
water deseribed above is favorable, and not merely sub-
lethal, for a mixed warm-water fish population and its
food organisms, It must not, however, be assumed that
fish are not found or cannot survive in waters with con-
eentrations beyond these limits.

A review of the general quality of water required
for the maintenance of aguatic flora and fauna was
presented by Stander (1736) but this publication does
not differ significantly from the thorough reports by
Ellis. '

A most thorough analysis of water-quality criferia
for fish and related organisms has been condueted by
the Aquatic Life Advisory Committee of the Ohio River
Valley Water Sanitation Commission, as presented in
its first three progress reports (2109, 2408, 2414).

SHELLFISH CULTURE

The water-quality criteria for the growing of shell-
fish are sufficiently different from those for fish and
other aquatie or marine life to warrant special attention
as a major beneficial use of water. This section, however,
is limited to the bivalve mollusks: oysters, clams, and
mussels. After they bave passed through the larval stage,
most shellfish are non-motile benthie organisms that are:
ineapable of changing location to avoid an unfavorable
environment. The bivalve mollusks, by the very nature
of their feeding mechanism, tend to concentrate and
accumulate viruses and bacteria, including pathogens,
from the overlying water. Moreover, unlike other ma-
rine life, these forms are frequently eaten raw. In addi-
tion to bacteria, the bivalve mollusks also serve to
concentrate radionuclides and paralytic poisoms, as de-
seribed later in this section.

OYSTERS AND CLAMS

It is generally recognized that all good -oyster beds
are in the estuaries of rivers or in sounds, where they are
influenced to a large extent by tidal action, topography,
and bottom conditions. Tidal action controls the flushing
of an estuary and combines with stream flow to govern
the salinity. Along with topography, it influences the
cleansing of beds, the removal or deposition of silt, and
the supply of food (2415). Clams, on the other hand, live
in beach sands along the open ocean as well as in mud
flats of estuaries and bays. The requirements for good
yields of marine shellfish include favorable bottom, ade-
quate food, and proper water guality. The bottom must
be firm enough to give support to the spat and keep
1he adults from sinking. Shifting sands, soft mud, slime-
covered debris, and sedimentary deposits are undesirable
for shellfish culture (314, 315, 316, 317, 1448, 2415,
2416). The characteristics of water that are important
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for ‘shellfish produetion include temperature, salinity,
pH, oxygen concentration, eopper content, and the pres-
cnee of substanees deleterious for shellfish development
or hazardous to shellfish consumers.

Oysters and clams will tolerate wide variations in
temperature, from freezing to 30° C, or perhaps to 35°
C for hardier species. At water temperatures below 5°
C, however, these shellfiish are almost dormant, with
little or no feeding and very slow metabolism (2418),
Moreover, they will not spawn in the summer if tem-
peratures do 1ot rise to a eritical level, e.g., 13° to 18°
for Olympia eysters (Ostrea furide) and 18° C or above
for Pacific oysters (Crassostrea gigas). At higher tem-
peratures, oysters metabolize their stored reserves of
glyeogen and econsequently deteriorate in quality. Above
22° C, they are very poor (2415).

Oysters grow in brackish waters and can tolerate a
broad range of salinities, which differs with species. They
bave been found at salinites from about 7,000 mg/! to
35,000 mg/1 (314, 315, 318, 319, 320, 321) but salinities
as low as 5,000 mg/l have caused death after several
days (322). According to Churchill (315}, the most fa-
vorable salt concentrations are between 18,500 and 34,-
000 mg/]1 and salinities below 13,000 mg/]1 can be toler-
ated for only brief periods. Salinities lower than 12,000
mg/1 are definitely detrimental, for the oysters become
watery and lose weight (2415). Other ‘‘most favorable”’
salinity ranges reported are 8,750 to 12,250 mg/1 (320),
10,000 to 27,000 mg/1 (318), and 30,800 mg/1 (314).

The gaper clam appears to be restricted to a minimum
salinity of about 27,000 mg/l while the softshell elam is
found in a wide range of salinities, almost into fresh
water (2417). Asiatic elams, which have become trouble-
some in western water supplies and irrigation systems,
prefer fresh water (2418, 2419, 2420, 2421). .

Oysters generally grow in neutral or slightly alkaline
water. They may be injured by a pH lower than 6.5
(323) and they have been killed by a pH value as high
as 9.1 (324). .

Adequate dissolved-oxygen concentrations are essen-
tial. The minimum oxygen requirement of oysters. at
25° C has been found to vary with the season, salinity,
and pH. Minimum dissolved-oxygen utilization ranges
from 1.1 to 5.8 ml per hour (325). Oysters have heen
found to be fairly tolerant of temporary oxygen deficien-
cies (326, 327).

"For setting, oyster larvae require a copper concentra-
tion around 0.05 to 0.06 mg/1 (328), but concentrations
above 0.1 to 0.5 mg/] are toxie (329). The 96-hour Ty,
value of copper to oysters was estimated at 1.9 mg/1,
but such concentrations are not likely to oecur in natural
water. Oysters in water eontaining 0.13 to 0.50 mg/] of
copper deposited so much copper in their tissues that
they were unfit for food (2422). . . ]

Certain pesticides (DDT, toxaphene, aldrin, dieldrin)
have been found to be deleterious to oysters in low con-
centrations (2423, 2515). For further details, see Chap-
ter 1X.

Oysters and clams feed by straining the water and
extracting the plankton organisms. They are capable of
pumping up to 50 liters per hour. The rate of pumping
varies with the temperature, salinity, silt eontent of the
water, and the -concentration of organisms in the water.

gisted chiefly of diatoms, but recent findings indicate
that nannoplankton, especially the small fageliates, con-
stitute the major source of sustenance (2415). Bacteria
are|strained out of the water along with the flagellates,
diatoms, and other higher forms of marine life, but bae-
terla are not believed to be a significant dietary compo-
nent. Owing to the fact that oysters and claims live on
plankton, any change in water quality that will aiter the
plankton is bound to have an effect on the shellfish (314,
315] 316, 317, 1448, 2415).

ysters are subject to competition, diseases, and pred-
atons. Indeed, it has been estimated that only one out
of every million oyster eggs survives to reach adulthood.
Competition occurs in erowded oyster beds, from limpets,
and| from plants such as watermilfoil (2424). Among
major predators are drills, flatworms, and starfish.
Sponges may also be detrimental (2425). Diseages are
caused by a fungus ( Dermocystidium marinum), a flagel-
late |protozoan (Hexamita), a copepod parasite (Mytili-
cola |orientalis), and possibly by dinoflagellates such as
Gonyaulaxz scrippsae (see also Chapter VII—Fungi).
Any|changes in water quality that favor the development
of any of its enemies are bound to have a detrimental
effect on the oyster (2415). :

Considerable research has been conducted to determine
the tolerance of oysters to industrial poilutants such as
sulfile waste liquor and oily substances. For details of
thesq bioassays, see the specific potential pollutant in
Chagter VI. '

It {vas formerly believed that the diet of oysters con-

- MUSSELS

Seyeral hundred speecies of fresh-water mussels are
known, adapted to speeial environmental conditions and
inhabiting lakes and rivers, shallow or deep, cold or
warn). For natural ocenrrence they reguire the entry
and survival of fish that serve as hosts for the young
mussgls during a part of their development. Mussels are
often| a nuisance in domestic and industrial water Sys-
tems (2418, 2419, 2420, 2421, 2426).

Neither marine nor fresh-water mussels ean survive
on a shifting bottom; however, from elean sand or soft
silt tq coarse gravel and boulders, a variety of hotioms
are S‘Litable for various species. Mussels are found at
varionts depths and under different conditions of light
Denetration. While some suspended organic materials
may serve as food, excessive turbidity or heavy siliing
can smother mussels or stop their feeding movements,
and E}Jntribute to oxygen depletion by blanketing decay- -
ing material having an oxygen demand. Adult mussels
have become inactive when the oxygen tension of the
water was reduced to 20 pereent of saturation, and the
young are even more sensitive to oxygen deficiency. Silt
and chemieal pollutants constitute a threat to the sur-
vival of fresh-water mussels (331, 832). Marine mussels
are especially susceptible to the accumulation of para-
Iytie toxie plankton, as described below.

PARALYTIC SHELLFISH POISONING

The |marine armored flagellate, Gonyauloz catenells,
contains an alkaloid toxin which is not harmful to the
flageligte nor to shellfish that feed npon it and concen-
trate the toxin; but it is ten times as potent toward
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mice as strychnine (2427), and i can cause a paralytic
effect, serious illness, and even death in humans (2428).
The public-heaith significance of paralytic ghellfish
poisoning is throughly described by McFarren et al.
(2429) in a comprehensive monograph on this subject.

Toxicities for this substance are expressed as mouse
units (m.u.). The mouse unit is defined in terms of the
amount of toxin in a shellfish extract that will canse the
death with paralytie symptoms of a standard 20-gram
mouse in 15 minutes from the time of injection. It is a
variable unit depending on the resistance to the foxin
of the mice used in the tests, but one m.u. is generally
equivalent to about 0.2 micrograms of purified toxin. For
toxieity tests, 100 grams of shellfish meat are extracted
with 100 ml of dilute hydrochlorie acid. The elear ex-
tract is separated from the meat by decantation or cen-
trifugation. If an injeetion of 1 ml of this extract kills
a 20-gram mouse in just 15 minutes, the toxicity of the
shellfish is said to be 200 m.u. Where the shellfish are
highly toxie, dilutions of the extract are used (2430).

A toxicity of 200 m.u. or less is considered harmless.
When toxieity exceeds 400 m.u., the collecting of shell-
fish is generally banned. Experience along the Pacific

- Coast has demonstrated that the mussel, Mytilus coli-
fornianus, accumulates the toxin to excessive amounts
during summer months; consequently the collection of
mussels is generally banned during warm weather. The
1959 Manual of Recommended Practice for the Sanitary
Control of the Shellfish Industry, published by the
U.S. Public Health Service, speecifies that ‘‘If the poison
content reaches 80 micrograms per 100 grams of the
edible portions of raw shellfish meat, the area shall be
closed to the taking of the species of shelifish in which
the poison has been found’’ (2431).

Oysters and clams have also been implicated in the
paralytic shellfish poisoning of humans (2428, 2432,
2433). When exposed to the same water, however, the
California mussel attains high toxieity levels much more
quickly than oysters or clams. Oysters are least sos-
ceptible. Moreover, when the flagellate leaves the over-
lying water, oysters lose their toxicity most rapidly and
mussels appear to retain it for the longer time (2434).

ACCUMULATION OF RADIONUCLIDES BY SHELLFISH

Radionuelides may become assoeiated with aquatic or
marine organisms in three ways: (a) through adsorption
to surface areas, (b) through absorption from the sur-
rounding medium, and (¢) through ingestion as food.
In some instances, espeeially in those tiny organisms
that have a large ratio of surface to volume, adsorption
is the most important mechanism (2435, 2436, 2437).
(flams and oysters have been shown to accumulate and
concentrate significant amounts of certain radionuelides,
both in their shell and in their meat. Most of this ae-
camulation oceurs from the ingestion of nannoplankion

that have adsorbed or absorbed the radio-elements, al- .

though some of the radioactivity of the shell may be at-
tributed to direct adsorption (2438).

Mollusks, as invertebrate animals, are eapable of with-
standing high concentrations of radioaetivity without
apparent harm. A dose of 5000 to 20,000 roentgens is re-
quired to canse a 50-percent mortality in moliusks, and
up to 50,000 roentgens are needed for 100-percent mor-

tality (2439). Consequently, they can accumulate con-
siderable amonnts of radioaetivity that may be harmful
to human beings without being deleterious to the shell-
fish themselves, : L

Tt has been demonstrated by several investigators that
plankton coneentrate certain elements, whether radio-
active or not, from the surrounding waters. These con-
centration factors have been evaluated for many organ-
isms and for many elements. They range from less than
1.0 (i.e., the concentration of the element is Jess in the
organism than in the surrounding water) to over 100,000.
Moreover, the accumnulation factor is different for the
shell, test, or skeleton than for the organism proper, and
in higher forms it varies from organ to organ. Todine,
for example, concentrates in the thyroid whereas cal-
cium, strontium, and iron concentrate in the shell or
skeleton (2435, 2436, 2440, 2441, 2442, 2443, 2444). In-
asmauch as they feed on primary accumulators. of radio-
activity, shelifish act as secondary eoneentrators. For a
more detailed review of this problem, see Chapter VILL

The USPHS has recognized the potential danger asso-
ciated with aceumulation of radionuclides by shellfish in
the 1959 Manual of Recommended Practice for the Sani-
tary Control of the Shellfish Industry (2431) by making
low radioactivity one of the three criteria for approved
shellfish areas. :

Oysters appear to be especially adept at accumulating
zine from surrounding waters (2445). It has been esti-
mated that oysters concentrate Zn-65 by a factor of about
20,000 from their environment (2446), whereas the
concentration factor for Sr-89 is approximately umity
(2431). The diatom Nitzschia closterium apparently con-
centrates Zn-65 very effectively and hence acts as one of
the steps in accumulation by shellfish (2447).

BACTERIAL AND VIRAL CONTAMINATION OF SHELLFISH

Shellfish have long been implicated as significant vee-
tors of typhoid fever and other enteric diseases. Recently,
they have been demonstrated as the transmitting agent
for infectious hepatitis. QOwing to the fact that they

strain bacteria as well as plankton from the surrounding
water, they serve as concentrators and carriers of patho-
gens.

The bacterial content of the meat and shell liguor of
shellfish will generally reflect the bacterial quality of the
water in which the animals have grown. The relationship,
however, is subject to many variable factors. For ex-
ample, the soft shell clam shows a econsistently higher
eoliform econtent than do other species harvested from
waters of similar eoliform concentration. Eastern oysters
harvested from the Gulf areas have higher coliform eon-
tents than those from Middle Atlantic states. Finally,
there is also a marked seasonal variation (2431). Never-
theless, it can be expected that the coliform eontent of
ghellfish, as MPN per 100 grams, will be from one to ten
times as high as the MPN per 100 ml of the water from
which they were taken. Furthermore, Salmonella organ-
isms as.well as eoliforms will survive in shell Hanor of
harvested shellfish for 15 to 60 days, although there is
little evidence that they will multiply in shellfish (2448).

The aforementioned USPHS Manual of Recommended
Practice (2431) classifies shellfish growing areas. into
four categories: approved, conditionally approved, Te-
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stricted, and prohibited areas. To be fully approved, an
area must meet these three eriteria: :

a. The area must not be so contaminated with feeal
material that consumption of the shellfish might be
hazardous. (The proximity of sewer discharges, even
from secondary treatment plants, would be considered
a hazard.) .

b. The area must not be so contaminated with radionu-
clides or industrial wastes that consumption of the shell-
fish might be hazardous. (The level of radioactivity and
quantitative criteria for indusirial wastes are not spee-
ified.)

¢. The coliform median MPN of the water must not
exceed 70 per 100 ml and not more that 10 percent of the
samples may exceed an MPN of 230 per 100 mil. These
hmits need not be applied if it ean be shown by detailed
study that the coliforms are mot of direct feeal origin
and do not constitute a public-health hazard.

A conditionally approved area is one that meets the
water-quality requirements of an approved area, but the
attainment is dependent upon the proper performanece of
a sewage treatment plant discharging effleent directly or
indirectly to the area.

Amn area may be classified as restricted when a sanitary
survey indicates a limited degree of pollution that would

make it unsafe to harvest the shellfish for direet mar-

. keting. Shellfish from such areas may be marketed after

self-purification in mildly chlorinated water, or after
transplantation in clean water for a suitable period. For
a restricted area, the coliform median MPN must not ex-
ceed 700 per 100 ml and not more than 10 percent should
exceed an MPN of 2300 per 100 ml. Otherwise, the
eriteria. are the same as for approved areas. .

If an area is so contaminated with radionuelides or in-
dustrial wastes that consumption of the shellfish might
be hazardous and/or if the eoliform content exeeeds a
median valne of 700 per 100 ml or a 10 percent value of
2300 per 100 ml, the area is classified as prohibited

2431). .
( No bacteriological criteria have been formally estab-
lished in the U.S.A. for shellfish as marketed and eon-
sumed. In 1956, however, the Shellfish Sanitation Work-
shop (2449), sponsored by the USPHS, adopted two-year
interim bacterial standards for marketed shucked oysters
with three classes as follows:

Celiform Stendard Plate

Class Description MPN per 100 ml Count per mi
" 1 Accepiable . Not over 16,000 Not over 50,000
2 Acceptable on condition* Not over 160,000 Not over 1,000,000
3 Rejectable Over 160,000 Over 1,000,000

* Oysters will be saceepted on the econditlon that the shelfish sanitation amtherity in
ystthe priginating state will make -immediste investigations of the producer’s plant
and operations, and submit a report to the eontrol agency fn the market area.

In 1951, Canada adopied a similar system of classifica-
tion except that the MPN limit on the aceeptable class
was set at 2400 per 100 ml, . :

It is certainly incongruous that the USPHS Drinking
‘Water Standards restriet the coliform content of petable
water to one per 100 ml, yet oysters containing 16,000
coliforms per 100 ml are considéred to be accepiable.
Most persens, to be sure, consume over 16000 times as
much water as oysters. Nevertheless, a signifiecant number
of people frequently eat a dozen raw oysters or clams on
the half shell. It is not surprising, therefore, that shell-

fish| constitute one of the weakest links in our defense
against enteric infection, whether bacterial or viral.

In 1958-1959, a study was undertaken to evaluate the
interim standards for shucked oysters. This study (2450)
and|subsequent work by Kelly et al. of the USPHS Shell-
fish |Sanitation Laboratory (2451, 2452) have indicated
thatl the entire coliform group of organisms is not a
meapingful indieator of pollution in shucked oysters at
the market. Instead, they recommended the adoption of
a new interim standard based on densities of Escherichia
coli.| A satisfactory sample of shuecked oysters should
show a fecal coliform density (MPN) of not more than
78 per 100 ml and a plate count of not more than 100,000
per ml (Class 1a}; except that a fecal coliform density
up tp and including 230 per 100 ml and/or a plate count
up to and ineluding 500,000 per ml will be acceptable
m oqeasional samples (Class Ib). Unsatisfactory samples
(Clags IT) are those that exceed 230 fecal coliforms per
100 or a plate count of 500,000 per ml.

ile the bacterial quality of shucked oysters is not
directly related to water-quality criteria for shellfish
growing areas, an understanding of the entire problem
should lead io.a better evaluation of this beneficial use
of water.

The role of oysters as vehieles for the transmission of
hepatitis from sewage-polluted waters was demeonstrated
firmly during an epidemic in Sweden in 1955-56 (2453).
Outbreaks of infectious hepatitis in Pascagoula, Missis-
sippi; and in Troy and Mobile, Alabama, in January
1961,| were definitely traced to oysters harvested from
sewage-polluted waters near Pascagoula (2454). Finally,
there|is strong epidemiological evidence that much of the
endemie occurrence of hepatitis along the eastern sea-
board is attributable to the consumption of raw or par-
tially| cooked clams. Crovari (2455) has demonstrated
that mussels may be regarded as possible vehicles for the
dissernination of poliovirus. Mussels will accumulate po-
lioviris from seawater and passage of the virus through
ollusk does not affect its pathogenicity. It appears,
therefore, that shellfish are capable of transmitting en.
teric virnses as well as bacteria.

SWIMMING AND BATHING WATERS

To |be acceptable to the public and the regulatory
authorities, waters that are used for swimming and
bathing must conform to three general conditions: (a)
they must be esthetically enjoyable, ie., free from ob-
noxions foating or suspended substances, objectionable
color, |and foul odors; (b) they must contain no sub-
stanees that are toxie upon ingestion or irritating to the
skin of human beings; and (e) they must be reasonably
free from pathogenie organisms (333).

Str¢am standards that have been promulgated by
various state and interstate agencies (see Chapter TII)
seldon attempt to define the first two conditions in any
but geperal terms, ie., the standards are qualitative and
deseriptive without being quantitative. Occasionally
limits are set for temperature, pH, eolor, and turbidity
inasmuech as these parameters are easy to determine. For
a further discussion of the effects of potential physical
and chemical pollutants on bathing-water quality, see
the speeific substances as listed in Chapter VI,
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The third condition given above, viz, that swimming
and bathing waters be reasonably free from pathogenic
organisms, has been subject to striet and definitive bae-
terial standards in many states and regions. It is agreed
by most investigators that the bacterial guality of water
for bathing need not be as high as that for drinking, but
that natural bathing water should be maintained reason-
ably free of bacteria of known sewage origin. Present
knowledge and technical procedures are not sufficient to
permit the development of precise quantitative standards
to distinguish between bathing beaches that are safe
and those that are not safe. Despite this limitation, many
state and interstate agencies have promulgated bathing-
water standards. '

Garber (2456) has collated and evaluated the bacterial
standards for bathing water from several state and mu-
micipal agencies. He and others have moted that the
coliform concentration of aceeptable bathing areas vary
widely from 50 to 3000 bacteria per 100 ml (330, 333,
334, 335, 2456, 2457). This observation is confirmed by
a review of Chapter III of this report and iis appen-
dices. Moreover, standards are sometimes expressed in
terms of the arithmetical mean, the geometrical mean, or
the median of monthly samples. Occasionally, the max-
imum concentration is specified. Frequently, the percent-
age of samples that may exeeed a stated conceniration is
indicated.

Perhaps the most restrictive standards are those of
the states of Utah and Washington (see Chapter III)
which limit the median coliform content of a representa-
tive number of samples to 50 per 100 ml (336). Utah
further specifies that not more than 5 percent of samples
should exeeed 100 eoliform bacteria per 100 mb Several
states }imit the mean coliform density to 240 per 100 mi
(see Chapter ITI and -appendices). The most widely
utilized criterion is patterned after the ORSANCO ob-
jeetive that the arithmetical mean coliform density not
exeeed 1000 per 100 m] and that this concentration not
be exceeded im more than 20 percent of the samples in
any one month. Some agencies add the further restric-
tion that the average of the samples taken on any day
shall not exceed 2400 coliforms per 100 ml. For proper
interpretation, bacterial results should always be supple-
mented by sanitary surveys and local epidemiological
statisties (334, 335, 337, 338, 339, 340, 341, 342, 345,
2456, 2457, 2458, 2459, 2460, 2461, 2462).

Tt is interesting to compare the promulgated standards
with coliform concentrations that actually exist in bath-
ing waters. Scott (2463) reported results of a eompre-
hensive survey in 1955 and 1956 of bathing waters along
the entire Connecticut coastline and also along some tidal
rivers. A total of 1150 samples were examined. The total
mileage of shoreline was divided into four classes, with
the following results: coliform densities were equal or
less than 50 per 100 ml along 27.6 percent of the shore-
line, equal or less than 500 per 100 ml along 80.1 percent,
and equal or less than 1000 per 100 ml along 94.5 per-
cent. Cloncentrations exceeding 1000 per ml were found
only at 5.5 percent of the shoreline. On the basis of these
results, a standard of 1000 coliforms per 100 ml for a
mean monthly density would not appear to be undunly
restrictive.

THE RATIONALE OF BACTERIAL STANDARDS FOR
SWIMMING AND BATHING WATERS

Insofar as this survey has been able to determine, all
of the bacterial standards for bathing waters as promul-
gated by state, interstate, and Jocal agencies have been
established arbitrarily on the basis of esthetie considera-
tions and ability of compliance. None are founded on
sound epidemiologieal evidence that bacterial infections
have been spread by contact with contaminated water.
Yet, there must be some rationale for determining bac-
terial criteria for bathing waters, based on the proba-
bility of infection. Certainly the possibility of infection
exists, especially in swimming pools and fresh natural
waters where some of the water may be swallowed. The
possibility is more remote in saline water, but it may
still exist. ' : . '

Two approaches have been used to assess the relation-
ship between the bacterial quality of bathing water
and the incidenece of illnesses in swimmers, as compared
with non-swimmers. One approach, deseribed by Streeter
(141), is based on the incidence of typhoid and paraty-
phoid in a region, the morbidity-mortality ratio, the rela-
tionship between these diseases and other enteric infee-
tions, the ratio of coliforms to pathogens, the frequency
of swimming, the assumption that 10 ml of water will be
swallowed by each bather each day, and the probability
that this ingestion will eause illuess. Streeter caleulated -

_that the chanee of contracting typhoid fever from swim-

ming daily for a 90-day season in the Ohio River (if it
contained 1000 coliform bacteria per 100 ml) would be
1 to 950. Furthermore, the chances of contracting diar-
rhea-enteritis would be about 1 in 50. Streeter concluded
that in this area, bathing in this water would involve no
great hazard for the individual bather, although a stand-
ard of 1000 coliforms per 100 ml is admittedly a compro-
mise between that which would be desirable and that
which is practicable.

The second approach involves an epidemiological and
statistical study of populations that have been bathing
or swimming in contaminated waters in contrast with
those who have not been in sueh waters. or have been
exposed only to water of excellent bacterial guality.
1f Streeter’s assumptions are correct, then a statistical
study of the population along the Ohio River should re-
veal a higher incidenee of enterie infection among those
who swam in polluted water than among other popula-
tions. A study of this type was made for the US. Public
Health Service by Stevenson and his associates (532,
1655, 1656). They undertook a series of field studies of
selected population groups swimming in waters of dif-
ferent bacterial guality, to determine the relationship
between incidence of illness among swimmers and the
coliform depsity of the water. Table 5-11 summarizes
some of the basie data eollected (1655). '

The results indicated that illness oceurred more fre-
quently among swimmers than non-swimmers. This ob-
servation is not surprising in view of the fact that water
is an abnormal habitat for man, regardless of its quality.
The results also showed that when total illnesses among
gwimmers and non-swimmers were compared, there ap-
peared to be mo significant correlation between ilness
incidence and guality of the water in the areas studied.
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TABIE 5-1%

SUMMARY OF DATA FROM STUDIES OF BATHING WATER QUALITY
(After Stevenson) (1655)

Coliform Condentrotion

No. of Illnesses per 1000

MPN per 100 m? Person-Days
Beackh Mediar Mintmun Mazimum  Among Bwimmers Among Non-Swimmers

Leake Michigan, at. Chicago, I 91 91 3,500 71 3.5
Lake Michigan, at Chicago, 1T 180 23 24,000 83 5.6
Ohio River, Kentucky__ . 2700 230 160,000 88 74
Pool, Kentucky <3 : — — 13.8 ——
Tidal Water, New Rochelle, NY. _______._______ 610 : <30 460,000 53 33

253 < 30 460,000 6.2 33

It might also be of interest to note that among swim-
Iners, eye, ear, nose, and throat ailinents represented
more than half of all the illnesses recorded, gastroin-
testinal disturbances about 20 percent, and skin irrita-
tions the remainder. Eye, ear, nose, and throat ailments
represented an even higher percentage, 68 percent, of
poolswimmer illnesses.

Stevenson actually found a specifie correlation between
illness incidence and the quality of water in two in-
stances. In the first case, rates were measured for several
days following 3-day periods of high and low baeterial
concentrations at one beach on Lake Michigan. It was
observed that illness frequency was significantly higher
among swimmers when the water had an average coli-

form density of 2300 per 100 ml than when the average

density was 43 per 100 ml. In the second instance, swim-
ming in the Ohio River when the ‘‘median coliform
density’” was 2700 per 100 ml appeared to have eaused
a significant increase in gastrointestinal illness, although
the total number of such ilinesses was very small (1657).
Stevenson points out that these two cases do not con.
stitute eonclusive evidence of correlation between illness
and bathing-water quality, because the numbers of indi-
viduals and days involved were so few.

A subsequent study was conducted by USPHS person-
nel on Long Island Sound to determine the relationship
between illness and bodily exposure to contaminated salt
water (2149). This investigation gave no evidence that
variation in water quality of the sort emcountered is
capable of producing marked differences in the amount
of illness experienced by swimmers. The data from this
study were of sufficient internal consisteney to indicate

that significant effects would have shown up had they -

existed. Similar results from Poland were reported by
Bnezowska (2464).

In 1939 and again in 1955, the Joint Committee on
Bathing Places of the Conference of State Sanitary En-
gineers and the Engineering and Sanitation Seetion of the
American Public Health Association surveyed the state
health departments to determine the incidence of disease
atiributable to swimming pools and bathing piaces. In
1939, there were several vague reports of sleeping siek-
ness, sinusitis, intestinal upsets, eye inflammation, swim-
. mer’s itch, and impetigo believed to be associated with
water contacts. In New Jersey, four cases of typhoid
fever in 1923 and two cases in 1934 were believed to be
due to bathing in grossly polluted streams. In Indiana,
144 cases of dysentery were believed to have heen caused
by bathing in water polluted by septic tank effluents. In

1955, the information submitted from 45 states and one
territory revealed that there had been no authenticated
cases of illness attributable to swimming pools and bath-
ing|places. ““All in all, the 1939 and 1955 reports reveal
surprisingly little reliable data to indict bathing places
in the spread of disease. Whether or not intensive epi-
demiological investigations might produce additional in-
ation is 2 question” (2465).

ctually, an intensive epidemiologieal investigation
was| conducted by Moore, and his Committee on Bathing
Beach Contamination, in England and Wales (2466,
2467, 2468, 2469, 2470, 2471). Extensive bactericlogical
and| epidemiological studies were made over a period of
five [years in relation to more than 40 popular bathing
beaghes, the waters of the great majority of which were
subjeet to eontamination with sewage. The median pre-
sumptive coliform counts varied from 40 to 25,000 per
nd as many as 40 percent of the samples contained
over 10,000 coliforms per 100 m). Tn addition to coliform
bacteria, determinations were made for members of the
salmonella group, of which 83 different species were
isolated.

The general conclusions of the committee were that
bathing in sewage-polluted sea water carries only a
negligible risk to health and where the risk is present it
is probably associated with chance contact with intaet
aggregates of infected fecal material. In the entire study
there were four cases of paratyphoid fever that conld
possibly have been attributed to bathing in infected sea
water. In each case, however, the bathing area was
grossly contaminated with visible fecal material. The
comipittee indicated that unless the water is so fonled as
to render the bathing beach esthetieally revolting, it
seem that public-health requirements are reason-
ably well met by the present British policy of improving
grossly insanitary beaches and preventing as far as
possible the pollution of the waters with urdisintegrated
fecal matier.

In jcontrast with the thorough epidemiclogical work of
Brown and his committee, the literature contains several
reporfts of enterie disease reputedly caused by bathing in
polluted waters (2472, 2473, 2474, 2475). None of these
reporgs, however, are supported by reputable epidemio-

. logical evidence. Indeed, Brown himself gives a thorough

review (2467) of all historical information relating ill-
ness to bathing.

As |a result of studies such as those deseribed in this
sectiop on the rationale of bathing-water standards, it
has been recommended that some of the striet bacterial
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:equifements for such waters might be relaxed (1522,
1655, 1658, 1659, 1660).

OTHER INFECTIONS FROM BATHING WATERS

There have been several reports of skin eruptions, res-
piratory infections, and outbreaks of other non-enteric
diseases traced to water contacts. No attempt is made to
eover all of these illnesses in detail, but mention of a
few cases should suffice to indicate that these bazards
exist. For more detail, see Chapter VIL

Abrasions of the skin that oceur while swimming may
become infected and produce granulomatous lesions. In
Colorado at a warm mineral pool, 262 cases were found
to be due to the tuberculosis-type organism Mycobacte-
rium balnei (2476, 2477, 2478). Barlier in Sweden,
about 80 cases of a similar lesion were traced to swim-
ming pools (2479, 2480). Greenberg and Kupka (2481,
2482) have reviewed the literature relative to transmis-
sion of mycobacteria, lupus-like organisms, and other
tubercular bacteria through swimming pools and con-
taminated waste water.

Schistosome dermatitis, or ‘‘swimmer’s itch,’’ has
affected bathers in rivers, ponds, and lakes that sapport
snails. The eausative agents are the cereariae, the free-
swimming larval stage of eertain parasitic worms of the
family Schistosomatidea. The snails serve as an infer-
mediate host. While not related to man-made pollution,
cercarial dermatitis is definitely attributable to bathing
in -water of less-than-desirable quality (2465, 2483,
2484).

Outbreaks of leptospirosis have oceurred in the United
Qtates and most other parts of the world as a result of
swimming in ponds, slow-moving streams, and even
swimming pools contaminated by domestic or wild ani-
mals. This disease, like schistosome dermatitis, is due io
natural sourees of eontamination and not to man ’s activi-
ties (2485, 2486, 2487, 2488, 2489, 2490, 2491},

Cases of primary tubercnlosis in_children have been
atiriboted to immersion and near drowning in sewage-
contaminated water (2492, 2493). A Russian source
claims that tularemia may be caused by bathing in, as
well as drinking, infected water (2494). Some aquatie
plants, such as smartweed ( Polygonum hydropiperoides)
and a marine alga (Lyngbya majuscula), have been re-

orted as causative agents of dermatitis on bathers

(2287, 2495).

Althongh the viruses of poliomyelitis have been iso-
lated frequently from sewage and contaminated water,
there is mo evidenee that this disease has ever been
transmitted through bathing waters (2465, 2468, 2470,
2496, 2497, 2498). Kelly and Sanderson (2499) isolated
ECHO-type enteroviruses from unchlorinated wading
pools in Albany, N. Y., but failed to detect viral dgents
in c¢hlorinated swimming pools.

BOATING AND ESTHETIC ENJOYMENT

Tt is diffieult to draw a sharp line dividing waters that
are used for boating and esthetic enjoyment from those
that are used for swimming, bathing, and water-contact
gports, and from those that are used for fishing and
wildlife. These three beneficial uses are normally com-
patible and frequently concurrent. In general, however,

the water-quality eriteria for boating and esthetic en-
joyment are not as rigid or restrictive as those for actual
water contact by humans, fish, or wild animals. Of the
three conditions listed for swimming, for example, only

_ the first applies to boating and esthetic enjoyment..

Conditions of water quality that affect boating and

 esthetic enjoyment are visible floating, suspended, or

settled solids arising from the disposal of sewage or
garbage; sludge banks; slime infestation; heavy growtihs
of attached plants or animals; blooms or high concen-
trations of planlkton ; discoloration or excessive turbidity
from sewage, industrial wastes, or even natural sources;
the evolution of dissolved gases, especially hydrogen
sulfide; visible oil or grease, including emulsions ; exces-
sive acidity or alkalinity that leads to corrosion or de-
lignification of boats and docks; surfactants that foam
when the water is agitated or aerated; and exeessive
water temperatures that eause high rates of evaporation
and cloudiness over the water.

Biological growths that are often attributable to eer-
tain industrial wastes sometimes produce infestations of
slimes (2500, 2501, 2502) which interfere with boating
and esthetie enjoyment. Sphaerotilis natans is especially
troublesome in streams below industries that discharge
wastes with a high carbon-nitrogen ratio (see Chap-
ter VII). _

Excessive inorganic nutrients (nitrates, phosphates,
carbonates, silicates) hasten the eutrophication of lakes
and also fertilize flowing streams with the resultant pro-
duetion of heavy plankton blooms (2012, 2166, 2262,
2288, 2503). In addition, attached water plants such as
water hyacinth, watermilfoil, and water chestnut may
clog water channels and interfere with various recrea-
tional uses of water (589, 858, 889, 891, 893, 2495, 2503,
2505). Amphipods and polychaetes, some of which utilize
the organic detritus from sewage and industrial wastes,
foul harbor structures and form thick masses on bottoms
of ships (2506). For further details about corollary bio-
logieal pollutants, see Chapter VIL :

Several state and interstate agencies have promulgated
bacterial standards for recreational waters that are not
used for swimming and bathing. Such standards are sim-
ilar to those for water contaet except that they permit
monthly average MPN values as high as 5000 coliforms
per 100 ml during the reereation al season. There does not
appear to be any epidemiological evidence to support
these standards. Apparently they have been adopted
arbitrarilty on the basis of eommon ‘decency and eco-
nomic attainment.

Surfactants are esthetically objectionable when they
contribute to foam. Water containing alkyl benzene sul-
fonates (ABS) in exeess of 1.0 mg/l is tikely to foam
when it passes over dams or riffles in a stream; indeed,
the threshold for foaming in tap water may be as low
as 0.5 me/1 (2063). For further detail, see Chapter X.
Hexadeeanol, on the other hand, apparently ecauses no
interference with the normal reereational uses of lakes
to which it has been applied for suppression of evapora-
tiom.

Boats themselves may be a souree of esthetic degrada-
tion of recreational waters. Weekend surveys of a small
hoat harbor at Baton’s Neck near New York, free from
any sources of pollution other than from boats, diselosed
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significant coliform concentrations in the water; but the
most disturbing fact was the repeated observance of
refuse, fecal matter, and toilet paper of boat origin
(2507).

Considerable attention has been devoted in the past
decade to the recreational use of domestic water supply
reservoirs (2508, 2509, 2510, 2511, 2512). The American
Water Works Association has issued a statement of
policy (2513) that the recreational use of “‘equalizing
and ‘‘terminal’’ reservoirs, and the adjacent marginal
lands, is inimieal to the basie function of furnishing a
safe and potable water supply and should be prohibited.
Limited reecrcational use of “‘upstream’’ reservoirg is
considered permissible under appropriate sanitary regu-
lations except for those upstream reservoirs from which
the water is delivered directly to the eonsumers with
disinfection only. The California State Department of
Public Health has published a comprehensive survey of
the hazards associated with the recreational use of
domestic water supply reservoirs (2514).

WATER POWER AND NAVIGATION

The. pollutants in water that interfere with its bene-
ficial use for water power and navigation are: (a) sub-
stances such as acid, alkali, and excessive salinity that
accelerate corrosion, eavitation, or delignification, (b)
~debris, silt, and other suspended solids that blook chan-
nels and intake devices or settle in reservoirs to reduce
their useful storage, (c) organic matter that generafes
putrescible odors and corrosive hydrogen sulfide gas in
deep reservoirs, (d) algae, fungi, worms, barnacles, and
other corollary pollutants that clog passageways, cling
to vessels, or accelerate corrosion, (e) marine borers that
destroy wharves and docks, and (f) floating oil that
poses a potential fire hazard. '

Limiting and/or threshold concentrations for each of
these categories of pollutants are seldom, if ever, found
in the literature. Substances that aceelerate corrosion
inelude dissolved oxygen, hydrogen ions, sulfides, chlor-
ides, free carbon dioxide, high temperatures, and certain
types of bacteria and algae. To minimize corrosion by
natural waters it is desirable to keep the concentration
of each of these factors as low as possible, but no defini-
tive limits can be set. As for silt, debris, and other sus-
pended solids, it is desirable to keep all such material
out of natural surface waters, but such a goal is impossi-
ble of attainment when natural sources contribute the
bulk of suck pollution. The formation of putreseible
odors and hydrogen sulfide ean be minimized by the
maintenance of aerobic conditions (346, 1756} (see
BOD, Dissolved Oxygen, Hydrogen Sulfide, and Oil in
Chapter VI; and also Impoundments and Low-Flow
Augmentation in Chapter II).

Much of the control over navigable waters in the
U.B.A. resides with the Secretary of the Army, acting
through the Corps of Engineers, in the enforcement of
the River and Harbor Aect of 1899, Section 13 of that
Act specifies that: ““It shall not be lawful to throw,
discharge, or deposit, or cause, suffer, or procure 1o be
~ thrown, discharged or deposited, either from or out of
-any ship, barge, or other floating crafi of any kind, or
from the shore, wharf, manufacturing establishment, or
mill of any kind, any refuse matter of any kind or de-

seription whatsoever other than thot flowing from streets
and sewers and passing therefrom in o liquid state, into
any navigable water of the United States, or into any
tary of any navigable water from which the same
shall float or be washed into such navigable water; and
it shall not be lawful to deposit, or cause, suffer, or
procure to be deposited material of any kind in any
plage on the bank of any navigable water, or on the bank
of any tributary of any navigable water, where the same
shall be liable to be washed into such navigable water,
either by ordinary or high tides, or by storms or floods,
or otherwise, where navigation shall or may be impeded
or opstructed: Provided, . . . that the Secretary of War,
whenever in the judgment of the Chief of Engineers
anchorage and navigation will not be injured thereby,
may |permit the deposit of any material above mentioned
in navigable waters, within the limits to be defined and
und%r conditions to be prescribed by him, provided ap-

pliegition is made. to him prior to depositing such ma-
terial . . .7’ (emphasis added).

The original purpose of this act was to prevent shoal-
ing and other interference to navigation caused by solids.
In 1936, however, the Appellate Court sustained a deci-
sion that oil interfered with navigation by causing a
hazand. As a consequence, this law can be used to prevent
the djseharge of oily substances from vessels in navigable
waters or their tributaries and to compel treatment of
wastes from refineries and other establishments.

The Secretary of the Army is charged also with the
enforcement of Section 3 of the Oil Pollution Act of 7
June 1924 which reads in part, that: “Kxcept in cases
of emgrgency imperiling life or property, or unavoidable
aceident, collision, or stranding . . . it shall be unlawful
for any person to discharge, or suffer, or pemmit the
dischgrge of oil by any method, means, or manner into
or upoen the coastal navigable waters of the United
States from any vessel using oil as fuel for the genera-
tion 9f propulsion power, or any vessel carrying or
having oil thereon in excess of that necessary for its
libricating requirements and such as may be required
under|the laws of the United States and the rules and
regulations preseribed thereunder. The Secretary is an-
thorized and empowered to prescribe regulations per-
mitting the discharge of oil from vessels in such guan-
tities, |under such eonditions, and at such times and
places|as in his opinion will not be deleterious to health
or sea|food, or a menace to navigation or dangerous to
persons or property engaged in commerce on such
waters, and for the loading, handling, and unloading of
oil,”’ '

This| act is explicit ir its application to vessels which
may discharge oil to the coastal navigable waters and all
inland | waters navigable in faet in which the tide ebbs
and figws. The 1899 Act is much broader in its scope,
for it imeludes ‘‘any tributary of any navigable water,”’
a phrase that embraces almost every stream in the
United|States. .

The |eontrol over wastes ‘‘fowing from streets and
sewersSEnd passing therefrom in a liquid state’” is ex-

cluded from Section 18 of the River and Harbor Act of
1899. Such control is exercised by the several states and
by the UU.8. Public Health Serviee, as described in Chap-
ter 111.




CHAPTER VI
POTENTIAL POLLUTANTS

Any substance that may enter or be contalned In
ground or surface waters is deemed for the purposes of
this report to be a ‘‘potential”’ pollutant—potential in
the sense that, if concenirated sufficiently, it can ad-
versely and unreasonably affect such waters for one or
more beneficial uses; and yet, if diluted adequately, it
will be harmless to all beneficial nses. In view of this
definition, every known substance is a potential pollutant
and should be included in this investigation of water-
quality criteria. Such was the intent of the first two
editions of this compendium and sach should be the ul-
timate goal of future revisions thereof.

In the three literature surveys that led to this edition,
however, there were practical limits to the extent and
seope of the work. The tremendous number of readily
available references and the time required to abstract,
catalogue, and. evaluate them resulted in the faet that
only the more-common and most-publicized pollutants
are included. For the less-common minerals and com-
pounds, few or no references were uncovered, atthough
1t is possible that significant literature exists and could
be revealed in a specialized search. Indeed, this second
edition jncludes hundreds of potential pollutants that
were not mentioned in the first edition. Where no data
were found, the substance has been omitted from this
chapter. Later revisions of the report, however, may
show the substance in guestion to be of significance to
water-pollution-control agencies. It is hoped that the
data contained herein will be of considerable value to the
WPQC boards in their case-by-case studies and that the
framework here established can be used for subsequent
revisions and expansions of this report.

The potential pollutants in this chapter are listed al-
phabetically by their correct or most-common names,
with physical, inorganie, organie, and biological sub-
stances blended into the alphabetical listing. For chem-
ical substances, the correct name was taken from the
latest Merck Index (364) or the 43rd Edition of the
Handbook of Chemistry and Physics (911), but where
other names are in common use an attempt bas been
made to cross-reference. For example, CHySH is listed
as Methanethiol but cross-referenced as Methyl Mer-
captan. :

This second edition differs from the first and the Ad-
dendum in that biological pollutants, radioactive sub-
stances, pesticides, and surface-aetive agents are covered
in separate chapters (VII to X inelusive). Nevertheless,
this chapter remains the key one for the compendium be-
canse every potential pollutant listed in the following
chapters is cross-indexed herein. When in doubt as to
where to find an exotic compound that may be a pesti-
cide and also a surface-active agent, for example, the
reader is advised to cheek first the alphabetical listing
- in Chapter VI. . .

‘Where literature relating to a potential pollutant is
extensive and where more than one beneficial use is -

volved, a standard outline has been followed. This out-
line gives a general statement deseribing principal
characteristics, common uses, and likely sources of the
pollutant; followed by cross-references to related sub-
stances, bibliographical reference numbers; and finally
a description of the effects upon certain beneficial uses.
Where the literature is sparse or where it refers almost
exclusively to one beneficial use, the outline has been
discarded in favor of conventional paragraphs.

Many of the abstracted references deal with the effects
upon benefieial uses of mized wastes, involving many
substanees of unknown concentration, e.g., sulfite waste
liquors, for which the overall strength is expressed as
mg/1 of total selids or BOD, or possibly in terms of the
specific gravity or Baumé scale. Such wastes are treated
as collective terms and listed directly as pollutants;
hence the report contains such terms as “‘ dairy wastes,”’
“gas.plant wastes,”’ and ‘“metal-plating wastes.”’ This
listing of certain collective terms to the exelusion of
others should mot be construed as an attempt to single
out a few indnstrial wastes for special mention ; rather,
it is a natural outgrowth of the cataloguing of wastes in
terms of their constituent pollutants. Any industrial
waste that is not listed, per se, was omitted because the
polluting substances eould be isolated and listed sep-
arately.

Cross referencing has been applied in many instances
throughout this chapter, but as such it is far from being
complete. The reader is assumed to understand the sub-
ject sufiiciently well to use his own ideas of cross-ref-
erencing. When investigating the subject of ‘‘acetates,”’
for example, the reader should check also on lead acetate,
sodium acetate, zine acetate, and similar listings.

Tn the Hterature used for this survey, the concentra-
tions of substances are expressed in many ways, e.g., a8
parts per million, milligrams per liter, milliequivalents
per liter, molar solutions or decimals thereof, normal
solutions, or as volume dilutions of liguids and gases.
Such variety in expressing conecentrations is confusing
1o the reader and for that reason an attempt has been
made in this report to convert all results to milligrams
per liter. Some of these eonversions are only approxi-
mate, for the original data may have been incomplete,
e.g., in converting dilutions by volume the temperatures
must be known in order to evaluate specifie gravity pre-
cisely. In other instances, especially for mixed wastes of
unknown constituents, eonversion has been irpossible
and the original data have been presented without
change. In a similar way, an attempt has been made to
express all temperatures in degrees centigrade.

Just as a dictionary or an encyclopedia mmust abbre-
viate many facts and omit others, so has this chapter of
the report been condensed to give only the most salient
information relating to each potential pollutant. In a
thorough ease-by-case study, & water-pollution-control
engincer will ind the material as abstracted herein to be

(123 )
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inadequate and he may wish to investigate the extensive
bibliography. To supplement this report, the WP(C
boards should have in their Iibraries a standard chemi.-
cal handbook such as the latest edition of ‘“The Hand-
book of Chemistry and Physies’ (911) or ““The Merck
Index’’ (364), ““Standard Methods For the Examina-
tion of Water and Wastewater”’ (469), the AW.W.A.%
“Water Quality and Treatment’’ {152), a texthook of
the chemical process industries such as that by Shreve
(189), a book on water biclogy such as ““The Mieroseopy
of Drinking Water?’ (16), references dealing with in-
secticides such as those by Frear (2997) and by Rudd
and Genelly (3005), and complete files of A.C.S,
AWWA. and WP.C.F. Jjeurnals, to mention only a
few. It is recommended furthermore, that each board
subseribe to ““Water Pollution Abstracts,”’ published
monthly by the Water Pollution Research Board of
Great Britain, which containsg the finest and most com-
plete abstracts of water-pollution literature on a world-
wide basis,

The remainder of this chapter eontains the alphabeti-
cal listing of potential pollutants.

ABIETIC ACID C1sHasCOOH

A widely available organic acid, prepared by the
isomerization of resinous substances, this yellow amor-
phous powder is employed in the manufacture of esters
for use in lacquers and varnishes, and in the produetion
of metal resinates, soaps, plastics, and paper sizes. So-
dium abietate from Kraft mill wastes is reported by Van
Horn et al. (190, 844) to have a minimum Iethal con-
eentration of 3.0 mg/! for shiners in 120 hours at 18°C.
Kawabe and Tomiyama (3240) found that piteh abietie
acid was the most toxic of the ether-soluble components
of the caustic soda digestion liquor at a2 pulp mill when
tested against Scenedesmus obliguus and Cerassius
auratus.

ABS
(see Chapter X)

ACETALDEHYDE CH:;CHO

This flammable liquid with a pungent odor is miseible
with water. It is used extensively in the manufacture of
plasties, dyes, synthetie rubber, and other chemical prod-
ucts. The oral 1Dz for rats has been reported as 1.93
grams/kg of body weight.

Aceording to Garrett and Daugherty (1441, 2959,
2960) the 24-hour TL, for the marine pin perch
(Lagodon rhomeboides) was 70 mg/1 and the maximum
concentration at which no deaths oceurred was 60 mg/1,
Toward the bluegill sunfish ( Lepomis machrochirus) in
soft water at 18-20°C, the 96-hour TLy was 53 mg/?
(2936). In similar water, a 50 percent reduetion in
growth of the diatom, Naewvicula seminulum, occurred
when the concentration of acetaldehyde reached 249
mg/1 (2936). To suppress oxygen utilization by synthetie
sewage, a concentration of 230 mg/1 was required { 2923).

ACETAMIDE CH;CONH,

Highly soluble in water, this erystalline compound is
used in the plasties industry and in chemical manufae-

ing. The oral LDy, for rats is reported as 30 grams/kg
dy weight (364). Wallen et al. (2940) ‘tested its
toxi¢ity toward the mosquito-fish (Gambusia affinis) in
highly turbid water at 21-24°C. They found the 24-and
48-hour TLy, coneentrations to be 26,300 mg,/1 while the
96-hour was 13,300 mg/l. Turhidity was not significantly
clarified by this compound.

ACETATES

also Acetic Aecid, Amyl Acetate, Butyl Acetate,
Mercpro-Organic Compounds, Lead, Sodium, Zine, and
the other cations that form acetates)

Acptates are the salts or esters of acetie acid. They
oeeur| in numerous chemical industries and in the manu-
facture of synthetic textiles, Acetates appear to be much
less toxie than undissociated acetie acid. Lockhart (3241)
reports the taste threshold of the acetate ton to be 360
mg/l when sodium acetate is used and 1020 mg/l when
Ppotassinm aeetate is used. ‘ .

In Lake Erie water after 48 hours exposure at 25°C,
the threshold econcentration of sodium acetate for
Daphnia magna appears t¢ be about 5,200 mg/1 (852).
Another value as high as 5,800 mg/I has been reported
(853)] This salt is probably toxic only when in eoncen-
tration sufficient t0 exert an unfavorable osmotie press-
ure (352). The threshold of toxicity of sodium acetate
at 15-18°C for Polycelis nigra (a flatworm) oceurs at
8,850 me/1 (354). Phenyl mercury acetate and pyridyl
mercurie acetate, however, appear to be muech more toxie
to aquatic organisms (gee Mereuro-Organie Compounds),

Von|Oettinger (3242) has compiled the following toxi-
cological data for several acetates when the compounds
were fed orally to animals: ‘

Compound Animal LDw in grams/kg of body weight
Ethyl adetate rats 5.62
Isopropyl acetate rats 6.75
Allyl aeetate rats 0.13
Butyl adetate rats 4,18
Butyl adetate mwice 7.06
Octyl acptate . rats 3.00
Benzyl jeetate rats 3.69
Benzyl apetate rabbits 264
Heptyl acetate rats 8.35

ACETIC ACID CH,CO0H

(see glso Acetates, Acidity, Aeids-Organie)

In the pure state, acetic acid is a colorless, pungent,
biting Iiquid, highly miscible with water. It oceurs in
beet-sugar, winery, vinegar, soured-fruit, wood-distilla-
tion, textile, or chemical wastes,

The o¢ral LDs, for rats has been reported as 3.31
grams/Re of body weight and for mice 4.96 grams/kg
(3242, 3243). Rats fed 100 to 5000 mg/1 of acetic aecid
mn their|drinking water for 9 weeks showed a decrease
in appetite and growth (2980). _

Fish ¢an stand 5000 mg/1 of acetie acid for a short
exposurg; indeed this compound is sometimes used in
the treatment of diseased fish (359). For longer' expo-

. sures, however, much lower coneentrations are lethal

Acetic a¢id can be toxic to fish without lowering the pH
value to |5.0, for toxicity appears to be attributable pri-
marily tp the undissociated geid in solution; hence pH
is not a|reliable index of acetie-geid poilution (361).
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Hardness appears to be antagonistic to the toxicity of
acetic acid.

. Lethal concentrations have been reported as 50 mg/1
in 24 hours for brook trout and 114 mg/1 in 24 hours
for minnows (359). For creek chub at 15-21°C in well-
aerated water, the lethal coneentration ranged from 100
to 200 meg/1 (1442). Some goldfish have been killed at
concentrations as low as 100 mg/1 during prolonged ex-
posure (313), but the 24-hour MLD has been given as
986 mg/1 (359) and as 423 mg/1 (2920). For the blue-
gill sunfish, the 96-hour TL, in soft water at 18-20°C
was reported to be 75 mg/l (2936). Toward fingerling
channel catfish at 25°C the 72-hour TL, was approxi-
mately 270 mg/1, all fish were killed at 629 mg/l, and
none at 15.8 mg/1 (2979, 2081). In turbid water, Wallen
et al. (2940) found the 24, 48-, and 96-bour TLy, coneen-
irations toward the.mosguito-fish { Gambusio affinis) all
to be 251 mg/l.

For lower organisms, Palmer and Maloney (2041} re-
ported that 2.0 mg/1 of acetic acid had no effect on six
species of algae (two blue-green, two green, and two
diatoms}. In a 5-day exposure in soft water at 20°C,
74 mg/} of acetic acid caused a 50-percent reduction in
the growth of Navicule seminulum, 2 djatom (2936).
The threshold concentration for jmmobilization of
Daphnia magna in Lake Erie water after prolonged ex-
posure at 25°C was 150 mg/1 (358), but a threshold
valae as low as 80 mg/l has been reported (353). Ellis
(313) indicates that the lethal concentration of acetie
acid in hard water was 125 mg/l, with killing times of
24 to 72 hours.

ACETONE CH;COCH;,

A volatile, inflammable, fragrant, colorless Hquid that
is miscible with water, acetone is used as a solvent for
many organiec compounds and in the manufacture of
numerous substances. It may occur in wastes from many
chemical industries, gas plants, coal-tar processes, paint
manufacturing, or from the fermentation process by
which it is produced. The oral I.D;, for rats has been
reported as 9.75 grams/kg of body weight (3244).

Tn stabilized tap water with adeqnate oxygen satura-
tion, an acefone concentration of 792 mg/1 had no effect
on minnows after 24 hours (362), but in tap water sun-
fish were killed by concentrations of 14,250 mg/l (313,
363). Wallen et al. (2940) exposed mosquito-fish (Gam-
busia afinis) to acetone in highly turbid water at 23-
97°(0, for which the 48-and 96-hour TL, values were
both 13,000 mg/1. . -

The threshold concentration for immobilization of
Dephnig magna in Lake Erie water with prolonged ex-
posure at 25°C was 9,280 mg/l according to Anderson
(358). The threshold concentrations for immobilization
of several aquatic invertebrates in Lake Erie water at
90-25°C were reported (2955) as follows:

Organism Threshold Conceniration

in mg/l
Daphnia magna, young 8,300
Dephnia magna, adult 12,900
Leptodore kindtit 5,300
Cyclops vernalis 13,600
Diaptomus oregonénsis 6,500
Misecellaneous fish 14,250

ACETONITRILE CH.CN

(see also Cyanides, Hydrogen Cyanide)

Sometimes known as methyl cyanide, acetonitrile is a
colorless liguid used as a solvent for many organic com-
pounds. It is miscible with water, but it does not appear
to disoeciate appreciably into methyl and cyanide ions.
Consequently, it does 1ot lead to the appreciable forma-
tion of HCN in water. For this reason, it is not expected
that acetonitrile will bé highly tozie.

In stabilized tap water kept gaturated with oxygen,
17.1 meg/1 of acetonitrile had no affect on minnows dur-
ing a 24-hour exposure (362). Henderson et al. (2958)
conducted bioassays using fathead minnows, bluegills,
and guppies in hard and soft water saturated with
oxygen at 25°C. The median toxie limits for commereial
acetonitrile are shown below:

Kind of Type of PLm in mg/l
Fish Water 25-hour §8-hour 96-hour
Fathead minnow hard 1150 10584 1060
Fathead minnow soft 1050 1000 1000
Bluegill sunfish soft - 1850 1850 1850
Guppy soft 1650 1650 1650

Adult bluegills exposed up to four weeks in watier con-
taining 100 mg/l of acetonitrile did not pick up any
organoleptic properties that were apparent to a taste
panel (2958).

ACETYLENE HC=CH

This colorless flammable gas. is used for welding and
as a raw material for a great variety of organic syn-
theses. It is soluble in water at 18°C to the extent of
1,000 ce . per liter (approximately 1,000 me/1) and In
such a saturated solution, sunfish were not killed by ex-
posure for one hour (363). In stabilized tap water satu-

© rated with oxygen, Schaut (362) found that 17.1 mg/fl

of acetylene had mo effect *'on minnows after one-hour
exposure. Thus, minnows and sunfish appear to be able
to withstand short-time exposures to this gas.

For longer exposures, however, it was fouad that
brook trout fingerlings died in 33 hours or less in well-
oxygenated water at 10° to 14°C eontaining 200 mg/1 of
acetylene, and goldfish died in 24 to 48 hours in water
containing 400 mg/1 (247). The State of Washington
Department of Fisheries (2091} found that the eritical
level for fingerling chinook salmon in brackish water
during a 3-day exposure was less than 3500 ce of acety-
lene per liter and for young rainbow trout in fresh water
between 3000 acd 5000 ee per liter. :

ACIDITY

1. Qeneral. Strictly speaking, acidity cannot be a
direct or speeific pollutant, for it is merely a measure of
the effects of a combination of substances and conditions
in water. It may be defined as the power of a water to
neutralize hydroxyl jons and it is expressed in terms
of the calcium carbonate equivalent of the hydroxyl ions
nentralized. Acidity is umsually eansed by the presenee
of free carbon dioxide, mineral acids such as sulfurie,
weakly dissociated acids such as phosphorie that affect

" the buffering action, and salts of strong acids and weak

bases. It is determined by titrating with 0.02N sodium
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hydroxzide to the methyl-orange end-point. If the initial
pH value of a sample of water is less than about 4.1 or
4.2, the amount of 0.02N sodinm hydrozide required to
reach the methyl-orange end-point (at about pH 4.3) i
a measure of the ‘““mineral-acid acidity’’ and the amount
required to reach the phenolphthalein end-point is a
measure of the ‘‘total acidity’ (469). Acidity should
not be confused with pH value, for one water with a
PH of 6.0 may have a low total acidity whereas another
highly buffered water with a pH of 7.0 may have a high
total acidity.

Acidity in surface or ground waters may be attributa-
ble to natural causes, such as humie acids extracted from
swamps or peat beds, or to industrial wastes such as
pickling liquors, efffuent from the manufacture of explo-
sives, acid-mine drainage, or sulfite waste ligquors.

2. Cross References. Alkalinity, pH, and speeific min-
eral and organic aecids.

3. Effects Upon Beneficial Uses.

a. Domestic Water Supplies. The U.S. Public Health
Service Drinking Water Standards of 1962 (2636) do
not speeify limiting values for acidity. To the practieal
waterworks engineer, however, excessive acidity is fre-
quently detrimental in that it must be neutralized to
mitigate corrosion.

There has been a tendency to regard acid-mine sireams

as baeteriologically safe because of their extreme aeidity.
Joseph and Shay (1443), however, found E. coli in all of
the acid-mine stream samples that they tested, and re-

ported that althongh E. coli counts are rapidly reduced

when polluted water is discharged into acid streams, a
small number of viable bacteria persists ever at a pH
as low as 2.0.

Excessive acidity of the water promotes the solution
of zine from gaivanized pipes and other equipment, pos-
sibly to a degree harmfnl to the subsequent uses of the
water (1444). _ ’

b. Industrial Water Supplies. Limits for acidity in
- industrial waters are seldom encountered inasmueh as
such restrictions are generally expressed in terms of pH
‘values (see pH and Chapter V).

c¢. Irrigation Water, Excessive acidification of soils

containing nickel may render the nickel soluble, causing
severe injury or death of plants (1445). In acid nutrient
solutions, beryllinm is highly ioxie to plants (1446).
Ligon and Pierre (1447) found that inereasing the
acidity of culture solutions from a PH of 6 to a pH of
4.5 resulted in a drop in yield of corn of about 50 per-
cent. In general, however, moderate acidity in irrigation
water is beneficial to alkali soils, for it helps to neutralize
carbonates and prevent the precipitation of caleium (see
Chapter V-Irrigation).

d. Fish and Other Aquatie Life. The pH values of
ocean waters generally lie between 8.1 and 8.3; conse-
quently acidity is not a faetor to be considered in ma-
rine waters (346). In fresh waters, on the other hand,
the pH values and acidities of natural streams vary
widely, depending upon the soil and vegetation of the
watershed. Brook trout were found to live comfortably in
“different streams with pH values ranging from 4.1 to
9.5, but in all cases the streams were substantially un-
polluted and acidity, if any, was due to organic acids
of natural origin (346).

Mineral-acid pollution, however, can be.quite detri-

~mental to fish at pH values considerably higher than

those which fish can tolerate in unpolluted waters eon-
taining only acids of natural origin. Ellis (313) has in-
vestigated the toxieity of certain mineral and organie
aeids| toward goldfish, and a summary of his results is
shown in Table 6-1.

TABEE 6-1

TOXICITY OF ACIDS TO GOLDFISH
{After Eliis) (313)

Amount qdded Resulting
Avid in mg/l PH value - Period of survival
Sulfuric . 134% 4.3* 8.2 to 96 hours
Sulfurfe 134 45 Over 4 days
Hydropehlorie 166 40 4.5 to 6.5 hours
Hydrochleric 159 4.5 Over 4 days
Nitrie 750 3.4 0.5 to 0.8 hours
Nitrie 200 4.9 Over 4 days
Acetic 100 6.8 48 hours to over 4 days
Acetic 10 7.3 Over 4 days
Laectie 654 4.0 6 to 43 hours
Lactie 430 4.6 Over 4 days
Oxalie 1,600 2.6 0.4 to 0.5 hours
Oxalic 200 5.3 Over 4 days
Citrie 894 : 40 4 to 48 hours
Citrie 625 45 Over 4 days

*In soft water. ANl other results were obtained in hard water.

From these and other data, Ellis concluded that any
acid in a concentration sufficient to give a pH value less
than 4.0 would be toxie to goldfish, but above pH 4.0 the
toxicity depends on the specific action of the particular
acid. Dactie acid, for example, was non-toxie in four days
at pH 4.6 whereas acetic acid was toxie at pH 6.8

Table 6-1 shows the amount of acid added and the re-
sulting pH, but not the resulting acidity, which is a
function of the buffering effect of the water. Thus, when
134 mg/1 of sulfuric acid were added to soft water, the
regulting pH value was 4.3 and survival was limited ; but
in hard water the same amount of acid gave a pH of
4.5 and extended survival. Synergism and antagonism
of other substances affect markedly the toxic action of

acidity|; or, more likely, the toxie action of many sub-

- stances is altered by the acidity of the water.

Stiemke and Eckenfelder (270) tested the reaction of
bluegil] fingerlings to solutions of various acids in dis-
tilled water. Acid was added at periodic intervals of time
until all fish were killed. The results of their investiga-

tions are summarized in the table below.
First Fish East Fish

No. of Died At "Died At

Fish Aeidity Acidity
Acid Tested pH - mg/l »H myg/T
Hydrochloric 9 ° 330 25 3.00 50
Nitrie 6 3.30 25 315 36
Sulfurie 345 20 3.00 b2
Phosphoric 31n 78 3.11 78
Acetic 3.75 85 3.65 149
Propioniq 3.94 55 3.84 90

Hydrochiprie and sulfuric 3.45 31 3.05 54
Sulfuric pnd acetie 3.45 57 3.20 80
Hydrochlorie and acetie 3.50 62 3.47 78

9

3

9

6
Lactie g» 3.50 ar 341 50

3

3

In conptrast to the foregoing regults, Leitch (1015) re-

ported that more than 4.0 mg/l of mineral acids will
kill trout. Parsons (2797 ) surveyed a stream polluted
by aeid |drainage from strip mines, In seetions .of the
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stream where the pIL dropped to 4.0 and the total acidit_y
was 100 mg/1, no fish life and very few plankion existed.

o. Shellfish Culture. Loosanoff and Tommers reported
that increased acidity, occurring either naturally as a
result of the influx of acid swamp waters or as a result
of industrial pollution, reduced the rate of pumping
among oysters, thus interfering with their feeding ac-
tivities. At a pH of 7.75 the oysters appearéd to pump
normally; at pH 6.5 the pumping rate was significantly
lower; and at pH of 4.14 the pumping rate was only 10
percent of normal {1448).

ACIDS, ORGANIC, GENERAL

(see also pH, Acidity, and the specific acids)

Hammerton (360) reported that lactic, acetic, oleie,
stearic, and palmitic acids were all destructive to port-
land cement, but that oxalic aeid was not. Anderson
(858) claims that in Lake Erie water at 25°C all of the
organic acids tested, with the exeeption of benzoic and
tannic acid, were non-toxic to Daphnie magna until they
reduced the pH value to 6.0 or less.

ACRIDINE CeH,CHN CgH,

Related to pyridine and quinoline, and like them a
weak organic base, aeridine is a solid substance that is
only slightly soluble in boiling water. Tt may occur in
wastes from coal-tar and gas plants, and po=sibly in dye
wastes. It has been reported to kill perch in « concentra-
tion of 0.7 mg/1 (365) and Daphnia in a -eoncentration
of 5.0 mg/1 (313). Yeariing trout lost equilibrium in 60
minutes at a concentration of 1.5 mg/l at 12°C (3245).
A concentration of 5 mg/1 was lethal to rainbow trout in
two hours and to the bluegill sunfish in 13 hours. The sea
lumprey withstood this concentration for 13 hours but
with obvious distress (2976).

ACROLEIN
(see Chapter IX)

ACRYLONITRILE

{see also Cyanides, Hydrogen Cyanide)

A flammable liquid used in the manufacture of plas-
ties and synthetiec rubber, and as a pesticide fumigant
for stored grain (364), acrylonitrile is moderately soluble
in water (3246). It does not appear to dissociate appre-
ciably in water and eonsequently it dees not form meas-
urable HCN, the toxie cyanide prineiple. For this reason,
it is not anticipated that aecrylomitrile will be highly
toxic to aquatic life (2958). Bandt (3247), however,
states that acrylonitrile breaks down m water to yield
HCN. _

Daugherty and Garrett {1441) indicate that eoncen-
trations of 20 mg/l in sea water are deleterious for ma-
rine fish such as pin perch. According to Renn {2968)
the tolerance level for mixed fresh-water fish is between
10 and 18 mg/l as N(38 to 68 mg/l as acrylonitrile}.
Bandt (3247) reports that the lower tolerance himit for
fish is about 20 to 25 mg/l whereas all fish are killed
within 24 hours by 100 mg/1. Garrett (2959, 2960) found
the 24-hour TLy, for pin perch to be 24.6 mg/l. A eon-
centration of 30 mg/1 gave 100 percent mortality.

CH,CHCN

Henderson et al. (2958) conducted bioassays using
three species of fish in both hard and soft water satu-
rated with oxygen at 25°C. Their results as shown below
are expressed as median toxic limits based on commercial
aerylonitrile. '

Kind of Type of L inmg/!

Fish : © Weier  2h-hour }8-hour 96-hour
Tathead minnow hard 327 16.7 14.3
Fathead minnow soft 34.3 215 181
Bluegills soft 255 14.3 11.8
Guppy soft 44.6 335 33.5

Adult bluegills exposed up to four weeks in water eon-
taining 5 mg/1 of acrylonitrile did not piek up any or-
ganoleptic properties that were apparent to a taste panel
(2958). '

Cherry et al. (3246) studied the effect of acrylonitrile
on the mixed biota in stream purification. They found
that concentrations of 10 to 25 mg/1 did not interfere
with mixed cultures but at 50 mg/1 the growth was pre-
dominantly fungal.

ACTINOMYCETES

(see Chapter VII)

ADIPONITRILE " NC(CH:)CN
(see also Cyanides, Hydrogen Cvanide)
Henderson et al. (2958) conducted bioassays using
three species of fish in both hard and soft water satu-

rated with oxygen at 25°C. For commercial adiponitrile
they found the following median toxic limits:

Kind of Type of Pl in mg/l
. Fish Water 2h5-hour 48-hour 96-hour
Fathead minnows hard 835 835 820
Fathead minnows soft 1350 1300 1250
Bluegill sunfish soft 1250 815 T20
Guppy soft 1200 830 775

This compound does not appear to dissociate appreci-
ably in water and consequently not much HCN ecan be
formed to become toxie. Adult bluegills exposed up to
four weeks in water containing 100 mg/1 of adiponitrile
did not pick up any organoleptic properties that were
apparent to a taste panel (2958).

AEROSOL 0. T.
{see Chapter X)

ALBUMIN

Egg albumin is a complex protein, soluble in water
and dilute salt solutions, with a molecular weight of ap-
proximately 43,000. In stabilized tap water, Schaut
(362) found that a concentration of 17.1 mg/1 of albu-
min was not harmful to minnows during 24 hours of
exposure, but the dissolved-oxygen content was Jowered
28 percent, indieating that hiochemical decomposition
oecurred.

ALBUMINOID AMMONIA or
ALBUMINOID NITROGEN

(see also Ammonia and other nitrogen ecompounds)
Albuminoid nitrogen is defived in the 10th Edition of -
Standard Methods for the Examination of Water and
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Sewage (469) as ‘‘the nitrogen equivalent of ammonia
formed or liberated from nitrogenous matter by the ae-
tion of alkaline permanganate in water after expulsion
of ammonia nitrogen by distillation.’” Tis significance is
difficult to determine or to define, for it merely repre-
sents a portion of the organic nitrogen that is readily
released by a chemical reaction. Formerly determined
and reported in most analyses of polluted waters, albu-
minoid ammonia (or albuminoid mitrogen if the results
-are reported as N rather than NH;) is seldom used in
modern analytieal work in the U. 8., and consequently
most of the references thereto are in out-dated or foreign

publications.

ALCOHOLS, GENERAL

(see also Allyl Aleokol, Amyl Alcohol, Benzyl Aleohol,
Butyl Alcohol, Ethyl Aleohol, Cetyl Alcohol, Methyl
Alcohol, Octyl Aleohols, Phytosterol, Propyl Alcohol,
and other speecific alecohols)

Under this heading are abstracted articles covering
several alcohols for eomparative purposes. Most of the
criteria relating to specific aleohols are listed under the
designated eompound. .

According to Welch and Sloecum (3248) the acute
oral toxicity of primary alechols toward rats is as fol-
lows: methyl, 9.1 mg/kg of body weight; ethyl, 7.4
mg/kg; propyl, 3.3 mg/ke; butyl, 2.75 mg/kg; amyl,
3.3 mg/kg; hexyl, 41 mg/kg; and heptyl, 6.6 mg/kg.

Toxicity tests with ereek chub, a fish econsidered to be
average in tolerance, at 15 to 21° ¢ in well-aerated
water, revealed the ‘“‘critical ranges’’ shown in the
following table. Critical range is defined as the range in
concentration below which all four test fish lived for 24
hours and above which all died (1442).

Aleohol Critical Renge in mg/1

n-propyl alcohol 356500
n-amy! aleohol 350500
mixed primary isoamyl sleohols 400-600
isopropyl aleohol 9001100
n-butyl aleshol 16001400
tertiary amyl alechol 13002000
tertiary butyl alechol 30006000
ethyl saleohol T000-9000
800017000

methyl aleohol

Hodgson (2956) determined the concentrations of pri-
mary alcohols required to stimulate the movement of
the water beetle (Laccophilus), with the following

results :

Aleohol Critical Range in mg/l
methyl 115,000
ethyl : 198,600
n-propyl 192,000
n-butyl 3,410
n-pentyl 644
n-hexyl 112

ALCOHOL SULFATES
“(see Chapter X)

ALDEHYDES
{see Acetaldehyde, Benzaldehyde, Formaldehyde, Far-

fural, and Vanillin} .

ALDRIN
(see Chapter IX)

ALGICIDES
ee specific compound in Chapter IX)

ALIPHATIC AROMATIC SULFONATES

PHATIC SULFONATES
(see Chapter X) :

ALKALINITY

1.\ General. Like acidity, alkalinity is not a specific
polluting substance, but rather a combined effect of
several substances and conditions. It is a measnre of
the power of a solution to neutralize hydrogen ions and
it ig|expressed in terms of an equivalent amount of eal-
cinm earbonate. Alkalinity is caused by the pPresence of
carbpnates, bicarbonates, hydroxides, and io a lesser
extent by borates, silicates, phosphates, and organic sub-
stances. It is determined by titrating with 0.02N salfurie
acid| to the phenolphthalein and methyl-orange end-.
points, the former measuring the so-called caustie alka-
Hnity and the latter the total alkalinity. Like acidity, al-
inity is related to pH but high alkalinities should not
be canfused with high pH values. Thus, a relatively pure
water with a pH value of 7.0 will have a low total
alkalinity whereas a buffered water at pH 6.0 will have
a high total alkalinity. For a more thorough diseussion
of alkalinity and an evaluation of the hydroxyl, car-
bonate, and bicarbonate components thereof, see Stand-
ard Methods For the Analysis of Water and Wastewater

Some natural waters, especially those in the sonth-
western U. 8., are highly alkaline while others, such
as those in western Washington or the New England
states, are low in alkalinity. The alkalinities of streams
are frequently increased by the addition of municipal

sewage and many industrial wastes, too numerous to
list herein.
2. Qross References. Acidity, pH, Hardness, Dis-

solved Solids, Carbonates, Biearbonates, Hydroxides,
and other specifie snbstances that may affect akalinity.

3. Effects Upon Beneficial Uses.

a. Domestic Water Supplies. In iiself, alkalinity is
not cqnsidered to be detrimental to humans but it is
generglly associated with high pH values, hardness, and
excessive dissolved solids, all of which may be deleteriouns.

b. Industrial Water Supplies. Alkalinity is detrimen-
tal in many industrial processes, especially those involv-
ing the produetion of food and beverages. It is partie-
ularly | frowned upon in the produetion of carbonated
and acid-fruit beverages because it nentralizes the nat-
ural taste-producing snbstances and makes the beverage
more shsceptible to bacterial action (179). The ranges of
recommended threshold values of total alkalinities in
industrial water supplies are presented in Table 6-2,

In contrast, alkalinity is desirable in marny industrial
waters, especially if it serves to inhibit corrosion by
creating a favorable caleium-carbonate balance. In oil-
field work, Nelson (349) reeommends that the alkalinity
of urnaerated water should be at least 20 mg/1.
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¢. Trrigation Water. Excessive alkalinity in irrigation
water is detrimental in that it adds to the total salinity
and is frequently accompanied by high pH values. In
conventional chernical analyses of irrigation waters, how-
ever, alkalinity is frequently not listed (see Chapter V).

d. Stock and Wildlife Watering. High alkalinities in
water are reportéd to have been detrimental to stock.
When the caustic alkalinity reaches 50 mg/l, trouble
with diarrhea in chickens begins (1019), and at a total
alkalinity of 170 mg/1 animals were reported to develop
diarrhea (1020). _

e. Fish and Other Aquatic Life. Doudoroff and Katz
(361) cite references indicating that none of the strong
alkalies, such as ealcium, potassium, and sodium hydrox-
ide, has been shown elearly to be lethal to fully de-
veloped fish in natural waters when its concentration is
insuffieient to raise the pX well above 9.0. Interference
with normal development and other damage to fish life
sometimes may oceur, however, at lower pll values.
When eaused almost entirely by bicarbonates, alkalinity
does not seem to have any harmful effect upon plankton
and other aquatie life (1021). '

. TABLE &6-2
RANGES OF RECOMMENDED THRESHOLD VALUES
OF TOTAL ALKALINITIES iIN INDUSTRIAL
PROCESS WATERS

Industry and Process Recommended Threshold  Reference
: Values in mg/l
Brewing
Light beer T5-80 152, 173
Dark beer ' 80-150 - 152, 173
Carbonated beverages 30-85 173
Carbopated beverages 50 152, 180
Carbonated heverages 51.3 1016
Carbonated beverages 60-100 1017
Carbonated beverages 85 185
Carbenated beverages 100 184, 188
Carbonated beverages 125 179
Carbonated beverages 128.5 186
Carbonated beverages 170 185
Food products 80-250 173
Pruit juice 106 164
Laundrying (diapers) 60 493
Pulp and paper making
Groundwood palp 150 244
Kraft paper, bleached T5 351
Kraft paper, unbleached 150 351
Fine papers 45-T5 551, 350
Seda and sulfate pulp i 245
Rayon manufacture 50 152
Rayon manufacture (33 550, 405
Tapning 128.2 1018
Tanning 135 152

Qtiemke and Bekenfelder (270) found that the aver-
age lethal doses of various alkaline solutions toward
bluegill fingerlings were as follows:
’ Alkalinity as Calcium

Sustance Carbonate in mo/l pH
Sodivm hydroxide 70 10.55
Ammeninm hydroxide 31 9.60
Sedium carbonate 120 ——
Potassium iodide and sodinm

hydroxide 87 R

According to Warrick et al. (599) high alkalinity is
antagonistic toward the toxieity of copper sulfate to fish.
The relative toxicity of 25 mg/l of copper sulfate to
brown trout fry varied inversely with the alkalinity,

with ail fish dying in 2.5 hours when the alkalinity was
only 6.0 mg/] whereas some fish survived after 12.5 hours
when the alkalinity was 248 mg/l. '

1t is generally recognized that the best waters for the
support of diversified aquatic life are those with pH
values betwéen 7 and 8, having a total alkalinity of 100
to 120 mg/1 or more (3249, 3250). This alkalinity serves
as a buffer to help prevent any sudden change in pH
value, which might cause death to fish or other aguatie
life. In Michigan, the addition of lime to Stomer Lake
inereased the alkalinity from 6 to 15 mg/l, improved
the biological productivity, and even caused some exten-
sive phytoplankton blooms.

ALKENYL DIMETHYL ETHYL
AMMONIUM BROMIDE

ALKYL ARYL COMPOUNDS
ALKYL BENZENE SULFONATE

ALEKYL DIMETHYL COMPOUNDS
ALKYL SULFATE

ALKYL SULFONATE
(See Chapter X)

ALLYL ALCOHOL CH,=CHCH;0H

A colorless liquid with a pungent mustard-like odor,
allyl alcohol is miscible with water. It is used in war
gases, resins, and plasticizers. It is very irritating to
mucous membranes and skin (364). The oral LDy is
reported as 40 mg/kg of body weight for dogs (364) and
100 mg/kg for rats (3251)., When fed in the drinking
water of rats, retardation of weight gain began at 250
meg/1, but other effects were minor even at 1000 mg/]
(3252). According to Woelke (2989), allyl aleohol is
lethal toward bivalve larvae at 2.5 mg/1. Hubault {3263)
reported the threshold of harmfulness of -allyl alcohol
toward rudd to be 10 mg/1.

ALUM

(gee Aluminnm Sulfate, Aluminum Ammonium Sul-
fate, and other aluminum compounds that are some-
times called alum) -

ALUMINA
(see Aluminum Oxide)

ALUMINUM Al

1. General. One of the most abundant elements on
the face of the earth, aluminum oceurs in many rocks
and ores but never as a pure metal in natore. Although
the metal itself is insoluble, many of its salts are readily
soluble. Other aluminum salts, however, are quite insol-
uble and consequently aluminum is not likely to oceur
for long in surface waters because it precipitates and '
gettles or is absorbed as aluminum hydroxide, aluminum
carbonate, ete. In streams the presence of aluminum lons
may result from industrial wastes or more likely from
wash water from water-treatment plants. This section of
the report deals with referenees to alaminum ions in
water, where no mention is made of the salts from which




130 WATER QUALITY CRITERIA

the pollution was derived. For the salts, see subsequent
pages and cross references.

_ 2. Cross References. Aluminum Ammoniom Sulfate,

Almminum Chioride, Aluminum’ Nitrate, Aluminum
Oxide, Aluminum Potassinm Sulfate, Aluminum Sulfate.

3. Effects Upon Beneficial Uses.

a. Domestic Water Supplies. As one of the most
abundant elements, aluminum is a constituent of all s0ils,
plants, and animal tissues, It oceurs in fruits and vege-
tables in concentrations up to 3.7 mg/kg and in some
cereals up to 15 mg/kg. The total aluminum in the nor-
mal diet has been estimated at 10 to 100 mg per day
(2121). Very little of the ingested aluminum is absorbed
in the alimentary canal and consequently it is almost
entirely evacuated in the feces. The total aluminum con-
tent of an adult human body is only about 50 to 150
mg (2121). Aluminum in public supplies is not con-
sidered & public-health problem, at least when it is pres-
ent as a result of treatment processes. No evidence has
ever been found to prove that the use of aluminam in
water supplies, cooking utensils, or baking powders is
barmful to human beings (32, 36, 152, 155, 353, 633).
Evidence has been uncovered to indicate that salts of
aluminurme in food lower the toxicity of ealcium fluoride
oceuring in combination with natural phosphates (1022,
3254).

b. Industrial Water Supplies. Aluminom compounds
in water in concentrations as low as 0.05 mg/1 may eause
trouble in industries such as Jaumdries and mineral water
plants (36). Aluminum in the concentrations commonly
found in water has no effect on the brewing of beer
(175)}. For rayon manufacturing and processing, the
recommended maximum permissible concentration is
0.25 mg/1 (405, 550).

¢. Irrigation Water. Aluminum is generally a minor
constituent of irrigation waters, and is of Little impor-
tance to irrigation (268); however, aluminnum in high
concentrations in reclaimed effluents could be tozic to
crops (269). Scofield has found that aluminum, like cal-
cium, reduces the injurious effect of sodinm in soil, and
when present in seil or irrigation water may be benefieial
(348). .

The following concentrations of aluminum have been
reported to be harmful to various plants grown in solu-
tion cultures:

Concentration of

Aluminum, in mg/l Plants Effect Reference
1.0 Corn, barley Injury to roots, 1447
and sorghum stalk, and tops
in this order

1.0-4.56 Corn Reduced yields 1447
1.0-100 Flax Abnormal growth 1458

2.0 Barley Depressed growth 1447

7 or less Sorghum Depressed growth 1447

14 Corn Depressed growth 1447

- On the other hand, MeLean and Gilbert as reported
by Ligon and Pierre (1447) found that 3.4-13.6 mg/1 of
Al*+* stimulated the growth of rye and oats; and 13.6
mg/1 reduced yields of corn by only 4-7 percent. Alumi-
num in small ameunts was reported to reduce the symp-
toms of manganese poisoning in flax grown in solution
cultnre (1458).

Ligon and Pierre (1447} suggested that some of the
conflicting results of independent studies might be at-
tributable to differences In the pH values of the culture

solutions used. In their experiments, the pH was main-
tained at 4.5 to keep aluminum in solution; at this pH,
without aluminum, the yield of corn was 50 percent
lower than that of corn grown at pH 6.0. At pH 4.5,
aluminum at a concentration of 1.0 meg/1 further redueced
the|yields by about 25 percent; at concentrations of 2.28
and 4.56 mg/l, aluminum further reduced the yields by
39 and 59 perecent respectively.

4| Stock and Wildlife Watering. An average daily
dos¢ of 2 mg aluminum has not harmed rats (353). Ac-
cording to Maynard (995), aluminum has not been
proyed to be essential for animals. Much higher levels
of dluminum than those found in food or water have
beer} fed continuously to rats, dogs, pigs, and man with-
out |observable harm. However, in excessive amounts,
there is the risk that aluminum will interfere with phos-
Phorus metabolism, causing seeondary symptoms of phos-
phorus deficiency.

e.|Fish and Other Aquatic Life. The following con-
centrations of aluminum have been reported lethal to
aquatic animals in the time specified :

Concentration of Compound Fime of Type of
Alunjinum, mg/1 Used Exposure, Fish Reference
0.07 e e sticklebacks 2941
0.10 Al(NOs)s I week sticklebacks 1460
0.27 AlCls 50 hours eels 1459
0.3 AI(NODs 1 day sticklebacks 1460
6.5 : AlCls _— fish 1023
2.7 AlCis 3.8 hours eels 1459
5.0 — & minutes trout 604
17.8 Al short redfish 1461

I
{in sea water)

The following concentrations of aluminum have not
harmed fish in the period specified :

Congentration Type of Time of Type of

wmp/t water Bxposure Fish Reference
0.25 acld —— fish 1023
0.2% — 50 hours young eels 1459
1.0 5 minutes

—— trout 604
8.9 seawater —— fish & oysters 1461

£ ffater for Bathing. Alum in swimming poels in a
concentration equivalent to 0.1 mg/l aluminum may
cause (irritation of human eyes ; and 0.5 mg/1 is acutely
irritating (1024). '

ALUMINUM AMMONIUM :
SULFATE ' AINH,(80,)-12H,0

Ocenirring generally as the colorless crystalline ecom-
pound| with 12 molecules of water, aluminum ammonium
sulfate is highly soluble in water and may be found in
wastes| from dye works and cloth-printing industries.

The|threshold econcentration of this compound for im-
mobilization of Daphnia magna in Lake Frie water was
found |to be 190 mg/1 (358). According to Eliis {313)
trout gucenmbed to 523 mg/1 of aluminum ammoninm
sulfate in tap water within 10 hours. The highest con-
centration of this salt tolerated by young eels for more
than 25 hours was reported (1459) to be about 12 mg/1.

ALUMINUM CHLORIDE AlCl; and AICTL;- 6H,0

This salt of aluminum, highly soluble in water, is used
in dyeing fabries, manufacturing parchment paper, re-
fining operations, and disinfection.

‘When aluminum chloride was dissolved in tap water at
pH 7.274, concentrations of aluminum in exeess of
0.5 mg/1 were fatal to various fishes. Young eels died
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within 3.6 hours in a solution of aluminum chloride con-
taining 2.7 mg/1 of aluminum but they tolerated 0.27
mg/1 for 50 hours (1439}. Wallen et al. (2940) studied
the effect of aluminum echloride on the mosquito-fish
(Gambusie affinis) in highly turbid water at 20-21°C.
They found a 96-hour TL, value of 133 mg/L This
dosage reduced the turbidity from 230 mg/1 to less than
25 mg/1.

The following eoncentrations of gluminum chloride
have been reported to be lethal to various test fish in
sea water:

Concen=
trotion
of A1Cl;  Type of Test
in mg/t Water Organism Effect Reference
28 sea water redfish killed guickly 1461
sen water oiher fish killed more slowly 1461

88
132 zea water all fish most killed in a few 1461

tested hours, all in a few days
176 sea waler alltﬁshd all killed in a few hours 1461
este

The foregoing information shows a wide variation in
the toxic level of AlCl; toward fish. In a similar manner
there is no consistent pattern of toxicity toward lower
forms of aquatie life. Using water from the River Havel
from which the test organisms were recovered, Bring-
mann and Kuhn (2158) studied the threshold effects of
aluminum chloride on various organisms during an expo-
sare of 4 days at 23-27°C. They found that Daphnia
withstood a concentration of 1000 mg/1 as alaminum
whereas Scenedesmus exhibited toxic effects at 1.5-2.0
mg/1 of aluminum. In contrast, the threshold concentra-
tion of aluminum ehloride (AlCly) for immobilization of
Daphnia magna in Lake Erie waters at 25°C was found
4o be less than 6.7 mg/], for a 64-hour peried (598).

Oysters do not appear to be sensitive to the action of
AICL; in seawater (2977).

ALUMINUM NITRATE
Al(NO;)s and AI(NOy)s-9H:0

This highly soluble salt of aluminum is used in the
manufacture of the incandeseent filaments, as a mordant
in printing fabries, and in the tanning and finishing of
leather.

Aluminum nitrate has been found to be toxie to Poly-
celis nigra (a flatworm) in eoncentrations equivalent to
110 meg/1 of aluminum (608). The threshold concentira-
tion of aluminum nitrate for death of stickleback in tap
water is reported to be 0.55 mg/1 (598). Using alominum
nitrate in very soft water, Jones found the lethal eon-
centrations limit of aluminum for stickleback to be 0.07
mg/l. In different concentrations _of aluminum from
this compound, the average survival times of this fish
were one day at 0.3 mg/l and one week at 0.1 mg/l
(1459, 1460, 2920, 2941).

ALUMINUM OXIDE AlO3

This white amorphous powder, also known as alumina
or aluminum trioxide, readily absorbs water from the
air, but is insoluble in water. It is used as an abrasive,
for paint filler, and in paper mills.

Alumina as a colloidal residue has been blamed for an

increase in cancer incidence, but residual salts of alm-

mina appear to be without harmful effects (1025}).

The following concentrations of aluminum cxide have'
been snggested (152, 162) as limits permissible in water
for nise in boilers: - : -

" Pressure {psi) - 0-150  150-250 250400 Over 400

© AlOs (mg/l) ——.— B 0.5 0.05 0.01

For rayon (visecose) pulp production, the concentration
of alumina should not exceed 8.0 mg/1 (152).

The constant intake of water containing almost 3
grains per imperial gallon (about 42.9 mg/1) of alumi-
num oxide was believed to be the cause of death of a
number of cattle (1026).

ALUMINUM POTASSIUM SULFATE ALK (804)2

Readily soluble in water, aluminum poiassium sulfate
may be found in wastes from dye works, tanneries and
leather works, canneries, paper mills, and explosives
works. The salt generally oceurs as AIK(80,)2-12H,0
or as A12(804)3‘K2304'24H20.

The threshold concentration of anhydrous aluminum
potassinm sulfate for immobilization of Daphnie magne
in Lake Erie water was found to be 206 mg/1 (358). The
following eoncentrations of AlK (804)2 have been re-
ported to have killed fish within the period of time
specified :

Concentration Type of

Time of Type of

in mg/i Water Exposure Fish Reference
10 hard 4 days goldfish - 353

100 hard 12.96 hours goldfish 598, 2920
250 _— R . minnows 213
544 tap 6 hours salmon 313
544 tap 16 hours irout 313
1000 hard 1-10 hours goldfish 318

In contrast to the foregoing tabulation, Ellis (313)
reports that goldfish withstood 100 mg/1 of AIK(S04)2
in hard water for 100 hours without detriment. The
maximum concentration of aluminum potassium sulfate
tolerated by young eels for more than 25 hours was re-
ported to be about 13 mg,/1 (1459).

ALUMINUM SULFATE
(ALUM) A].g {SG4) 3 and Al;_) ( 804) g* 18H20

1. General. Aluminuam sulfate is used in water treat-
ment as a coagulant for colloidal and suspended solids,
including turbidity and organisms, with doses of from
5 to 70 mg/1 generally being used (587). Aluminum sul-
fate has been found partially effective for inactivating
viruses of infectious hepatitis (885) and polio (724), for
removal of eysts of amoeba (743), and for removal of
color (837), but it appears to have no effect on odors in
water (1028). It has been reported that a study made
sn 1907 of the effects of various metallic sulfates on fish,
germinated seeds of peas, wheat, and rape, yeasts, and
various soluble enzymes indicated that aluminum sulfate
was poisonous (921).

9 Cross References. Aluminum, Aluminum Ammo-
niuin Sulfate, Aluminum Potassium Sulfate.

3. Effects Upon Beneficial Uses.

a. Domestic Water Supplies. The USPHS Drink-
ing Water Standards of 1962 (2036) do not preseribe
limits for alum in water. Solutions of 1 to 5 mg/1 alumi-
nom sulfate did not increase the sotubility of lead sulfate
or carbboate beyond their solubility in distilled water.
However, where lead service pipes are useéd, high econ-
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centrations of aluminum sulfate may cause an inerease
in the lead content of the water (1029).

(b} Industrial Water Supplies. Aluminum sulfate is
undesirable in water for use in the paper and textile in-
dustries (257). Excessive quantities of alum in water
used for paper have a deleterious effect on the strength
of the paper produet (1030). For use in dyeing rayon,
a residual content of alum of less than 0.4 mg/1 is de-
sirable (852).

e. Irrigation. As aluminum sulfate, 10 mg/1 of alu-
minum caused no apparent injury to oat plants but 25
mg/1 or more significantly reduced growth {1462).

d. Fish and Other Aquatic Life. 1In fresh water, 7
mg/l of aluminum sulfate has been reported to be fatal
to Fundwlus within 5 days and 14 mg/l within 36 hours
(1459). Schaut (362) reported that 17.1 mg/1 of
Al (80,)5-18H.0 was harmless to minnews in stabilized
tap water during one honr of exposure. Sanborn (1030)
found that 100 mg/l of Als(SO.);-18H.O did not affect
goldfish, sunfish, and bass during seven days of exposure
but that 250 mg/] killed them in 8 to 24 hours. Wallen
et al. (2040) studied the effect of aluminum sulfate on
the mosquito-fish (Gambusia affinis) in turbid water at
- 19-22° C. They found the 96-hour TL,, to be 235 mg/1, at

which concentration the turbidity was reduced from 180
mg/] to less than 25 mg/l, owing to the coagulating ae-
tion of the alum.

The threshold coneentration of aluminum sulfate for
immobilization of Daphnia magna in Lake Erie water
was found to be 106 mg/1 (358).

AMINES AND AMINO GOMPOUNDS

{See also Aniline, Benzene Derivatives, Benzylamine,
Diethanolamine, Diethylamine, Dimethylamine, Ethyla-
mine, Hydroxylamine, Methylamine, Rosin Amines (in
Chapter IX), Triethylamine, Trimethylamine, and Urea).

Compounds derived from ammenia by the replacement
of hydrogen by one or more univalent hydroearbon
radicals are known as amines; for example, methylamine
is CH;NH.,, dimethylamine is {CH;):NH, and trimeth-
ylamine is (CH3);N. Several of the references unecovered
in this survey refer to specific amines. In snch eases,
these compounds are generally listed separately in this
volume. Other references cover multiple amines in such
4 manner that they can best be shown as a group under
this seetion. .

Gillette, Miller, and Redman (1442) ran toxieity tests
with creek chub, a fish considered to be average in toler-
ance, at 15-21° C in well-aerated water, Toxicity was
expressed in terms of a ‘‘critical range,”’ defined as the
range of concentration in mg/1 below which all four fish
lived for 24 hours and above which all died. For the
amines and related compounds, the critical ranges were

reported to be as follows:

Substance Critical Range, in mg/1

Diamylamine ___________________ 5-20
RBis-henzylethylenediaminediacetate . 5-20
Monomethylamive . __ __ 10-30
Di-sec-butylamine _______________ 15-40
Tri-n-butrlamine — 2040
Di-issbutylamine . ____ 20-40
Mono-see-butylamine _____ __________ 20-60

i 20-60

Mono-isobutylamine __._______________

Su bst(mge Critical Range, in mg/1
Di-n-propylamine . _______ _______ 20-60
Di-n-butyleamine _____ _______ 20-60
Nonic 218 (trade name)___ _________ 20-60
Dimethylamine _______ _ e 30-50
Monoethylamine _________ __ ~ 30-50
Bthylenediamine _____________ " 30-60
Monoamylamine ______ ______ "~ 30-50
1, 8-dibutylthiourea _____ _________ 30-190
Mono-n-butylamine __________________ . 30-70
Tri-n-propylamine 30-70
Di-iso-propyiamine ___________ | 40-60

dono-v-prepylamipe ________ ___ 40-60
onoethylethanolamine _______ ______ 40-70
onoisopropylamine ______________ 40-80
riethylamine __._____ _______ 50-80
iethylamine ____ - TO-100)
iethylethamolamine ____________ 80-120

1, 3-diethylthiowrea __._______ _______ 100-300
thyldiethanolamine __ __________ 160-200
tethylnitrosoamine ____________ $00-1100
uramine (irade pame) _____________ 1000-1500
dothal (irade name)_________ 1800-3200
tethylaminohydrochloride ___ _ ___ 4000-6000
Etbylenethiourea _______ _____ 6000-8006G
1,3-dimethylarea ___________ ____ T000-15,000
Urea _________ o 16,000-30,000

Acgording to Smith et al. (2978) the oral DL, for
rats and the 95-percent confidence Iimits for several
amm¢ eompounds are as follows

LDs in gm/kg 85 pereent
ompound of body weight confidence limits
E" ylamine 0.40 0.29.0.56
Dijisopropylamine 077 0.61-0.94
Dibutylamine 0.65 0.48-0.62
Hexylamine 0.67 0.62-0.74
2-Fthylbntylamine - 039 $.34-045
4 O-M-TOLUENE SULFONIC
1D CHNH.S0.H

Wallen et al. (2940) studied the effect of this com-
pound|on the mosquito-fish (Gambusia affinis) in highly
turbid| water at 22.24°C, They found the 24-, 48-, and
96-hour TLy, concentrations to be 425, 410, and 375 mg/1
respeetively. The turbidity was reduced from €50 meg/1
to 220\ mg/] and the maximum dosage lowered the pH
to only| 6.3. '

AMINOTRIAZOLE
(see Chapter IX)

AMMATE (AMMONIUM SULFAMATE)
(see Chapter IX)

AMMONIA NH;

In the pure form, ammonia is a colorless

'gas with a very pungent odor, made synthetically from

atmospherie nitrogen and hydrogen, or obtained during
the mapufacture of coal gas. In surface or ground
waters, however, it generally results from the decompo-
sition of nitrogenous organic matter, being one of the
constitugnts of the complex nitrogen cyele. It may also
result from the discharge of industrial wastes from chem-
ical or gas plants, from ice plants, or from scouring and
cleaning) operations where ““ammonia water’’ is used.
Rivers known to 'be unpolluted have very low ammonia
concentrations, generally less than 0.2 mg/1 as N (2972).
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Being soluble in water to the extent of 100,000 mg/1
at 20°C, ammonia gas reacts with water, liberating much
beat, to form ammonium bydroxide. This, in turn, dis-
sociates readily into ammonium and hydroxyl ions,
thereby tending to raise the pH value of the solution.
The combined reversible equations are as follows:

NH:J, + .0 = NHOH = NHF + OH_' ’

Inasmuch as the dissociation constant for ammoniom
hydroxide is 1.8 > 107° at 95°C {911}, the ratio of am-
monium ions to ammonium hydroxide molecules is a fune-
tion of pH as follows:

[(NH#] 1.8 X 107°
[NHOH] ~  [OH7]

At pH 6, this ratio is 1800 to 1, at pH T it is 180 to 1,
and at pH 8 it is 18 to 1. For common ranges of pH,
therefore, it is evidence that most of the ammonia in
water exists in the form of ammonium ions. Fuarther-
more, all of the common ammonium salts are also
readily soluble in water, yielding NH,* and an anion. In
the case of the chloride, nitrate, and sulfate, the solu-
tion of ammonium salt results in a deerease in pH since
part of the ammonium ions combine with hydroxyl
ions in the water. ‘

Despite the fact that the ammoniam ion predominates,
except at high pH values, the data in much of the litera-
ture are in terms of ammonia (NHj). In recent work,
however, the term ‘‘ammonia nitrogen’’ {expressed as
N) is gaining prominence. The test for ammonia nitro-
gen, as outlined in Standard Methods for the Analysis
of Water and Sewage (469), measures all of the nitrogen
in the form of NH,, NH,OH, and NH,

The results given below pertain only to literatare deal-
ing with the terms ammonia or ammoniom jon, Where
coneentrations are expressed in terms of the hydroxide
or as salts of ammonia, the data are listed separately
under the respective heading.

2. Cross References. Albuminoid Ammonia, Ammo-

nium Hydroxide, Various Ammonium Salts, Chapter IX
(Pesticides) and Chapter X (Surface-Active Agents)
3. Effects Upon Beneficial Uses.

- a. Domestic Water Supplies. No limits on ammonia are
get by the USPHS Drinking Water Standards of 1962
(2086) or the WHO International Standards {2328);
but the WHO European Drinking Water Standards
(92329) set a recommended limit of 0.5 mg/1 as NHy*.
According to Laufer (170) a generally accepted limit
for free ammonia for sanitary purity of water supplies

‘3 between 0.05 and 0.10 mg/l. Although free ammonia
is often of vegetable origin and without bygienic signifi-
cance, its concentration in water in excess of 010 mg/l1
renders the water suspect of recent pollution (855).

In discussing the use of tinned vs. untinned eopper
tubing for distribution of domestic water, Royden et al.
(1042) feel that untinned copper should not be used if
the ammonia content of the water exceeds 5.0 mg/1.

Although the ingestion of ““‘aqua ammonia’ or ‘‘am-
monia water’’ containing 28 to 29 percent ammonia in
water has been reported to be fatal (364) there appears
to be no physiological barm in concentrations of am-

monia that might occur in natural or polluted waters. In
fact, ammonia is used in waterworks to form chloramines
for sterilization and residual action in water.

The odor threshold for ammonia has been reported as
0.037 mg/1 (1756), but for the brewing of coffee the
taste threshold is 8¢ mg/1 (2059). ' _

b. Industrial Water Supplies. The slight concentra-
tions of ammonia in natural waters appear to be of no
industrial significance, although Hammerton (360) re-
ports that ammonium salts are destructive to eoncrete
made from portland cement. For gteeping’ of barley in
malting processes, the coneentration of ammonium salts
shounld be low (240}.

e. Trrigation Waters. Ammonia is one of the minor
constituents of irrigation water, usually occurring in
low concentrations, and of little importance to irriga-

‘tion practice (268). Because it changes rapidly to ni-

trites and npitrates, ammeonia is actually a fertilizer for
most erops. Indeed, ammonium salts eonstitute a major
souree of nitrogen fertilization.

d. Stock and Wildlife. It has been reported (353)
that the ingestion of 50 to 80 ml of 0.5 percent ammonia
by rabbits at intervals of one to two days for periods up
to 17 months caused chronie acidosis and tissue changes.
On the other hand, 23,850 mg/kg of ammonia (fed as
ammonium persulfate) in the diet of dogs had no appar-
ent effect in 16 months,

" e. Fish and Other Aquatic Life. According to many
references, (1043, 1464, 3057, 3332, 3333) the toxicity
of ammonia and ammonium salts to aguatic animals is
directly related to the amount of undissociated ammo-
nium hydroxide in the solution, which in turn is & fune-
tion of pH as explained under ‘‘General’’ above. Thus,
a high concentration of ammonium ions in water at a
low pH may not be toxie, but if the pH is raised toxicity
will probably increase (361). Ellis found that the tox-
icity of a given concentration of ammonium compounds
toward fish increased by 200 percent or more between
pH 7.4 and 8.0. :

The presence of carbon dioxide, up to concentrations
in the range of 15 to 60 mg/l, appears o reduce the
toxieity of ammonia presumably by lowering the pH
value (139, 140, 142, 143, 3321). Inasmuch as CO. is
excreted by the fish, the pH value at the gill surface
will be lower than in the bulk of the solution, thereby
redueing the proportion of un-ionized ammonia at the
gill (3321).

The toxicity of ammonia to fish is incereased markedly
at low tensions of dissolved oxygen (144, 2096, 2518,
2640, 2952, 8384). A concentration of non-ionized am-
monia equivalent to 0.2 mg/1 of nitrogen decreased the
survival time of trout at 2 level of dissolved oxygen that
otherwise had no lethal effect (2096). The concentration
of excreted earbon dioxide at the gill surface varies with
the oxygen content of the water; hence as the oxygen
tension is reduced, the coneentration of excreted CO» is
also reduced and the pH value of the water in econtact
with the gill surface rises, leading to an inereased
toxicity of an ammonia solution. This mechanism ex-
plains the inereased toxieity of ammonia at Jow oxygen
tensions (3321).
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* The following concentrations of ammonia have been
reported to be toxie or lethal to fish in the time specified :

Concentration Time of Type of
-NHs inmgfl Exposure . Fish Reference
0.3-0.4 — trout fry 1485
6.3-1.0 —— fish 1044
0.6%* 100-200 minutes rainbow trout 88
0.7 - 390 minutes rainbow trout 2970
1.0-2.0 _— fish 1465
1.2 192 minutes Sgqualius cephalus 2970
2.0 r ﬁs}lndﬁ B 130%2
2.0-2.5 1-4 days goldfis
_ goldfish 1466
5'3-7 [4days fish 1460, 1466
2.4 13 hours Cichla ocellaris 145
S A ten  pour T bluegill sunfish 2036
3'40%(;ﬂ Water'%-hour TLm bluegill sunfish 2936
5.0 _ rainbow trout 2977
-7 (aistilled i
5Wr:\%er, 210°C) 6 hours minnows 2942
6-7 (hard :
water, 20°C) 6 hours gxlgili];l:vs Zgég
3 1 hour fish 346
minnows
113 15°18 minutes eel, roach, trout 1267
23.7 (hard
water, 34°C) 86-hour TTim bluegill sunfish 2936
24.4 (hard .
water, 20°C} 86-hour TLm bluegill sunfish 2936
5.7 less than 4 minutes trout 146

*un-jonized ammonia

Brockway (1044) states that an ammonia concentra-
tion of 1.0 mg/1 decreases the ability of the hemoglobin
" to combine with oxygen and hence the fish may suffocate.
A concentration as low as 0.3 mg/l ecauses a noticeable
drop in the oxygen content of the blood of fishes. In the
foregoing table, the work of Ellis (313) is most widely
quoted and concentrations of 2.5 mg/l have been eon-
sidered harmful in the pIl range from 7.4 to B.5. Ellis
reports, however, that concentrations of 1.5 mg/1 are not
harmful to most varieties of fish and Schaut (362)
claims that minnows were not harmed by a one-hour
exposure to 4.3 mg/l. Solutions containing mixtures of
ammonium and eyanide ions are more toxie to fish than
solutions containing either ion alone (1468).

‘With respect to other aquatie life, the fellowin_g results
were reported by the Academy of Natural Sciences of
Philadelphia (2936) :

Concentration of

NHs;as N inmg/i

Time of Tupe of Temperc- producing

Organism . Faxposure Water ture °C' noted effect
Physe hetero-  95-hour soft 20 90  (a)
i hard 20 138.% (a)

siropha (snail) SOt a0 94.6 (a)
wop e

i b-da; soft 2
sévwitg};;ﬁ?n ¥ haxt'_g. 2282 ;38 Eg;
i o] 2

(Tatom) hard 28 420 {b)
soft 30 410 (b}

hard 30 350 (b))

((;.;g gg:]p}g:‘gegtl‘ r"’éducfjon in division (growih)

Algae, which thrive on high nitrate concentrations,
appear to be harmed or inhibited when the nitrogen is
in the form of ammonia. Gusseva (584} reported that 0.4
to 0.5 mg/] of ammonia nitrogen eaused a eomplete dis-
appearance of Aphanizomenon. The lethal concentration
of ammonia for Dephnia has been reporteq at 8 lpg/l
(2977). Stammer (I47) reports the following toxieity
threshold values for indieator organisms of a saprophytie
system, in terms of free ammonia:—Organisms of the

. oligosaprobic and G-mesasaprobie zones, 0.08 to 0.4 meg/l;
- those of the a-mesasaprobic zones 0.3 to 4.3 mg/1; and
those of the polysaprobic zone 3.2 to 220-mg /1.

1471,

AMMONIA LIQUOR FROM GOKE-GAS PLANTS

. General. The concentrations of eight constituents of
ammoniz waste liquors have been reported (1466) as fol-
lthenol&—IO mg/1; higher tar acids-—i0 mg/1; am-

|22

monia as ammoninm hydroxide—10 mg/l; ammoninm
sal OO_ mg/1; thioeyanate—200 mg/1; eyanide—10
meg1; pyridine— 400 mg/1; and naphthalene——5 mg/l.

2| Cross References. Ammonia, Ammonia Salts, Cya-
nides, Naphthalene Organic Aecids, Phenols, Pyridine,
and related compounds,

3. Effects Upon Beneficial Uses,

a.| Domestic Water Supplies. In the extracts from

ammonia waste liquors, the following threshold odors
werg determined (1469)

Phenolic wastes ___.  _______ 1.0 mg/1
Acidie wastes ._____________ " 10.0 mg/1
Neutral wastes ____._____ ______ 1.0 mg/i
Basic wastes ________. ____ " 3.0mg/1

. b. [Irrigation Waters. Ammonia gas liguors contain-
ing 1.5-2.0 percent nitrogen may be used as nitrogenous
ferti};'zer, especlally in combination with other balanced
ilizers. The small coneentrations of phenol and thio-
Cyanate may cause temporary damage to erops, but their
disinfecting action may bossibly have a beneficial effect
on plant diseases. The waste liquors should be applied in
early|spring or after grasses -have been eut (148, 1470,

ish and Other Aquatic Life. Ammonia liquors
contain free ammonia, sulfide, and eyanide, all of which
are rglatively high in toxicity to aquatie life. They also
contain phenol, which has a medium toxicity, and sub-
stances with relatively low toxicity such as thiosulfate
and the higher tar acids (1466). :

Sehant (362) studied the affeet of ammoniacal liquor
from 4 eoke-gas plant on minnows in stabilized tap water.
At a dilution of 1:2400, the minnows were not affected
after due hour of exposure, but at a dilution of 1:240 the
reactign of fish was similar to that of 0.5 mg /1 of sodium
cyanide, i.e., it excited the fish, caused them to stop eat-
ing, and killed 25 percent in a 24-hour period,

The |waste liquor, as tested, contained 1100 mg/l of
phenol] 60 mg/1 of cyanide as HCN, and 600 mg/l of
HCNS|as well as ammonia. At a dilntion of 1: 500,000
it gave|a faint medicinal taste and at a dilntion of 1:240,
a faint yellow color.

AMMONIUM ACETATE CH,COONH,

(see also Ammonia, Acetates)

Used |in textile dyeing, for preserving meat, and as a
mild dipretic for animals, this compound is highly solu-
ble in water. Acecording to Wallen et al. (2940), the 24-
hour, 48-hour, and 96-hour TLy, values for mosguito-fish
{Gambusia affinis) in turbid water at pH 7.6-8.4 were
all 238 mg/l. This concentration reduced the turbidity
from 1400 mg/1 to less than 25 mg/1.

AMMONIUM ALUM
(see Aluminum Ammonium Sulfate)
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AMMONIUM ARSENATE (NTL)HAsO, Cg}u;%t:‘&ﬁonwm,e o Tyr{ehaf

(see also Ammonia, Arsenie)

This highly soluble salt was found to have no effect
upon the sea lamprey, rainbow trout, or bluegill sunfish
when exposed for 24 hours at a concentration of 5 mg/l
in Lake Huron water at pH 7.5-8.2 (2976).

AMMONIUM CARBONATE
(see also Ammonia)

This colorless crystalline or amorphous substance is
nsed in baking powders, for wool geouring, in tanning
and testile mills, and in many manufacturing proeesses.
Tt has been reported in gas-manufacturing wastes (363)
and ice-plant effluents (808). '

Being highly soluble in water, this salt dissoeiates into
ammonium jons that may combine with hydroxyl ions to
form NH,OH. It has the added detrimental effect that
the carbonate ion offsets the tendeney of the ammonivm
jon to Jower the pH (see Ammonia). The carbonate has a
buffering action that influences toxieity of the ammenium
jon. For example, 240 mg/1 of ammonium carbonate in
distilled water killed goldfish in about 3.5 hours whereas
5350 mg/1 of ammonium chloride did not kill in 12 hours
(1043). The following information on the toxicity of am-
monium carbonate toward fish has been noted :

Concentration of

(NH)»COs

(NH;}:00;s in mg/l Remarks Reference
5.5-70 Yethal toward fish___.___ o 808
10 Tolerated by goldfisk for over 100 hours 313
35 Threshold effect toward fish___——————— 1466
48 Killed goldfish in 6 days in hard water_.. 313
1060 Killed goldfish in 4-10 hrs. jn hard water 313
155197 Fatal to shiners and carp in 2 few hours 313
238 96-hour Tlwm for mosquito-fish in turbid
T 2040
600800 Killed orange-spotted sunfish in one kour 3863

AMMONIUM CHLORIDE
{gee Ammeonia)

NH.C1

"This highly soluble colorless salt is used extensively in
industry for dyeing, tanming, washing, and other opera-
tions. One source of ammonium chloride in streams is the
weathering of granite or other rock; hence the presence
of ammonium ion in water is not necessarily an indica-
tion of human pollution (1472). ,
The toxicity of this compound, like that of other am-
moninm salts, depends on the resulting pH of the water.
Unlike the carbonate, however, this salt in high concen-
trations tends to lower the pH value, thereby counteract-
ing the toxicity of ammonium hydroxide. In distilled
water, 5,350 mg/l of ammonium. ehloride did not kilt
goldfish in 12 hours but a solmtion of 2,695 mg/1 in dis-
tilled water became toxic when sodium hydroxide or
other alkalies were added, the increase in toxicity being
proportional to the increase in hydroxyl ions (1043}. In
other experiments tabulated below, ammonium chloride
was less toxic in distilled water (where the pH was low-
ered) than in tap water or hard water that provided
buffering action to maintain a high pH.

- Phe effect of ammonium chloride toward fish has been
 reported as follows: :

wmg/l Exposure .Fis. Remarks Reference
6 96-hour TLm bluegill stapdard dilutlon water 2635
. ~ sanfish : ) ’
38 7.5 hours rainbow mnot lethal 29067
trout
169 30 hours rainbow limiting coneentration 348
. trout
180 - —_— shiners no effect in tap water 3138
and carp
288 6-days goldfish killed in hard water 313
300 . 6 hours minnows minimum lethal dose 2943, 2944
» in hard water
314 trout toxic threshold 10