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To the Reader:

Thousands of fine scientists throughout the country have

contributed directly or indirectly to this publication on

"Quality Criteria for Water." This volume represents a stock- :

taking effort on the part of this Agency to identify as precisely

as possible at this time, on a national scale, the various water

constituents that combine to form the concept of "Quality Criteria
~ for Water". This process of definition will continue .far into

the future because research related to water quality is a never-

ending evolutionary process, and the water environment is so

complex that man's efforts to define it will never attain finite

precision. '

Water quality criteria do not have direct regulatory use, but ‘
they form the basis for judgment in several Environmental Protection —
Agency and State programs that are associated with water quality
considerations. The criteria presented in this publication should not’
be used as absolute values for water quality. As it is stated in the
chapter on "The Philosophy of Quality Criteria" there is variability
in the natural quality of water and certain organisms become adapted
to that quality, which may be considered extreme in other areas. .

These criteria represent scientific judgments based upon literature
and research about the concentration-effect relationship to a particular
water quality constituent upon a particular aquatic species within the
limits of experimental investigation. They should be used with con-
 sidered judgment and with an understanding of their development. The
Judgment associated with their use should include the ‘natural quality
of water under consideration, the kinds of organisms that it contains,
the association of those species to the particular species described
~in this volume upon which criteria values have been placed, and the
local hydrologic conditions. '

It must be emphasized that national criteria can never be de-

veloped to meet the individual needs of each of the Nation's water-
ways--the natural variability within the aquatic ecosystem can never

Vit o
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be identified with a single numerical value. Water quality criteria
will change in the future as our knowledge and perception of the
intricacies of water improve. There is no question but that criteria
for some constituents will change within a period of only two years
based upon research now in progress. That is a mark of continuing
progressive research effort, as well as a mark of a better under-
standing by man of the environment that he inhabits.

This, then, is the challenge for the future: to expand upon our
present baseline of knowledge of the cause-effect relationships of
water constituents to aquatic 1ife and of the antagonistic and syner-
gistic reactions among many quality constituents_in water; and to mold
such future knowledge into realistic, environmenfally protective

- Criteria to insure that the water resource can f£d1fill socigty's

neads. -
. /

. i Py A
Pt e :

' Cffégi;rdt C. Beck

Deputy Assistant Administrator

for Water Planning and Standards




FOREWORD

The Federal Water Pollution Control Act Amendments of 1972 require

_the Administrator of the Environmental Protection Agency to publish
criteria for water quality accurafe]y reflecting ﬁhe 1atest-$cientific
" knowledge on the kind.and extent of all identifiab]e effects on health

and welfare which'may'be ekpecfed from the presence of po11utanﬁs ineany
| body-pf weteh, 1ncfuding ground‘ﬁater. Proposed Water Quality Cfiteria
- wereudeveloped and a notice of theirjavailabil1ty'w55 pub]iehed on. .
October 26, 1973 (38 FR 29646). This present volume represenfs'a
””“rev1sion of the proposed water qua11ty cr1ter1a based upon a considerat1on
”-eof comments received from other Federal agenc1es. State agenc1es,_spec1a1

~interest groups, and'indiV1dua1_seientists.

| This volume, Quality Criteria for Water, addresses the effects: of

those basic Water'conetituents and- pollutants that are censidered most
significant in the aduatic envirenment'fn the'context of eur presehﬁ
’ knowIedge and experience. The format. for criteria presentation has been , 1

a1ﬁered substantia]]y:from the prdposed volume. It is believed that the
| a]phebeticai arrangement of the watef qua]fty'cqnstituents and the form'
in ﬁhich the information is arranged will be of considerable help to'the_
reader in using this vo]ume For each basic water consti£0ent or poltu-
tant there is a recommended criterion an introduction, a rationale
support1ng the recommended criterion and a list of the references cited

in the development of the recommendat1on



. The thrust'of‘this'voiume s to recommend criterta levels for a
water quaiity_that 9111 provide for the protection and propagation of
~fish and other aquatic 1ife and for'recreation in and on the water in
.accord with the 1983 goa]s of P L 92- 500 Criteria also are presented'
-for the domestic ‘water supp]y use. Generaily. these water uses are the
highest achievabie beneficial uses and water qua]ity ‘that supports these
uses wil] a]so be suitabie for agricu]tural and industrial uses. In
those few exceptions. criteria are presented to provide a safe water
- quaiity for agr1cu1tdra1 use, or water quaiity conditions associated
with agricuitura] and industrial uses are discussed in the rationale

'supporting a criterion recommendation

-7 Guideiines to 1mp1ement the consideretion of criteria presented in.
this vo]ume in the deve]opment of water quality standards and in other
'water-related programs of this Agency, are being developed and will be

availabie for use by the States, other agencies and interested parties

in the near future. | S o

N Jege

Qussell E. Tratin
Administrator




PREFACE

The genesis of water quality_criteria in the United States_began in the
early 1900's, Marshl/,'in’T907,'published on the effects of indﬁstr1a1
wastes on fish, Shelfordg/, in 1917, published effect data on fish for a
]argé number of gas;waste conStifuents. In this early publication he
reiterated that the toxicity'df wasﬁe.differs for different species.of fish
and generally is greater‘for the smaller and younger fish. - Powerséf,'working
with She1ford,~expérimented wfth'thE'goldfish-as-a test animal for aquatic__

toxicity studies.

A monumental early effqrtjib gesdribé and recofd.thé~effects of various
concentrations of a great number of substances on aquatic 1ife was that‘of
E]lis in 13937, - Ellisﬂf reviewed the existing literature for 114 substancés_
in a 72-page document and 1isted lethal concentrations found by the-various
authors. He provided a kationa]e for the use of standard test anima]s'1n

aquatic biocassay procedures and he used the common goldfish, Crassius auratus

and the entomostracan, Daphnia magna; as test species in.which experiments

were made in constant temperature cabinets..

Early efforts to summarize knowledge concerning water quality criteria

Y M.C. MARSH, The effect of some industrial wastes on fishes. Water supply
and irrigation paper No. 192, U.S. Geol. Sur., pp. 337-348 (1907}. 3

2

V.E. SHELFORD, An experimental study of the effects of gas wastes upon
fishes, with especial reference to stream pollution. Bull. I1linois
State Lab. for Nat. History, 11:381-412 (1917).

3 e.B. POWERS, The goldfish (Carassius carassius) as a test animal in the
study of toxicity. I1linois Biol. Mong., 4:127-193 (1917).

&

M.M, ELLIS, Detection and measurement of stream poliution. Bull. U.S.
Bureau of Fisheries, 48:365-437 (1937). ‘
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‘took.the form of a listing of the cbncentration, the test organism, the results
of the test within a time period, and the reference for a cause-effect relation-
ship for a particular water contaminant. In early bioassay efforts insufficient
attention was given to the quality .of the dilution water used for the experi-

: ﬁent and to the effects of such dilution water on the relative toxicity of the

tested contaminant. As a result, conclusions from citations of such references

were, at best, difficult to formulate and most often were left to the discretion

of the reader.

In 1952, the State of California®/ published a 512-page book on "Water
Quality Criteria™ that contained 1,369 referenceg. This classic reference
summarized water quality criteria promulgated by State and interstate agencies;
as well as the legal application of such criteria. Eight major beneficial
uses of water were described. Three-hundred pages of the document were
devoted to cauée*effect relationships for major water pollutants. The
concentration-effect levels for the pollutant in question were discussed for

each of the designed water uses,

The State of California‘s 1952 Water Quality Criteria edition was expanded
and tremendous]y enhanced into a second edition edited by Messrs. Jack E. McKee
and Harold U. woif and published in 1363 by the Resources Agency of Calffornia,
State Water Quality Control Boardﬁf. This edition, which included 3,827 cited
references, was a monumental effort in bringing together under one cover. the
world's literature on water quality criteria as of the date of publication.

Criteria were identified and referenced for a host of water quality

2/ yater Quality Criteria. State Water Polluticn Control Board, Sacramento,
California, '

8/ J.E. MCcKEE and H.W. WOLF, Water Quality Criteria, State Water Quality
Control Board, Sacramento,_Ca1ifornia, Pub. 3-A {1963)

Ty



~ characteristics according to their effects onldomestic water supplies,

industrial water supplies, irrigation waters, fish and other aquatic life,

shellfish cuiture, and swimming and other recreational uses. Specific values N
'.were arranged in ascending order, with approﬁriate references, as_they-had been
reported damaging to fish or as not harmful to fish in the indicated time and
under the conditions of exposure. The results of such a tabulation presented a
range of values and, as would be expected by those investigating such conditions,
there was often an overlap in values between those concentrations that had been el
reported by others as harmful. Such an anoma1y is due to differences in investi-

gative techniques among jnvestigators, the characteristics of the water uéed as

a dilutent for the toxicant, the physiological staté of the test organisms, _

and variafions in the temperature under which the tests were conducted. Never -

the less, the tabulation of criteria values for each of the water quality con-

§tituents has been helpful through time to predict a range within which a water

quality constituent would have a deleterious effect upon the recejving waterway.

HIn 1966 the Secretary of the Interior appointed a number of nationally
recognized scientists to a National Technical Advisory Committee to deve]op.water N
quality criteria for five specified uses 6f water: domestic water supply,.
fecreation, fish and wildlife, agricultural, and industrial. In i968 the report
was pﬁb1ished1/. This report constituted the most comprehensive documentation
td date on water quality requirements for particular and defined water uses.
The book was intended to be used as a basic reference by persohne] in State
water pollution control agencies engaged in water quality studies and water

quality standards setting activities. In some respects, this volume represented

2 Water Quality Criteria, A Report of the National Technical Advisory
Committee to the Secretary of the Interior. U.S. Government
Printing Office, Washington, D.C. (1968).

v



a marriage between the best available experimental or investigative criteria
recorded in the literature and the judgments of recognized water quality experts
with Tong experience in assoéiated management practices. Its publication heralded
a change in the concepts of water quaiity criteria from one that listed a series
of concentration-effect levels to another that recommended concentrations that
would ensure the protection of the quality of the aquatic environment and the
continuation of the designated water use. When a specific aquatic 11fe recom- .
mendation for a particular water pollutant could not be made becauée of either a
lack of information or conflicting 1nfqrmation, arrecommendation was made to
substitute a designated application facfdr based upon data obtained from a 96-hour
bioassay using a sensitive aquatic organism and the receiving water as a diluent

for the toxicity test.

- The U.S. Environmental Protection Agency contracted with the National
Academy of Sciences and the National Academy of Eng1neer1ng to embellish the
concept of the 1966 National Technical Adv1sory Committee's Water Qua11ty Cr1ter1a
and to develop a water qua11ty criteria document that would 1nc1ude current
know1edge. The result was a 1974 pub11cat1on that presented water quality

cr1ter1a as of 19728/

The Federal Water Pollution Control Act Amendments of 1972 (P.L. 92-500)
mandated that the Environmental Protection Agency publish watér quality criteria
accurately reflecting the latest scientific knowledge on the kind and extent of
all identifiable effects on heé]thiahdrwe1fgre ﬁhichrmay be expected from the

presence of pollutants in any body of water.

8/ ater Quality Criteria, 1972. National Academy of Sciences, Natiomal
Academy of Engineering. U.S. Government Printing Office,
Washington, D.C. (1974).
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Section 304{(a) of P.L. 92-500 states, "{1} The Administrator, after
consultation with appropriate Federal and.State agencies and other interested
persons, shall develop and publish, within one yeaf after October 18, 1972 (and
from time to time thereafterjrevjse) criteria fer'water quaiiﬁy accurately
reflecting the latest scieﬁfﬁfie khow1edge (A) on the kind and extent of all
identifiable effects on health and ﬁe]fare inc]udfng, but not limited to, -
plankton, fish, shel1fish, wildlife, plant Iife, shore1ines, beaches, esthetics,
and recreation which may be éxpected from the presence of po11utants-in:any body
of water, including ground water; (B) on the concentration and dispersal of
pollutants, or their byproducts, through biological physical, and chemical
processes; and (C) on the effecte of pollutants on biological community diversity,

productivity, end stabi]ityg including jnformetion on the factors affecting
rates of eutrdphication andrrates'of brgan{c and inorganfc sedimentation for

varying types of receiving waters.

"(2) The.Adminisfrator, after consultation with appropriate Federal and
State.agencies and other interested persons, shall develop and publish, withiﬁ
~one yeer after October 18, 1972 (and from time to time thereafter revise)
information (A) oﬁ the factors necessary to restbfe and maintain the.chemica1, B
physicai, and biologice] integrity of all navigable watefé,igroﬂnd waters, |
waters of the contiguous zone, and the oceans; (B) 'on the factors necessary for
the protection end propagation of shellfish, fish, and wild1ife for classes and
categories of receiving waters and to allow recreational activities in an on
the water; and (C) on the measurement and classification of water quality;
and (ﬁ) for tpe purpose of Section7303 of this title, on and the ieentificatione
of pollutants suitable for maximum daily load measurement correlated with the_

achievement of water quality objectives.

vl



— to the States and shall be published in the Fedaral Register and otherwise

P “(3) Such criteria and information and revisions thereof shall be issued
4

made available to the public.”

: Section 101(a){2) of P.L. 92-500 states, "It is the national goal that
wherever attainable, an interim goal of water quality which provides for the
protection and propagation of fish, shellfish, and wildlife, and provides for

" recreation in and on the water, will be achieved by July 1, 1983."

The objectives of this volume are to respond to these
sections of the Act and thus establish water quality criteria.
The QCW will be expanded pericdically in the future to include
additional constituents as data become available. While the

NAS/NAE 1872 Water Quality Criteria considered aluminum,

antirmony, bromine, cobalt, fluoride, lithiim, molybdenum,

Y thallium, wranium and vanadium, these presentiy are not included
in this volume; however, they should be given consideration in
the development of State Water Quality Standards and quality
criteria may be developed for them in future volumes of the QCW.

-In particular geographical areas or for specific water uses such
as the irrigation of certain crops, same of these constituents
-may have harmful effects. Ijntil such time that criteria for the
10 aforementioned constituents are developed; information
relating to their effects on the aquatic ecosystem may be found

in the NAS/NAE 1872 Water Quality Criteria.




PREPARATION OF THIS VOLUME -

A volume of this scope results from the efforts of
many dedicgted people and includes technical specialists
located - tHtroughout the Agency's operational programs and
in its research laboratories. The responsibility for
coordinating compilation efforts and in preparing manu-
script was assigned to the Criteria Branch of the Criteria

and Standards Division within the Office of Water Planning
and Standards, EPA.

s
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THE PHILOSOPHY OF QUALITY CRITERIA

Water quality eriteria specify concentrations of water constituants which,
1f not exceeded, are expected to support an aquatic ecosystem suitable for
the higher uses of water. Such criteria are derived from scientific facts
obtained from exper1menta] or in Situ observations that dep1ct organism
responses to a defined stimulus or material under identifiable or regulated

environmental conditions for a specified time period.

Water quality criteria are not intended to offer the same degree of
safety for survival and propagation at.all times to all organisms within a
.given ecosystem. They are intended- not only to protect essential and sig-
nificant 1ife in water, as well as the direct users of water, but also to
protect 11fe'thét 1s dependent on 1ife in water for its existence, or thét

may consume intentionally or unintentionally any edible portion of such life.

The criteria levels for domestic water supply incorporate available
data for human health protection. Such values are different from the
criteria levels necessary for protection of aquatic life. The Agency's

interim primary drinking water - régul'ation's (40 Federal Register 59566 ...

“December 24, 1975), as required by the Safe Drinking Water Act (42 U.S.C;
300f, et seq.), incorporate applicable domestic water supply criteria.
Where poTIutants are identified in both the quality criteria for domgstit
water supply and the Drinking Water Standards, the concentration levels
are identical. Water treatment may not significantly affect the removal

of certain pollutants.
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What is essential and significant 1ife in water? Do Daphnia or stonefly
nymphs qualify as such 1ife? Why does 1/100th of a concentration that is
Jethal to 50 percent of the test organisms (LC50) constitute a criterion in
some instances, whereas 1/20or 1/10th of some effect levels constitute a
criterion in other instances? These are guestions that often are asked of

those who undertake the task of criteria formulation.

The universe of organisms composing life in water {s great in both kinds

and numbers. As in the human population, physiological variability exists

- among individuals of the same species in reshonse to a given stimulus. A

much greater response varfation exists among species of aduatic_orgaﬁisns.
Thus, aguatic organisms do not exhibit the same degrée of harm, individually
or by species, from a given concentration of a toxicant or potential toxicant
within the enviromment. In establishing a 1eve1'or'concentratidh'of,a qua1jty”
constituent as a criterion. it is necessary to ensure a reasonable degree of
safety for those more sensitive species that are important to the functioning
of the aquatic ecosystem even though data on the response of such specfes to
the quality constituent under consideratioﬁ may not be available. The aquatic
food web is an intricate relationship of predator and prey_organisms. A |
water constituent that may in some way destroy or_e11nnnate'an important
segment of that food web would, in all 1ikelihood, destroy or serfously

impair other organisms associated with it.

Although experimentation relating to the effects of particular substances
under controlled conditions began in the early 1900's, the effects of any sub-

stance on more than a few of the vast number of aquatic organisms have not



been investigated. Certain test animals have been selected by investigators
for intensive investigation because of their importance to man, because of
their availability to the researcher and because of their physiological re-
sponses to the laboratory environment. As general indicators of organism
responseé such test organisms are representative of the expected results

for other associated organisms. In this context Daphnia or stoneflies

or other associated organisms indicate the general levels of toxicity to

be expected among untested species.. In addition, test organisms are themselves
vifa] Tinks within the food web that results in the fish population in a

particular waterway.

The\ideal data base for criteria development would consist of information
on a large percentage of aquatic species and would show the community response
to a range of concentrations for a tested constituent during a long time
~ period. This information is not available but investigators ere beginning
to derive such information for a few water constituents. Where only 96-hour
bioassay data are available, Judgmental prudence dictates that a substantial

'safety factor be employed to protect a1l 1ife stages of the test organism in

waters of vany1ng quality, as wel] as to protect assoc1ated organ1sms within .

the aquatic env1r0nment that have not been tested and that may be more
sensitive to the test const1tuent App11cat1on factors have been used to "

provide the degree of protection required., Safe levels for certa:n ch1or1nated“
hydrocarbons and certain heavy metals were estimated by applying an 0.01

application factor to the 96 hour LC50 value for sensitive aquatic organlsmsh |
Flow-through b1oassays have been conducted for some test 1ndicatororgan1sms-
nver a substanfial nnrind af +heir 1ife historv. In a few other cases,
information is avatlable for the organism's natural 1ife or for more than

one generation of the species. Such data may indicate a minimal effect

level, as well as a no-effect 1eve1.
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The word "criterion” should not be used interchangeably with, or as a

synonym for, the word "standard.” The word "criterion" represents a constituent

concentration or level associated with a degree of environmental effect upon

“which scientific judgment may be Baséd. As it 1s currently associated with

~ the water environment it has come to mean a designated concentration of a

constituent that when not exceeded, will protect an orgénism, an- organism

 community, or a prescribed water use or quality with an adequate degree of

Safety. A criterion, in some cases, may be a narrative ﬁtatement instead
of a constituent concentration. On the other hand a standard connotes
a legal entity for a particular reach of waterway or for an effluent.

A water quality standard may use a water quality criterion as a basis

for regulation or enforcement, but the standard may differ from a

criterion because of prevailing local ‘natural conditions, such as
naturally occurring organic acids, or because of the importance of
a particu1ar waterway, economic considerations, or the degree of safety

to a particular ecosystem that may be desired.

: Toxicity.to‘aquatic life generally is éxpressed_in terms of acute.
(short-term) or chronic {1ong-term) effects. Acute toxicity refers to
effects occurring in a short time period; often death is the end point.
Acute toxicity can be expressed as the lethal concentration for a stated
pefcentage of organisms tested, or the reciprocal, which is the tolerance
limit of a percentage of sufviving organisms. Acute toxicity for'aquatic

organisms generally has been expressed for 24~ to 96-hour exposures.

Chronic toxicity refers to effects through an extended time period.
Chronic toxicity may be expressed in terms of an observation period equal
to the lifetime of an organism or to the time span of more than one

generation. Some chronic effects may be reversible, but most are not.

4



Chronic effects oftan occur in the species population rather than
in the individual., If eggs fail to develop or the sperm does not remain
viable, the.speties'wou1d be eliminated from an ecosystem because of re-
productive failyre. Physiological stress may make a species less competitive
with others and may result in a gradual population decline or absence from
an area. The elimination of a microcrustacean that serves as a vital food
during the larval perio& of a fish's life could result ultimately in the
e]ihination of the fish frdm an area, The phenomenon of bicaccumulation of
certain materials may result in chronic toxicity to the ultimate consumer in
a food chain. Thus, fish may mobilize Tethal toxicants from.their fatty
tissues during periods of physiological stress. Egg shells of'predatory

birds may be-weakened to a point of destruction in the nest, Bird chick embryos
®ay have increased mortality rates. There may be a hazard to the health of

man if aquatic organisms with toxic residues are consumed.

The fact that 1iving systems, i.e. individuals, populations, species

and ecosystems can take up, accumulate, and bioconcentrate man-made and natural
toxican;s is well documented. In aguatic systems biota are exposed directly

to pollutant toxicants through submersion in a relatively efficient

solvent {water) and are exposed indirectly through food webs and other '
E bidiog1ca1. chemical, and physical interactions. Initial toxicant levels,

if not immediately toxic and dahag1hg, may accumulate in the biota or

sediment over time.and increase fo Tevels that are lethal or sublethally
-~ damaging to aquatic organisms or to consumers of fhese organisms. Water

qua11ty criteria reflect a knowledge of the capacity for environ-

'mental accumulation. pers1stence, and effects of specific toxicants in

' specific aquat1c systems.
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ions of toxic materials frequently cause advense effects because they
pass through the semipermeable membranes of an organism. Molecular diffusion
~ through membranes may occur for some compounds such as pest1c1des “poly- .
chlorinated biphenyls and other. toxicants. Some mater1a1§ may not pass
through membranes fn their natural or waste-dischanged sfate, but in water
they may be converted to states that have increased ability to affect
organisms. For example,certain microorganisms can methylate mercury thus producing
'a material that more readily enters physiological systems. Some materials '
may have multiple effects; for example an‘iron salt may not be.toxic, an
iron floc or gel may be an irritant or clog fish gills to effect asphyx1at1on,
T dron at 1ow concentrat1ons can be a trace nutr1ent but at high con-
centrations it can be a tox1cant Mater1a1s a1so can affect organ1sms 1f
their netabolic byproducts cannot be excreted Unless otherwise stated, critenia '
are based on the total concentration of the substance because an ecosystem can
produce chemical, phys1ca1 and b1o]og1ca1 changes that may be detr1menta1 to

organisms living in or using the water.

In prescribing water quality criteria certain fundamental principles
dominate the reasoning process. In establishing a level or concentration
as a criterion for a given constituent it was assumed that other factors
within the aquatic environment are acceptable to maintain the integrity of
the water. Interrelationships and interactions among organisms and
their environmeng as well as the jnterrelationships of sediments .and
the constituents they contain to the water aboves are recognized as faot.
Antagonistic and synergistic reactions amcong many quality oonstitu.entsr
in water alsc are recoqnized as fact. The precise definition of such reactions
and their relative effects on particular -segments of aguatic life have not 7
been identified with scientific precision. Historically, much of the data
to support criteria development was ©f an ambient concentration-organism

response nature. Recently, data are becoming
lo



available on long-term chronic effects on particular species. Studies now
determine carcinogenic, teratogenic, and other insidious effects of toxic

materials.

Some unpolluted waters in the nation may exceed designated criteria
for particular constituents. There is variability in the natural guality of
water and certain organisms become adapted to that quality which may be
considered extreme in other areas. Likewise, it is recognized that a single
criterion cannot identify minimal quality for the protection of the integrity
of water for every aquatic ecosystem fn the nation, To provide an adequate
degree of safety to protect agafnst]ong«term effects may result in a criterion
that canhdt be detected with present analytical tools. In some cases, a mass |
baTance calculation can provide a means of assurance that the integrity of

of the waterway is not being degraded.

Water quality criteria do not have direct regulatory impact, but they
form the basis for judgment in several Environmental Protection Agency prbgrams

that are derived from water quality considerations. For example, water

quality standards deve]opéd by the States under Section 303 of the Act and
approved by EPA are to be-based on the water quality criteria, appropriaté1y

modified to take account of local conditions. The ldcal conditions to be
considered include actual and projected uses of the water, natural background
levels of partfcu]ar constituents, the'presence or absence of sensitive

important species, characteristics of the local biological community,

ﬁ temperature'and7weathér,'f]ow characteristice, and synergistic or antagon1st{c

-effects of combinations of -pollutants.
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‘waters with modifications for local conditions as needed.

Similarly, by providing a judgment on desirable levels of ambient water

' quality, water quality criteria are the starting point in deriving toxic

pollutant effluent standards pursuant to Section:307(a) of the Act. Other
EPA programs that make use of water'QUality critéria include drinking water
standards, the ocean dumping program, des1gnat1on of hazardous substances,
dredge spoil criteria development, removal of 1n-p1ace tox1c mater1a15,

thermal pollution, and pesticide registration,

To provide the water resource prdtection for which they are designed,

quality criteria should apply virtually to all of the nation‘s navigable

To viclate quality

" eriteria for any substant1a1 length of'tfme or 1n'ény substantial-portion

of & waterway may resu1t in an adverse effect on aquatic 11fe and perhaps

a hazard to man.or other consumers of aquat1c 11fe

Quality criteria have been designed to provide long-term protection,

Thus, they may provide a basis for effluent standards;-but:jt is not intended

that criteria values become effluyent standards. It is recognized'fhat certain

substances may bé'applied to the aquatic environment with the cdncurrence-of a

governmental agency for the precise purpose of contro!11ng or managing a portion of

the aquatic ecosystem; aquatic herbicides and aquatic piscicides are examples

of such substances. For such occurrences, criteria obviously do not apply.

It is recognized further that pesticides.app1ied'according to official

label instructions to agricultural and forest lands may be washed to a

recelving waterway by a torrential rainstorm. Under such conditions 1% is

believed that such diffuse source inflows should receive consideration



similar to that of a discrete effluent discharge and that in such 1nstances
the criteria should be applied to the principal portion of the waterway ratlhe

to that peripheral portion receiving the diffuse inflow.

The format for presenting water quality criteria fncludes a concise
“statement of the dominant'criterion or criteria for a particular constituent
followed by a narrative introduction, a rationale that includes Justificatian
for the designated eriter1on or criteria, and a Tisting of the references
cited within the rationa1e. An effort has been made to restrict supporting

data to those which have either been published or are in press awaiting

pub1icat10n A particular constituent may have more than one cr1ter1on

to ensure more than one water use or condition, i.e., hard or soft water

where applicable, suitability as a drinking water supply source, protection

of human hea]tﬁ when.edib1e portions of selected biota are consumed, pro-

" vision for recreational bathing or water skiing, and permitting an appropriate
factor of safety to ensure pfqtect1on for essential warm or cold water

associated biota,

Criteria.ere'presented forlthose substances thaf may occur in water

_;where data indicate the potent1a1 for harm to aquat1c 11fe or to water
users or to the consumers of the water or of the aquat1c 11fe Presented
criteria do not represent an a]] inclusive 1ist of constituent contaminants.

0m1ss1ons from criteria shou]d not be construed to mean that an omitted

quality constrtuent is erther unimportant or non-hazardous.

than
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- AESTHETIC QUALITIES.

CRITERIA:
: A11 waters free from substances attributabie
to wastewater or other discharges that:
(1) " settle to form objectionable deposits;"
| (2) float as debris, scum, oii, or other
‘matter to form- nuisances.
(3)- produce- obaectionabie color, odor,
taste. or turbidity,
{4) injure or are toxic or produce adverse
- physiological responses in humans, o
zanimais or plants; and,
(5) ?:oduce undesirable or nuisance aquatic o
1ife. . .

RATIONALE '

Aesthetic quaiities of water address the genera1 principies 1aid down

in common law. They embody the beauty and quaiity of water and their

hconcepts may vary within the minds of individuals encountering the waterway.

A rationale for these qualities cannot be deveioped with quantifying definitions.

‘however decisions concerning such quaiity factors can portray the best in the

: pubiic 1nterest

Aesthetic qualities provioe the generai rules to protect water. against

env1ronmenta1 1nsu1ts, they provide minimai freedom requirements from poiiution,'

they are essentiai properties to protect the nation s waterways,'



ALKATINITY

CRITERICN :
20 mg/1l or more as CaFO3 for freshwater aquatic life except

where natural concentrations are less.

INTRODUCTION:

Alkalinity is the sum total of components in the water that tend
to elevate the pH of the water above a value of about 4.5 It is
measured by titration with standardized acid to a pH value of about
4.5 and it is expressed commonly as milligrams per 11ter of calcium
carbonate. Alkalinity,. therefore, is a measure of the buffering capacity
of the water, and since PH has a direct effect on organisms as well
as an indirect effect on the toxicity of certain other pollutants in the
‘water, the buffering capacity is important to water quality. Examp]es
of commonly occurring materials in natural waters that increase the

, alkalinity are carbonates, bicarbonates, phosphates and hydroxides.

RATIONALE:

The a]ka]1n1ty of water used: for mun1c1pa] water- supplies is important
lbecause it affects the amounts of chem1caIs that need to be added to accomplish
coagulation, softening and contro] of corrOSJOn in distribution systems. The
aikalinity of water'assiats in the neutralizatddn ef excess acid produced during
the addition of such materia]s as. a]um1num su1fate during chemical coagulat10n
 Waters hav1ng suff1c1ert a1ka11d1ty do not have to be supp]emented with arti-
ficially added mater1a1s to increase the a1ka11n1ty Alkalinity resu1t1ng from
-naturally occurring mater1a15 such as carbonate and bicarbonate is not considered

a health hazard 1n dr1nk1nq water supp11es EEE se, and naturally occurring

i




maximum levels up to approximately 400 mg/1 as calcium carbonate are not

considered a prob]em to human health (NAS, 1974).

A]ka11n1ty is important for flsh and other aguatic life in freshr
water systems because it buffers pH changes that occur naturally as a

result of photosynthetic act1v1ty of the’ ch]orophy11 bear1ng vegetat1on

Components of alkalinity such as carbonate and b1carbonate will comp]ex some

toxic heavy metals and reduce their tox1c1ty marked]y ' For these reasons, the

National Technical Advisory Comm1ttee (NTAC 1968) recommended a m1n1mum

alkalinity of 20 mg/1 and the subsequent NAS Report (1974) recommended that

‘natural alkalinity not be reduced by more than 25 percent but d1d not p1ace

an absolute minimal value for it. - The use of the 25 percent reduct1on avo1ds o
the problem of establishing standards on waters ‘where natura1 a]ka11n1ty 1s :.

at or below 20 mg/1. For such waters, alkalinlty should not. be further reduced

_ The NAS Report recommends that adequate amounts -of alkaIinity be maintained
to buffer the pH within tolerable limits for marine waters. It has been’
noted as a correlation that producti&e waterfow] habitats are above 25 mg/1

with higher alkalinities resulting in better waterfow]_habitats (NTAC, 1968}).

Excessive a1ka11n1ty can cause problems for swimmers by altering the pH of

the lacrimal fluid around the eye, causing irritation.

For industrial water suppli:s high alkalinity can be-damaging to

industries involved in food production, especially those in which acidity

~ accounts for flavor and stability, such as the carbonated beverages. “In other

instances, alkalinity is desirable because water with a high alkalinity is

much less corrosive.

bl



A brief sumary of maximumm aJJcaJ.:f.nities accepted as a source of raw
water by industry is included in Table 1. The concentrations listed in the
table are for water prior to treatment and thus are only desirable ranges and

not critical ranges for industrial use.

The effect of alkalinity in water used for irrigation may be important

in some instances because it may indirectly increase the relative proportiaon of
sodium 1n soil water. As an example, when bicarbonate concentrations are high,
calcium and magnesium fons that are in solution precipitate as carbonates in
the soil water as the water becomes more concentrated through evaporation and
transpiratioﬁ.. As the calcium and magnesium ions decrease in concentration,
- the percentage'of sodium increases and results in .soil and plant A=mage, A_Kal_nlty
may also lead to ch]oros1s in p1ants because it causes the iron to precipitate’
as a hydr0x1de (NAS 1974) Hydroxgl ions react w1th.avai1ab1e iron in the
soil water and make the iron unavailable to p]ants Such deficiencies induce
‘Lchlorosis and further p]ant damage. Usua]]y alkalinity must exceed 600 mg/1

~ before such affects are noticed, however.

13
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TABLE 1 *

MAXIMUM ALKALINITY IN WATERS USED AS A SOURCE
OF SUPPLY PRIOR TO TREATMENT |

Alkalinity

Industry - mg/1 as CaC03
Steam Generation Boiler Makeup....;;ﬂ;;;;.. 350
Steam Generation Cooling.,f:.,...,_ ...... ... 500
Textile METT PROQUCES. . ..seeesersersesees  50-200
Paper and Allied Products........c.vveeess . 75-150
Chemical and Allied Products....... {.;,;.;'- 500
Petroleum Refining..... Cerreineaaes veveess 500
Primary Metals Ihdustries ..... Ciiessenanes - 200
Food Canning Industrjes.......... e 300
Bottled and Canned Soft Drinks............ 85

* NAS, 1974



REFERENCES CITED

National Academy of Sciences, National Academy of Engineering, 1974.

Water quality criteria, 1972, U.S. Government Printing Office,

Washington, D. C.

National Technical Advisory Committee to the Secretary of the Interior,
1968. Water quality criteria, U.S. Government Printing Office,
Washington, D. C.

5




CRITERION:

AMMONIA

@82 mg/1 (as Un-fonized Ammonia) for freshwater aquatic 1ife.

Conuentrations of Tntal Anmnnia (NH3 + HH4 ) Which _ _ K
Contain an Un-innized Annmn!a Concentration -of 0, 020 mg/! NH3* _:  \' ‘ : T

cTemper- f o ey Value

ature e B T . ——— . '

o roeof ss) 70f 7.5 8.0 85 | 5.0 | o5 10.0

Sojee s fae s fae | 0 | oas | 0.011 | 0.03 -

a0 0 e, | oses AN Pas [ | o 1 0.3 {-0.058 | 0.031 o o

RUSEEE 6 S0 BF lrs 2y ors | ooz - 0.093 ) 0.043 | 0.027

20} sel | e 51426 | 02| 018 | o.0r0 0.03 | o0.025

S B RN VR BV RN I § 0.13 | 0.0s5 | 0.031 | 0,02

30 2. '_*'-7‘;9‘: z.s ; ,-‘o‘.sl- 0.27-§ 0.009 | 0.065 | 0.028 | 0.022
*[A.bstr'acted frt- Thqrst.on et al. (1974)] ' o : \,./

INTRODUCTION

Ammonia is a pungent colorless, gaseous, alkaline compound of nitrogen
and hydrogen that is highly soluble in water, It is a biologically active
compound present in most waters as a norma] b1o]og1ca1 degradation product
of nitrogenous organic mattpr. It max also reach ground and surface waters
through discharge of industrial wastes containing ammonia as a byproduct

or wastes from industrial processes using “ammonia water®,

When ammonia dissolves in water, some of the ammonia reacts with the

water to form ammonium fons. A chemical equilibrium is established which



wwntains un-ionized armonia (NH3), jonized ammonia (NH4*), and hydroxide
jons (OH™). The equilibrium for these chemical species can be expressed

in simplified form by the following equation:

NH3 + Hy0 = NHL-H,0 = NH + OH

32 4

In the above equation NH3 represents ammonia gas combining with water,
The term NH3-H20 represents the un~-ionized ammonia molecule which is
loosely attached to water molecules. Dissolved un-ionized

ammonia will be represented for convenience as NH3. The ionized form

of ammonia will be represented as NH4+. The term total ammonia will refer
to the sum of these (NHy + NH4 ). -

The toxicity of aqueous solutions of ammonia is attributed to the- NH3-
species., Because of the equilibrium relationship among NH3, NH4 , and
OH~, the toxicity of ammonia is very much dependent upon pH as well as
the concentration of total ammonia, Othér factors also affect the con-
centration of NHy in water solutidns, fhe most important of which are
temperature and jonic strength, The'concentrafibn of NH3 increases with.
inereasing temperature, and decreases with increasing ionic strength.

In aqueous ammonia soiptiOnS'ofﬂ@ijutei;é]ine_concentrations, the NH,
concantration décreases-with'increasing 5a11n{ty; ': o

A table df percent NH3 fdk'aqueous ammonia-soiutions of zero salinity
at different values of pH and temperaturé is given below., This percentage
can be used td determine the amount of total ammonia which is in the most

toxic (NH3) form,

17
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> - 3 3 - o ) -. . *
Percent Un-ionized Ammonia in Aqueous Ammonia Solutions

Temper- pH Value -
ature :
(oc) | 6.0 6.5 7.0 7.5 { 8,0 8.5 9.0 I" 9.5 | ‘10.0

5 | 0,013 | 0.040 | 0.12 | 0.39 | 1.2 | 3.8 | 11.°| 28, | ss.
10 | 0.019 | 0.059 | 0.19 | 0.59. | 1.8 | 5.6 16. | 37. | 65,
15 | 0,027 | 0.087| 0.27 | 0.86 | 2.7 | 8.0 | 2. | 46. | 73.
20 | 0.040 | 0,13 | 0.40 | 1.2 | 3.8 | 1. | 28, | s6. | s0.

25 | 0.057| 08 | 0.57 | 1.8 | 5.4 |15 | 3. | 64, | 85.
30, | 0.080] 0.25 | 0.80 | 2.5 | 7.5 |20, | 4s. | 72. | 8.

* . .
[Thurston, et al. (1974)]

RATIONALE ;

It has been known since earTy in this century that ammonia §s toxic

to fishes and that the toxicity varies with the pH of the water. Chipman

toxic to goldfish, amphipods, and cladocerans. He concluded. from his

sfudies that the toxicity of ammonium salts was pH?dependent'and-was.directly
felated to the concentration of undissociated ammonia. Chipman‘s work was
confirmed by Wuhrmann, et al. (1947) whq-concludedithat the.NH3 fraction N
was toxic to fish and that the NH4+ fraction had Tittle or no toxicity.
Further studies by Wiuhrmann and Woker (1948) and%lownihg_and Merkens (1955)
agreed with these eariier findings. Tabata (7962), hoﬁever. has attributed

some degree of toxicity to fishes.and invertebrates. to the NH4+ species_(Iess

than 1/50th that of NH3),



In most natural waters, the pH range is such that the NH4+ fraction

" of ammonia predominates; however, in highly alkaline waters, the NH3 ffac-
tion can reach toxic levels, Many laboratory experiments of relatively
short duration have demonstrated that the lethal concentrations for a
variety of fish species are in the range of 0.2 to 2.0 mg/] NH3 with trout
being the most sensitive and carp the most resistant. Although coarse

JSish such as carp survive longer in toxic solutions than do salmenids, the
‘difference in sensitivity between fish species to prolonged exposure is
’-probab1y less than the tenfold range given as the lethal range. The lowest
lethal concentration reported for salmonids is 0.2 mg/1 NH3 for rainbow_trout_
_fry (Liebmann, 1960), The toxic concentration for At?antic salmon smelts
(Herbert and Shurben, 1965) and for rainbow trout {Ball, 1967) was found

to be only sTight]j higher. Although the concentration of NH 4 below 0.2

mg/1 may not ki1l a significant proportion of a fish population, such con- |
centration may'sti11 exert an adverse physiological or histcpathological
effect (Flis, 1968; Lloyd and Orr, 1969; Smith and Piper, 1974). Fromm
(1970) found that at total ammonia (NH3.+ NH4+) concentrations of 3 mg/]
“ammonia nitrogen, the trout became hyperexcitable; at 5 mg/1, amncnia
excretion by rainbow trout was inhibited; and at'8 mg/1 (approximately _ i
-1 mg/1 NH3). 50 percent died within 24 hours. Bﬁrrows”(1964) found progfé§s1vé _
gi11 hyperplasia in fingerling chinook salmon during a six~wgek exposure -
to a total ammonia concentration (expressed aS NH4),of 0.3 mg/1 (0.002
mg/l'NHa), which was the lowest concentration applied. .ReichenbachuKiinkéf_'

(1967) also noted gill hyperplasia, as well ashpathologica1 effects on

a



~ the liver and blood of various species at a concentration of 0.27 mg/1

NHa.  Flis (1968) noted that exposure of. carp to .sublethal NH3 concentra-

‘3\3_(/_,

. tions resulted in extensjve_nécrotic.chahges and tissue disintegratidn in
. various organs. ”
Herbert and Shurben (1965) reported that the resistance of

yearling rainbow trout to ammonia increased w1th salinity (1 e, 'dilution

with about 30 percent sea water) but above that 1eve1 resistance appeared'

to decrease Katz and P1erro (1967) subJected ﬁinger11ng coho salmon

to an ammonia waste at sa11n1ty levels of 20, 25, ~and 29 parts per

thousand (i.e. dilution with about 57-83 percent sea water) and also

found that toxicity 1ncreased with 1ncreased sa11n1ty. In saline. waters _

the NH4+/NH3 ratio must be adJusted by cons1derat1on of the activity of the
charged species and total ionic strength of the- solution. In dflute saline
waters this ratio will change to favor NH4 s and thereby reduce'the concen-
.trat1on of the toxic NH3 spec1es° At h1gher salinity levels the reported
toxic effects of ammonia to fish must therefore be attributed to some
mechanism other than changes in the NH4 /NH3 ratio. Data on the effect of
ammonfa on marine species are Timited and the information on anadromous
species generally has been reported in conjunction with studies on fresh-
water species.

Although the NH fract1on of total ammonia increases with temperature,

the toxic effect of NH3 ¥s. temperature is not clear., Burrows (1964) has 7
reported that the recovery rate from hyperplasia in gi11 tissues of chinook
7 salmon exposed first to ammonia at sublethal levels and then to fresh weter‘
was less at 6% than at 14°C. In this experiment, comparison was made between)

two different age classes of salmon.

1



Lavels of un-ionized ammonia in the range of 0.20 to 2 mg/1 have been
shown to be toxic to some species of freshwater aquatic tife. Ta provide
safety for those 1ife forms not examined, 1/10th of the Tower valuz of
fhis toxic effect range results in a criterion of 0.029 mg/1 of un-ionizad
ammonia. This criterion is slightly lower than that recommznded for European
inland fisheries (EIFAC, 1970) for temperatures above 5° C and pH vaiues

_be]ow 8.5. Measurement of values of total ammonia for calcuiation of
values in the range of 0.020-mg/1 HHj is well within current analytical

capability.
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ARSENIC

CRITERIA:
50 ug/1 for domestic water supplies (health);

100 ug/1 for irrigation of crops.

INTRODUCTION:

Arsenic is a shiny, gray, brittle element possessing both metallic
and non-metallic properties. Compounds of arsenic are ubiquitous in
nature, insoluble in water and occur mostly as arsenides and arseno-
pyrites. Samplings from 130 water stations in the United States have
shown arsenic concentrations of 5 to 336 ug/1 with a mean level of 64
ug/1 (Kopp,_]969). Arsenic normally is present in sea water at concen-

trations of 2 to 3 ug/1.

Arsenic exists in the trivalent and pentavalent states and its
compounds may be either organic or inorganic.' Trivalent inorganic
arsenicals ate more toxic. than the pentavalent fofms both to mammals
and aquatic shecies. Though_mbst forms of arsenic are toxic to humans,
~arsenicals have been used in the medical treatment of spirochastal
infections, blood dyscrasias and dermatitis:(Meer Index, 1968). Arsenic
_-and arsenicals have manyldiversified industrial uses such as hardening of
copper and lead a]]oys, pigmentation in paints and fireworks, and the |
manufacture qf g]ass, cloth and electrical semiconductors. Arsenicals
are used inathe,formu1&tion df herbicidé; for forest management and

agriculture.



RATIONALE:

Arsenic concentrations in most-community drinking-water-supp]ies
in the United States range from a trace to apprbx1mate1y 0. 1 mg/]

{(McCabe, et al.. 1970)

Inorgan1c arsenic is absorbed read11y from the gastro1ntest1na1
tract, the lungs, and to a lesser extent from the sk1n, and becomes

distributed throughout the ‘body t1ssues and f1u1ds (So]]man, 1957)

It is excreted via ur1ne, feces, sweat, and’ the ep1the11um of the sk1n . =

(Ducoff et al., 1948; Mu511 and Dejmal, 1957)

After cessation of continuous

exposure, arsenic excretion may continue for as 1ong as ' 70 days (DuBo1s"

and Geiling, 1959).

Since the early nineteenth century arsenicals have been suspected

of being carcinogenic (Paris, 1820; Sommers and McManus, 1953; Bbutwe]],

1963; Hueper and Payne, 1963).

According to Frost (1967), the most toxic arsenicals are well
tb]erated at concentrations of 10 to 20 ppm arsenic in the diet. The
Teast toxic arsenicals can be fed without injury at levels which
contribute up to at least 1000 ppm arsenic in the diet. He concluded

that arsenicals appéar remarkably free of carcinogenic properties. -

In man, subacute and chronic arsenic poisoning may be insidious

and pernicious. The symptoms of mild chronic poisoning are fatigue

oo



and toss of energy. In more severe intoxication the following symptoms
may be observed: gastrointestinal catarrh, kidney degeneration, tendency
‘ to edema, polyneuritis, liver cirrhosis, bone marrow injury, exfoliate
dermatitis and altered skin pigmentaticn (DiPalma, 1965; Goodman and

Gilman, 1965). No true tolerance of arsenic has ever been demonstrated

(Dubois and Geiling, 1959).During chronic exposure, trivalent arsenic accumilates
mainly in bone, muscle, and skin and to a lesser degree in the liver ard kidneys
(Smith, 1967). '

Reports from epidemiological studies in Taiwan indicate that

0.3 mg/1 arsenic in drinking water resulted in increased incidences of
hyperkeratosis and.skin cancer with increased consumption of water
(Chen and Wu, 1962; Tseng, et al., 1968; Yeh, et al., 1968). A similar

| situation has been reported in Argentina (Trelles, g;_gl.;,1970).
Dermetological manifestations of arsenicism were noted.in children_inlf
Antofagasta, Chile who used a water supply containing an arsenic
concentration of 0.8 mg/1,.A-new,water supﬁ]yrwas provided and preliminary
data showed that the‘quantity of arsenic in hair decreased (Borgono

and Grieber, 1972).

- Arsenicism affecting-two'members of a”family-whbéé well water
concentratron var1ed from 0 5 to 2 75 mg/1 arsen1c over a per1od of
several months was reported 1n Nevada (Craun and McCabe, 1971). A
study in Ca]1forn1a 1nd1cated that a greater‘proportTOn of the

, popu1at1on had elevated concentrat1ons of arsen1c in ha1r when their
drinking water had more than 0. 12 mg/1 arsenic than when concentratzons
were lower, but i]]ness was not noted {Goldsmith, et al., 1972). 1In
none ofrthe‘cited incidents of apparent correlation of arsenic in drinking
water with increaSed'ihcidence of hyperkeratosis and skin cancer has there
been any confirmed'eefdeneé'fhat'arsenic was the etio]oéfcragent in |

the production of carcinomas.
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It is estimated that the total intake of arsenic from food f
averages 900 ug/day (Schroeder and Balassa, 1966). At the concentration
of 50 ug/1 recommended for drinking water supp1y,'and an average intake
of 2 Titers of water'per dav. the 1ntake from water cou]d reach 100 |

ug/day or approx1mate]y 10 percent of the tota] 1ngested arsen1c. o

Although arsenic is cdncentrated'1n2aquetic‘organisms, it is

evidently not progressively concentrated a1ong a food chain. In addition.

arsenic consumed as an organ1ca11y bound spec1es 1n f]esh appears to
have Tow toxicity (Ferguson and Gavis, 1972). Surber and Meehan (1931)
found that fish-food organiems generally can withstand concentrations of
epproximately 1.73 mg/1 of arsenjouS‘triox{de (1.3 mg/1 arsenic) in

a sodium arsenite solution. 'Cbncentratiohsaof 4 mg/1 sodium.arsenite
(2.3 mg/1 as arsenic) in confined outdoor pools have been found to reduce
survival and growth of fish and to reduce bottom fauna and plankton

populations (Gilderhus, 1966).

Trivalent arsenic 1s highly toxic to invertebrates. Conversely,
pentavalent arsenic is of relatively low toxicity. 1In Lake-Er1e
water Daphnia were observed to exhibit initial symptoms of immobility
at 18 to 31 mg/1] of'sodium arsenate or 4.3 to 7.5 mg/1 as arsenic
(Anderson, 1944, 1946). The let.hal threshold of sodfum arsenate for
minnows has been_reporfed to be 234 mg/1 as arsenic at 16° C to 20° C

{Wilber, 1969).

Ambient arsenic concentrations in sea water are reported to be

accumulated by oysters and other molluscan shellfish {Sautet, et al., 1964;
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Lowman, et al., 1971). Wilber (1969) reported concentrations of

100 mg/kg in shellfish.

Beginn?gg in 1926 and for many years thereafter, sodium arsenites
was used for the control of vascular aquatic plants in the public lakes
of Wisconsin (Mackenthun, 1950). Ddsages up to 10 mg/1 of the white
arsenic equivalent were used depending on the physical character of the
area to be treated. Harm to fish life within the lakes or to fishing

was not noted.

Lueschow (1964) found that Wisconsin lakes naturally may contain

10 ug/1 of arsenic. Pewaukee Lake, Wisconsin, a ]ake-of 2300 acres,

received 215,174 pounds of arsenic for aquat1c vegetation contro1 ina -

14-year period beg1nn1ng in. 1950 From_]959.to 1964, arsenic concen-
trations in the lake's outlet reached a maximum of 463 ug/] arsen1c_and'
consistently were above 160 ug/1. The mean arsenic Eoncenthationrin
lake bottom mudé was 208 ug/g on a dry weight basis. A single sample
of Cladophora sp. coileﬁted-from.Pewaukee Lake in.1962 contained 1258
ug/g arsenic'(dry weight). Fre;ﬁ'shbbtﬁnof mature Myriophyllum sp.
stems contained 228 qnthGi‘ug/g_arSEn1c_(dry weight)..

Benthic tnverﬁebrates;_Chabbbrus.p&hctipénnis and Tendipedidae,

were present in Pewaukee Lake in populations that reached 283 per square
foot. Lueschow conc]uded that the trivalent inorganic arsenic was 10

to 15 times more toxic to Tend1pedes p]umosus than the pentavaTent form.

His studies 1nd1cate that the trivalent 1norgan1c arsenic is converted

to pentavalent arsenic within 30 days and,that ‘long~term survival of
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typical benthic organisms would be normal at concentrations as high

as 1,920 ug/g arsenic (dry weight) in Take muds.

The data cited above indicate thaf.freshwatef,fishnfood-,
organisms are adversely affected by‘éohéentrétibnsTéf;arsenic‘as'}owj'
as 1.3 mg/1, and the mobility of the freshwater c%ﬁstacean Daphnia’
is impaired by a concentration of arsenic as Tow é§~4;3.ﬁg/1;'aHowever;f- . . R
these data are not considered to be sfoicienf to- recomnend: any numefit&ir |
criterion for freshwater aquatit life. Such data as do exist ihdiéate
that the 50 ug/1 criterion established for domestic water supries shou'ld

be protective of aquatic 1ife.

Rasmussen and Henry (1965) found that arsenic at 0.5 mg/1 in.

nutrient solutions produced toxicity symptoms in seedlings of the

pineapple and orange. Below this concgntrationa‘na symptoms of

toxicity were found. Clements and Heggeness ({1939) reported that
0.5 mg/1 arsenic as arsenite in nuthient‘soTufians;prdduced ang0 :fJ:‘:f.\‘~’/
percent yield reduction in tomatoes. Following a review of available |
literature the National Academy of Sciences (NAS,lI974} suggests that
a concentration of 100'ug/1 could be used for 100 years on sandy
soils, and a concentration of 2 mg/1 used for a period of 20 years
or 0.5 mg/1 used for 100 years on clayey soils with an adequate
margin of saféty; Because of these factors, a criterion of 160 ug/t for
the i.frigation of crops is recaﬁtenﬂed; The herbicidal properties of arsenic

in water to aguatic vegetation.also are recognized.. Elthough data are not

1

sufficiently precise to recommend a criterion, such data as do exist

indicate that 100 ug/l would be protective of aguatic vegetation.
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BARIUM
CRITERION:
1 mg/1 for ddmeétic,water supply (health).
INTRODUCTICON:

Barium is a yellowish-white metal of the alkaline earth group. It occurs
in nature chiefly as barite, BaSO4; and witherite, BaCO3, both of which are
highly insoluble salts. The metal is stable in dry air, but readily oxidized -

by humid air or water.

Many of the salts of barium are soluble in both water and acid, and

soluble barium salts are reported to be poisonous {Lange, 1961; NAS, 1974).

'Houever, barium fons generally are'thbught to be rapidly precipitated or removed

from solution by adsorption and sedimentation (McKee. and Wolf, 1963; NAS, 1974). -

While barium is a ma]]eable,]duct11e'meta1, its major commercial vaiue is

in its compounds. Barium compounds are‘Qsed in a Qar1ety.of industrial ébp]i-
cations including the metallurgic, paint, giass and electronics industries,

a5 well as for medicinal purposes.
RATIONALE:

Concentrations of barium-in domestic drinking water supplies generally range
from less than 0.6 ug/l to approximately 10 ug/l with upper limits in a few midwestern

and western states ranging from 100 to 3,000 ug/1 (PHS, 1962/1963; Katz, 1970;

Little, 1971). Barium enters the body primarily through air and water,. since
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arpreciable amounts are not contained in feods (MBS, 1974),

The fatal dose of barium for man is reported to be 550 to 600 ng.
Ingestion of soluble barium cerpounds may alse result in effects on the
gastrointestinal t'cact causing vemiting and diarrhea and on the central
nervous system causing violent tomic and clenic spasms followed in same
cases by paralysis (Browning, 1961; and Patty, 1962, cited in Preliminary
Air Pollution Survey of Barium and Tts Coampounds, 1969} . Barium salts are
considered to be muscle stimlants, especially for the heart muscle (Sollmann,
1957}, By constricting.b_lood vessels, barium may cause an increase.in blood
pressure. On the other hand, it is not likely that barium accumilates in
the barle; ‘muscle, kidney, or other tissues because it is readily excreted

(Browning, 1961; McKee and Wolf, 1963).

Stokinger and Woodward (]958) developed a safe concentration for

barium in drinking water based on the 11m1t1ng values for 1ndustr1a]

_ atmospheres, an estimate of the amount absorbed into the blood stream,
and daI]y consumption of two ]iters of water. From these factors they
arrived at a Ijmiting concentration of 2 mg/1 for a healthy adult human
population, ‘to which a safety factor was applied to allow for any.possible
accumu]atiom.ih.the body.j Since barium is not removed by conventional
water treatment'prdcesses“énd:because of the toxic effect on the heart and
blood vessels, a 1imit of 1 mg/] is recommended for barium in domestic

water supp]ues. -

E::-:peri;mantal data indicate that the soluble barium concentration

in fresh and marine water generally would have to exceed 50 m§/1 before

tox.tc:.ty to aquatic life would be expected. In most natural waters, there
s suffibiént sulfate or carbonate to precipitate the barium present in

the water as a virtually insoluble, non~-toxic campound. Recoonizing that

the physical a.nd chemical properties of barium generally will preclude the

existence of the toxic soluble form under usual marine and freshwater

corditions, a restrictive criteria for aquatic life appears unwarranted,
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BERYLLIUM

CRITERIA:

11 ug/1 for the protection of aquatic 1ife
in soft fresh water; *

1,100 u§/1 for the protection of aquatic life
in hard fresh water;

100 ug/1 for continunus irrigation on all
soils: except

500 ug/1 for frrigation on neutral
to alkaline fine-textured soils.

INTRODUCTION:

Beryllium 1s not 1ike1y to occur at significantly toxic 1eve1s

in ambient natural waters (McKée and-woif, 1963). Although the chloride

and nitrate sa]ts of beryllium are very water soluble, and the su]faue

s moderately.so, the carbonate and hydroxide are almost insoluble in
cold water (Lange. 1961). Kopp and Kroner (1967) reported that for 1,577

surface water samples collected at 130 sampling po1nts in the United

'States, 85 samp]es (5 4 percent) conta1ned from 0.01 to 1.22 ug/I with

a mean of 0 19 ug/1 beryl]ium.“ The concentrat1on of bery111um 1n sea

water is 6 x 10“4 ug/1 (Go]dberg. et al. 1971)

VRATIONALE'

The major human toxic hazard potent1a1 of beryllium is via the
1nha1at1on of bery]]ium-conta1n1ng fumes and dusts that might emanatz
from process1ng and fabr1cation operat1ons. Bery111um could enter

waters in efquents from certain meta]lurg1ca] plants (NAS, 1974)

B

*See criteria for Hardness {(p. 147). The beryllium concentration that

will be protective of a given. aquatlc ecosystem can be chtained by
conducting: flow-through bloassays using ambient water and native species
of fish and invertehrates, _ _
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Contact-dermatitfs, character1zedrby itching and reddened, elevated;
or fluid~accumulated 1e51ons, wh1ch appear- part1cu1ar1y on the exposed
surfaces of the body, may occur either on an allergic basis or from
primary irritation following contact with soTuble bery11ium salts (Van

Ordstrand, et al., 1945; McCord, 1951), A latent period is occasionally

noted, indicating the develobment of delayed hypersens1t1vity (NIOSH, 1972).

'Ocular effects may occur as inflammation of the conjunctiva n
“sp]ash burn" or in assoc1at1on w1th contact dermat1t1s (Van Ordstrand,
et al., 1945). Splashes may also cause corneal burns closely resemb11ng
those produced by acids and alka11es, and f1u1d accumulation and redden1ng

around the eye: socket are frequent]y noted (NIOSH 1972)

Beryllium is demonstrably toxic by most routeé of administration
(NIOSH, 1972), but its oral toxicity is notably'different:from-that by
other rﬁﬁtes. The sulfate, for example, whi}e-highly toxic by all
other routes at a single dose level, is practically non-toxic by mouth 
at a level several thousandyfofdf§reater‘by~muTtipie.dbse:(Reeves, o

. 1965; Stokinger and Stroud, 1951).

Tarzwell and Henderson (1960} cobtained $6-hour I.E!Sd= values ranging
from 0.15 mg/l beryllium {(when‘tested as the nitrate and chloride) to
0.2 mg/1l beryllitm (when teste& as the sulfate)- for fathead minnows in soft
water (20 mg/1 Ca00,, total alkalinity of 18 mg/l, and Pl of 7.4),
and from 11 mg/l beryllium (as sulfate) to 20 mg/l beryllium (as nitrate)

foz: fathead minnows in hard wate.r {400 mg/1 cacoa total alkalm:l.ty of .

FO



360 mg/1, and pH of 8.2). For bluegill they obtained S6-hour ICSO values
of 1.3 mg/l beryllium in soft water and 12 mg/1 beryllitm in hard water

(both as the sulfate.)

Slonim (1973) obtained 96~hour 1‘.,C50 static bicassay values of

0.19 mg/1 beryllium for the cammon quppy, Hefeilia reticulata,

in soft water with a hardness of 20 to 25 mg/l as CacO., total
alkalinity of 16 to 18 my/l, and pH of 6.3 to 6.5, and 20.3 mg/1
beryllium in hard water with a hardness of 400 to 500 my/1,

alkalinity of 185 to 230 my/1, and pH of 7.8 to 8.2.

Slonim and Slonim (1973) studied the influence of water hardness
on the toxicity of berylltum'sulfate to the common guppy, Poecilia
reticulata, by simultaneously conducting static bioassays at 400, 275,
150, and 22 mg/1 hardness as €aC03. Thejéﬁahour LC50 values were
20.0, 13.7, 6.1, and 0.16 mg/f, respectisely. In a water hardness of
22 mg/1, 80 percent of the test fish survived 0.1 ng/l berylTium

for 96 hours, whereas 100 percent surv1ved contro] conditions. In a

L_water hardness of 150 mg/l 70 percent surv1ved 5'mg/1 bery111um for

96 hours and 100 percent survived 2.5 mg/] bery1]1um

Slonim and Ray (1975) studied ‘the 1nf]uence of water hardness on

- the toxicity of bery]11um su]fate to two spec1es of sa]amander larvae

by conducting static biocassays at‘hardnesscleve}s of 400 mg/1-and 20
to 25 mg/1 as CaCO3., In'hard water a11 of the test organisms survived
exposure to 10 mg/1 bery]11um throughout the exposure per1od whereas

there was a s1gn1f1cant dec]1ne in surv1va] with time in soft water.

all
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The 86-hour LC50 values were 26.3 mg/1 beryllium in hard water, and
4.7 mg/1 beryllium in soft water,

Based on the fafhead m1nnoﬁ and bluegill data of Tarzwell and
Henderson {1960), the observatibﬁs of Slonim and-Ray (1975) on salamander
larva survival, and the observations of Slonim and Slonim (1973) on
guppy survival, the criterion for the protection of aquatic biota is
established at 1.1 mg/} bery]Tfum in hard fresh water, This value |
assumes an app11cat1on factor of 0 1 of the 96 hour LC50 value‘for
fathead minnows. For soft fresh water, in v1ew of the reported approx1-
mate 100-fold increase in acute f1sh tox1c1ty over that found in hard
water, the cr1ter1on for the protect1on of aquat1c biota 1s set at 0, 011

mg/1 beryllium.

Beryllium has been reported to be concentrated 1000 times in
marine organisms (Goldberg, et al., 1971)." The average concentration
factors for marine benthic algae, phytoplankten, and zooplanktbn also
have been reported a§'110. 1000, and 15 mg}i, réspect1ve]y'(Lowman,'
gg_gl,, 1971). Riley and Roth (1971) reported levels of 1.1 to 18 mg/]
beryl1ium for various species of marine algae. The 96-hour TlLm value
for beryllium resulting from tests performed on the ki11ifish, Fundulus
heteroclitus, was 41 mg/1 (Jackim, et al., 1970). These data do not

represent an adequate base upon which to establish a marine criterion.

Beryllium has been shown to inhibit photosynthesis in terrestrial .

‘plants (Bd]]ard and Butler, 1966), and to be toxic to some varieties

N
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of citrus seedlings at 2.5 mg/1 beryllium (Haas, 1932). Romney, et al. (1962}
found that beryllium at 0.5 mg/1 Tn nutrient solutions reduced the

growth of bush beans, and Romney and Childress {1965) found that con-
centrations of 2 mg/1 or greater in nutrient solutions reduced the growth
of tomatoes, peas, soybeans, lettuce, and alfalfa plants. Additions of
soluble beryllium salts at levels equivalent to 4 percent of the cation-
adsorption capacity of two acid soils reduced the yields of ladino
clover; beryllium carbonate and beryllium oxide at the same levels did
not reduce.yie1ds, suggesting that beryl1lium in calcareous soils might

be less active than in acid soils. Williams and LeRiche (1968) found
that beryllium'at-z mg/1 in nﬁtrient solutions was toxic to mustard,
whereas 5 mg/1 was fequired for growth reduction in kale. In view of

its toxicity in nutrient solutions in acid soils, the criteria for
be.r.fllimn in irrigation waters are 0.10 mg/l for use on all soils.

except 0.50 mg/l for use on neutral to alkaline fine-textured soils.
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BORON

CRITERION:

- 750 ug/1 for long-term irrigation on sensitive crops.

INTRODUCTION:

Boron is not found in its elemental form in nature; it is usually
found as a sodium or calcium borate salt. Boronrsalts are used in fire
retardants, the production of glass, leather tanning and finishing
industries, cosmetics, phbtographic materia]s; métallurgy, and for
high energy rocket fuels. Elemental boron also can be used in nuclear

reactors for neutron absorption. Borates are-used‘as "burnable* poiscns.

RATIONALE:
Boron is an essential element for growth of plants-but there is.

no evidence that it is required by animals. The ﬁaximﬁm'conéenthatibn
found in 1,546 samples of river and lake waters from various-parts of the
United Statés was 5.0 mg/1; the mean value was 0.1 mg/1 (Kopp and Kroner,
1967). Ground waters could contain substantially higher concentrations
at certain places. The concentration in §ea water is feported as 4.5 mg/1
in the form of borate (NAS, 1974). Naturé]]y'occurring concentrations |

of boron should have no effects on aquatic life.

The minimmm lethél doﬁe for minnows exposed to boric acid at 20° C
for 6 hours Qas reported td be 18,000 to 19,000 mg/1 in distilled |
water and 19,000 to 19,500 mg/1 in hard water (Le Clerc and Devlaminck,
1955; Le Clerc, 1960).
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In the dairy cow, 16 to 20 g/day of boric'acid for 40 days
produced no 111 effects (Mckee ,a_nd. _woJf,']gsa).

Sen51t1ve crops have shown toxic effects at IODO ug/} or ]ess
of boron (Richards, 1954). Bradford (1966), 1n a rev1ew of boron 7
def1cienc1es and tox1c1t1es, stated that when the boron concentrat1on
in irrigation waters Was greater than 0. 75 mg/} -some sensitive plants
such as citrus began to show 1njury. Biggar and Fireman (1960) showed

that with neutral and alkaline soils of high absorption capacities,

water containing 2 mg/1 boron might be used for some time without injury

-to sensitive plants. The criterion of 750 ug/1 is thought to protect

sensitive crops during 1ong-term 1rrigation.
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10 ug/l for damestic water supply (health).
Aquatic Life:
Fresh Water
Scft Water* Hard Water> .
0.4 uy/l 1.2 ug/l for cladocerans and salmnnid fishes:
4.0 ug/l 12.0 ug/l .for other. less sensitive. aauati.c life.

Marine
5.0 wy/l

INTROCUCTION

Cadmium is a soft, white, easily fusible metal similar to zine and |
lead in many properties and readily soluble in mineral acids. Biologically,
cadmium is a nonessential, nonbeneficial element recognized to be of
high toxic potential. It is deposited and acoumilated in various body
tissues and is found in varying concentrations threughout all areas
where man lives. Within the past two decades industrial production
and use of the metal has increased. Cencomitantly, there have been
incidences of acute cases of clinically identifiable cadmiosis. Cadmium
may function in or may be an eticlogical factor for various human
pathological processes iﬁcluding testicular tumors, renal dysfunction,
hypertension, arteriosclerosis, growth inhibition, chrenic diseases of
2ld age, and cancer.

*Sea Crite;ia for Hardness (p. 147). fThe cadmium concentration that will
be protective of a given aguatic ecosystem can be cbtained by conducting
flow-through bicassays using ambient water and native species of fish and
invertebrates. T
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Cadmium occurs in nature chiefly as a sulfide salt, frequently in
association with zinc and lead ores. Accoumilations of cadmium in soils
in the vicinity of mines and smelters may result in high local concen-
trations in nearby waters. The salts of the metal also may occur in
wastes frem electroplating plants, pigment works, textile and chemical
industries. Seepage of cadmium from electroplating plants has resulted
in groundwater cadm:.wn concentrations of 0.01 o 3.2 mg/1 (Lieber ard
Welsch, 1954). Kopp and Kroner (1967) on one occasion reported 120 ug/1
dissolved cadmium in the Cuyahoga River at Cleveland, Ohio. However,

dissolved cadmiun was found in less than 3 percent of 1,577 water sanples

" examined for the United States, with a mean of slightly under 10 ug/l.
~ Most fresh waters contain less than 1 ug/l cadmium and most analyses of
~ sea water indicate an average concentration of about 0.15 ug/l (Fleischer,

et al., 1974).

FATICMNALE:
Cadmmnhasbeenstumtobetonctomanwhenmgestedoruﬁmled.

_Eb:posure by the former route causes symptmus resarbl:.ng food poisoning.

X group of sc:hool ch:.ldren became i1l after eating popsmles conta.uu.ng

13 to 15 ng/l cadma.mn {(Frant and Kleeman, 1941), and this level, equivalent

t013t030mgofcadrm.mnmgested,ommnly:.soons:.deredthee:etlc

threshold concentrat;on.

In a specially designed study, five groups of rats were exposed to
drinking water contamz.ng cad:m.um concentratlons of 0.1 mg/1 to
10 mg/1. Mﬁmugh no visible mc ‘effects were noted, the comtent
of cadm:.mn in the kldney and liver J.ncreased in dlrect proportion
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to the dose at all levels of exposure. At the end of ane year, tissue
concentrations were approximately double those found after six nmt.hs U N
(Ginn and Volker, 1944). Later work confirmed that virtually no absorbed
cadnium was eliminated (Decker, et al., 1958).

»

Drinking water containing excessive cadmium led to the occurrence
of itai-itai disease among the Japanese (Kobayashi, 1970). wWithin 15
years 200 cases of this disease were recorded in the Jintsu River Valley,
half of which resulted in death. The disease is characterized by

- rheuratic symptoms with intense pa.m:.n the bones caused by a loss of

bone minerals with the bones beccming as 'flewd.ble as soft tissues. Yamagata
and Shigematsu {1970) est:mated that a da:.ly intake of 600 ug cadmium muld

not produce itai~itai disease in an endemic area.

Studies in animals (Ferm, et al., 1969; Chernoff, 1973) as well as
chservations in human fetuses (Chaube, et al., 1973; and Friberg, etal., = \_/
1974) indicate that the placenta is not a camplete barrier against the
transfer of cadmium. About 6 percent of the cafmium that enters the
stomach via food or drink is absorbed into the body tissues and about
30 percent of the cadmium inhaled into the lungs by breathing and smoking
is absorbed (EPR, In Press). Presently there are no known physiological

needs for cadmium and no mechanism by which the body maintains cadmium at

a constant safe level. Once absorbed, it is stored largely in the kidneys

and liver and is excreted at an extremely slow rate.
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Chronic kidney disease {(renal tubular dysfunction) will begin to
occur in an individual when the cadmitm accumilated in ‘thié kidneys reaches
a critical concentration. While the critical concentration varies frcom
one individual lto another, the threshold of cbserved effect is about 200 pmm

of cadmitm in the renal cortex (Friberg, et al., 1974). Individuals have

" been found with several times this level without evidence of kidney disease.

At a 10 ug/l criterion, as recamended in drinking water, the maximum
daily intake of cadmium would not excesd 20 ug from water, assuning a
2-liter daily consumption. The daily intake from other sources is up to

60 ug in the population of the United States (Schroeder, et al., 1961).

Pickering and Gast {1972) conducted two separate flow-through tests
on the chronic. toxicity of cadmium to the fathead minnow, Pimephales
promelas, using water of 202 mg/l hardness, 157 mg/l alkalinity, and

7.7 p. Five cadmium cqncentrati_onsfr@n 4 to 350 ug/l were delivered

- to the exposure chambers in each test over the life history of the fish,

A concentratian of 57 ug/l cadmium decredsed survival of developing embryos.
At levels from 4.5 to 37 ug/l no adverse effect on suwrvival, growth, or

reproduction was fcmnd Eaton (1974b) exposed bluegill sun‘:.sh, Lepamis

-macroclurus, to Five cadm:.mn cmcentratmns ranging frem 31 to 2,140 ug/1

for 11 rrmths J.n 2 flow-thmugh systan us:l.ng watsr of the same hardness as
above. Nine of the 18 adult blueg:.ll sunf:l.sh exposed to 80 ug/l died
bytheendofﬂmetest, while all of those exposed to 31 ug/l and the
control survived. Although at 80 ug/l cadm:l.um the hatchab:.l:.ty of eggs
was not measurably a.ffected, the surv::.val and growth of the resulting

larvae were severely reduced after 60 days. Larvae exposed to 31 ug/l

’ cadma.u'n surv:.ved and. grew about as well as the control fish. Sixty days
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after hatching in hard water, growth and swrvival of channel catfish fry,

Ictalurus punctatus, was reduced significantly at a cadmium concentration

of 17 ug/l but not at 12 ug/l (Eaton, 1974a}. Thus, in hard water, a
criterion of 12 ug/l cadmium represents a demonstrated no-effect level
for catfish and therefore was c.hosen to protect non-salmonid freshwater
fish species. No data are available -upnm which to base an acceptable
concentration for the chronic exposure of sensitive vertebrates or
invertebrates in hard water, therefore a criterion is proposed which
is reduced from the less sensitive aguatic life value by the same
factor (0.1) as the criterion for soft water, i.e. 1.2 uy/l for salmonids
énd invertebrates. -

Spehar {1974) reported on chronic toxicity tests with cadmium using
a topminnow native to Florida tn water with a hardness of 41 to 45 mg/!
as CaC03, a1k_a11'-n1ty of_38‘ to 43 mg/1, and a pH of 7.4, There was a
significant reduction in the number of eggs produced per female .at
8.1 ug/1-cadmium, but fish in 4.1 'ﬁg/T 'yer‘e_unaffected._ A criterion of
4.0 ug/1 cadmium is selected a.s. offeri'_ng pfotection to warﬁ .watef fish

species in soft water.

'Ifnree consecut:.ve gene.rat:.ms of brook trout, Salvel:.nus fontinalis,

were exposed to cadmium concentrat:.ons rang:.r,:g frem 6. 4 ug/l to 0.5 ug/l
in a test water of similar hardness -(Beno:l.t, et al., In Press) . Second .
generation fish exposed o 6.4 and 3.4 ug/l caduium vere smller at three
mnths than fish ecposed to lmer concmtrat:.ons Both first and seccnd

. generation fish suffered exl:ms:.ve mrtal:.t:.es ‘Auring spavm:.ng in 3.4 ug/l

cadmiun. Egg hatchability, surv:l.val, growth, and reproduction of £ish
exposed to 1.7 ug/l were equal to those of control fish. '
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When embryos and larvae-juveniles of hrook trout, Salvelinus fontinalis;

brown trout, Salmo trutta; lake trout, Salvelinus namaycush: northern pike, i \_/
Esox lucius; white suckers, Catastomus ccrmerson:l., smallmouth bass,. '

Micropterus dolamieui; and coho salmon, mcbrhynchus. kisutch, were exposed

to cadmium concentrations ranging from 0.4 to 100 ug/l in soft water, all
suffered a reduction in standing crop at 12 ug/1. Standixig crop survival o
times and weights were virtually equal among -the four species when exposed e
to 4 ug/1; 1.2 ug/l was the highest cadmium concentration not causmg

a reduction among the other three salmonid Spec1es after 30 to 120 days
of exposure (Eaton, 1974a).

Tests in water with 23 mg/l hardness. 18 rrg/l alkal:.m.ty, and a pH
of 7.3 in a flow-through system indicated a 96-hour LCSO of 2.0 ug/l1 for
the initial feeding stage of ch.uwok salmon ’ Onoorhynchus tshawtscha,

and 0.92° ‘ug/l for 5-month-old steelhead trout, Salmo gairdneri. A

criterion of 0.4 ug/l for cadmium is believed to offer protection’ to the
cladocerans ard salmonids in soft water (Eaton, 1974a)

Anderson, et al., (1975) ' » detarmined the 10-day 1C50 for
the midge Tanytarsus dissimilis to be 3.4 ug/l in a flow-through system, soft

water (48 my/l) bioassay involving at least one molt. A concentration
of 3.1 ug/1 retarded growth but 1.9 ug/l elicited no obvious effect.
Biesinger and Christensen (1972) measured the toxicity of cadmium to -
Daphnia magna during an entire life cycle in test water with a hardness

of 45 mg/l, alkalinity of 42 mg/1, and a PH of 7.7. It was found that s

e —
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30 percent of the daphnids exposed to cadmium concentraticons of 5 ug/l

were killed in th.ree weeks. The production of younyg was reduced by

50 percent compared to the controls in a cadmium concentration of 0.7 ug/l.
Several invertehrate species have been found ruch less sensitive to

cadmium in acute tests than in the midge and cladoceran exposures cited above.
(Retmoldt, et al., 1973; Thorp and Lake, 1974; Warnick ard Bell,

1969) . These data sulpport. a criterion for scme invertebrates in soft

water that is identical to that for salmonids.

Steward and Pesche, as reported by Eisler (1974), stated that for -
grass shrimp, Palasmonetes pugio, which were subjected to cadmivm chioride

in flowing sea water, 69 percent died in 43 days in 500 ug/1l cadmium and
10 percent died in a 250 ug/1l cadmium solution, Hermit crabs, Pagurus
longicarpus, all died in a 250 ug/1 cadmium solution, and 30 percent
died in 43 days 1n a 120 ug/1 solution. fn 63 days, 40 percent died

in a 60 ug/1 cadmium solution, A1l of the controls survived.

Eisler (1971) found that the 96-hour LC50 for three species of
marine decapod crustaceans ranged betwesn 320 and 420 ug/l at 20° C ard
20 mg/1 alkalinity. The 96-hour IC25 was 180 ug/l for the hermit
crab, Pagurus lengicarpus, and the grass shrimp, Palaemcnetes wulgaris,

and 80 ug/l for the sand shrimp, Crangocn septemspinosa.

Zarcogian, as reported by Eisler (1974f), states that adult oysters,

Crassostred virginica, exposed to 10 ug/l cadmium between April

1973 and August 1973 accumulated 18,000 ug/kg of cadmium in wet whole
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meat, which exceeds the human emetic threshold of 13,060. to 15,000 ug/kg.
Oysters retained virtually all of the accumilated cadmim for at least
several months and scme histopathology was evident. Under natural
conditions, significantly greater mmbers of larvae from ca&rimn—stressed
oysters failed to develop when campared to controls after 48 or 72 hours.
A criterion of one-half of the level at which oysters accumalate cadimium
in excess of the human emetic threshold (i.e. 5 ug/l) is believed to
provide protection for consumers of oysters.

- Data by Page, et al. (In Press), show that the y:ield.of beans, beets,
and turnips was reduced about 25 percent by 0.10 mg/1 cadmium in nutrient

solutions; whereas cabbage and barley y:Lelds decreased 20 to 50 percent
at 1.0 mg/1.

Yamagata and Shigematsu (1970) have demonstrated that foods cultured.
o cadmiwmrpolluted soils irrigated with cadmium-polluted water can

foods. Chaney (1973) Suggests that it is not the cadmium cmce.ntration
ESr s2 in the soil that determines cadmimnaccumﬂationbyplantsand
that as long as the ratio of zinc to cadmium is 100 or greater, foods
will not accumulate hazardous concentrations of cadmium. The subject is

=]
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Fish and certain invertebrates have been found to ke sensitive to
low levels of cadmium in water. Salmonids and cladccerans appear to
be the most sensitive among organisms tested. Increased hardness and/or
alkalinity have been demonstrated to decrease the toxicity of cadmium
in acute freshwater mortality tests, but may have less of an effect at
low cadmium levels. Edible marine organisms can concentrate cadmium
levels and became hazardous to be ultimate consumer. Lowman, ¢f £, (1370
reported a concentration factor of 1,000 for cadmiwn in fish muscls. he
criteria necessary to protect fish and other agquatic life are more stxingent
than those necessary to protect a public water supply or other uses. Laia

support a division of criteria for "hard” and "soft” water envirorments.

The data used to develop a criteria for cadmium were cbtained cver
a range of hardness, alkalinity and pH values. Their usefullness in
developing criteria will be limited to the range of physical parameters
for which exper:.mental data are availahle, Interpolation of the present
data will be required to derive criter is for aguatic ecosystems which

do not approximate the experimental cbnditions.
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CHLORINE

CRITERTA:
Total residual chlorine:
2.0 Mg/1 for salmonid fish;
10.0 pg/1 for other freshwater and marine organisms
INTRODUCTION:

Elemental chlorine is a greenish-yellow gas that is highly
soluble in water. It reacts readily with many inorganic substances
and all animal and plant tissues. The denaturing effect of chlorine
on animal and plant tissues forms the basis for its use as an effec-
tive water or wastewater disinfectant. When chlorine dissolves in

water, it hydrolyzes according to the reaction: C1, + HZO - HOC1 +

2
H+ +C1°. Unless the concentration of the chlorine solution is above
1000 mg/1, all chlorine will be in the form of HOC1 or its dissociated
ions H+ and OCL . The HOC1 is a weak acid and is dissociated according

to the equation, HOC1 = HY + oc17.

The ratio between HOCT and OC1  is a function of the pH, with
96 percent HOC1 remaining at pH 6, 75 percent at pH 7, 22 percent at
pH 8, and 3 percent at pH 9. The relationship of HOC1 to pH is
significant as the undissociated form appears to be the bactericidal

agent in the use of chlorine for disinfection (Moore, 1951).

Chlorine is not a natural constituent of water. Free available

chlorine (HOC1 and 0C1 ) and combined available chlorine (mono- and
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di-chloramines) appear transiently in surface or ground‘Waters as a
result of disinfection of domestic sewage or from industrial processes
that use ch10r1ne for bleach1ng operat1ons or to control organ1sms that

grow in cooling water systems

RATIONALE:

Chlorine, in the free avaiTab1e form neacts'readi]y with_, i

n1trogenous organic mater1a]s to form ch]oram1nes These compounds

_-are toxic to fish. Ch]oram1nes have been shown to be s]ight]y less

toxic to fish .than free.ch]or1nes~but,thenr-tox1c1ty-1s~considered |

‘to be close enough to free.ch]orine?thatﬁdifferentiation,is not

warranted (Merkens, 1958).775in6e-;he addition of ch10rine'or‘hypo;hlorites;_

to water containing nitrogenous materials rapidly forms chloramines,

~ toxicity in most waters is related to the chloramine concentration. The

toxicity to aguatic 1ife of chlorine will depend upon the concentration

of tota1 residua] chlorine, wh1ch is the amount of free o |

ch10r1ne p1us chloram1nes The persistence of ch]oramines is dependent Jﬂ\_//
on the availability of material w1th a 1ower ox1dat1on-reduct1on

potential.

In field studfes in Maryland and Virginia, Tsei (1973) observed
that downstream from p]ants discharging chlorinated sewage effluents,
the total numbers of fish species were drastically reduced with the
stream bottom clear of aquatic organisms characteristically present
in unchlorinated wastewater discharges. No fish were found in water

with a chlorine residual above 0.37 mg/1 and the species diversity - i ?

Lo —
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index reached zero at 0.25 mg/1. A 50 percent redustion in the

species diversity index occurred at C.10 ma/l. O the 45 5 anias

of fish ohserved in the study'arﬁas, the biroog Trous o wrors o

were the most sensitive and were not found at rasidual ~hMopineg levels
above about 0.02 mg/1. In studies of caged fish plazed in waisrs

dowas Lream From chiorinated wastewater dischirges, ™t #1207 ta verart-
MENL S0 Nawdoul Resouirces ViB71) reperted taay su percers ol U B cpinboe
trout died within 96 hours at residual chlorine concentrations of 0,014
to 0.029 mg/T. Some fish died as far as 0.8 miles (1.3 kmj dovinstresn

from the outfa11.

Stud1es descr1bed by Brungs (]973) indicate that saTmhn1dq arn

" the most sens1t1ve f1sh to ch]orine A residual chlorine concentration'

of 0.006 mg/] was ]etha] to trout fry 1n two days (Coventry, et al., 1935).

The 7-day LC50 for rainbow trout was 0. 08 mg/1 with an estimated median

period of survival of one year at 0.004 mg/1 (Merkens, 1958). Rainbow

“trout were shown to avoid a concentration of 0.001 mg/1 (Sprague and
Drury, 1969) Dandy (1972) demonstrated that brook trout had a mean

.SUPV1Vd] t1me of 9 hours at 0-35 mg/1; 18 hours at 0.0% ma/1 and 98

hours ut 0.04 mg/1, with mortality of 67 percent after 4 days at 0.07
mg/1. Pike (1971) observed a 50 percent brown trout mort: at -

0.02 mg/1 within 10.5 hours and 0.01 mg/] with 23.5 hours.

Tnd Y“emge of acutely .,Lhal residual chlorine cuncortrat-ons is

narrew fav various species of wavin water fish. Arthur f187.) determined



'concentrations as low as 0.07 mg/1 caused some mortalities. Pyle (1960)

96-hour LCgy values for the walleye, black buiihead, white sucker,
yeilow-perch,'iargemouth bass, and the fathéad minnow. The observed

concentration range was 0.09 to 0.30 mg/1.

Using fathead minnows in a continuous bioassay technique at

‘ Michigan treatment plants, Zii]ich (1972) found that an average concen-

tration of 0.16 to 0.21 mg/1 killed all of the test fish and that

'Tdemonstrated a 50 percent mortaiity of smailmouth bass exposed to 0.5

mg/1 within 15‘hours. The mean 96 hour LCSO vaiue for golden: shiners

was 0.19 mg/1 (Esvelt, et al., 1971). Arthur and Eaton (1971), working

with fathead minnows and the freshWater crustacean, Gammarus,pseudolimnaeus;,.
in dilute wastewater, found that'tne'Qs-hourchso of total residual

chlorine for Gammarus was 0.22 mQ/]Hand that all fathead minnows were

‘dead after 72 hours at-0.15 mg/] At concentrations of .09 mg/i.'aii

fish surVived until the seventh day when -the first death occurred In . _
exposure to 0.05 mg/] residual chlorine, these investigators found AN
reduced survival of Gammarus and at 0.0034 mg/] there was reduced

reproduction. Growth and surv1va1 of fathead minnows after 21 weeks

 were not affected by continuous exposure to 0.043 mg/l.residua] ch]orine..-

The highest ievei showing no significant effect was 0. 016 mg/] Norking

with secondary wastewater effluent, Arthur {1972) found that repro-

‘duction by Gammarus was reduced by residual concentrations above 0.012

mg/1 residual chlorine.

In marine water, 0.05 mg/} was the critical chlorine level for s

young Pacific salmon exposed for 23 days (Holiand, et al., 1960). The

5
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lethal threshold for chinook salmon and coho salmon for a 72-how
exposure was noted by these investigaiors o be Teze whas 0 01 @y
chlorine.  Studies cn the affnct oF yrasidual ehloniia s masine
phytoplankton indicate that continuous axposurs tu 2.10 sl eadipepd
primary production by 70 percent while 0.2 mg/1 fer 1.5 heurs veduced
primary production ny 25 percent (Cavpenter, gt wl., 1472). Lausratory
studizs on ten species of marine phyteplankion indicene woi 4 U
percent reduction ‘in growth rate occurred at chlorine concentrations of
0.075 to 0.250 mg/1 during a 24-hour exposure period (Gzntile, el al.,

1973), Oysters are sensitive to chlorine concentrations of 0.01 gt

. 0.05 mg/1 aﬁd”react by-redUcThg pumping activity. At chlorine concen-

~ trations of 1.0 mg/1, effectiye pumping could not be maintained (Galtscff,

1946).

CH]orine réSTdﬁais.ef Td.ug/l have-been shown to kill adult
salmonid fish in a period of several days in fresh water and the fry
of these spec1es have been k111ed in ch10r1ne res1dua15 of 6 ug/1.
The cr1ter1on of’2 ug/] ch]or1ne shou]d afford protection tu this group
of fish when exposed on a continuing.basis. _Cons1derzng tha data
presenfed-above, a critéribﬁ-of_io ug/1~shou]d afford protection to
other freshwater flsh and marine aquatlc life (Brungs, Tn Press), Srungs

(1973) reported that aquatlc organlsms may tolerate short-tzm exposure

to higher levels of ?‘esuit.,al chlorlne than the concent stim, .ol have

adverse chronic effects "Basch and Tir:uchan (In Prass; have slvwm thar

w343 g

repeated da_lly exposure at thesn levels will heve towic effecin on aguatic

K&
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CHROMIUM
CRITERIA:
50 ua/1 for domestic water supply (healh);
10C ug/1 for freshwater aguatic Tife
INTRODUCTION:

Chromium is the seventeenth most abundant nengaseous element i the

earth's crust (Schroeder, 1970);: its concentration range in the continental

‘crust is 80 to 200 mg/kg, with an average of 125 mg/kg (9AS, 1974a).

Although chromium has oxidation states ranging from Cr~2 tp Cr+55 the
trivalent form most commonly is found in nature. Chromium is found

rarely in nafura]'Waters, ranking twenty-seventh or Jower amony the

. elements in seawater and generally is well below 1 ug/1.. Kopp (1569)

reported that for 1,577 surface water samples collected at 130 sampling
points in the United States, 386 samples contained from 1 to 112 ug/1s
the mean was 9.7 ug/l chromivm. Durum, et al.,{1971) in a similar survey

of 700 samp]es, found that none conta1ned over 50 ug/1 of hexavalent

_.Chromium and 11 conta1ned over 5 ug/] Chrom1um s found in air, soil,

some foods, and most biological systems; it is recognxzed as an essentiaj

trace element for humans (NAS, 1974a)

RATIONALE:

The earliest consequences of mild chromium deficiency in experimental
animals is a reduced sensitivity of peripheral tissues to insulin; more

severe deficiency in rats and m1ce resulta in. fast1ng hyperg]ycem1q

(o4
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glycosuria, and mi]d'growth retardation that is probably due, at least
in part, to reduced insulin activation. G1ucose intolerance is a common

human problem, and one of 1ts many poss1b1e causes 1s chromium def1c1ency
(NAS, 1974a).

The biological activi;y of chromium, i;e.; its effedt as an essentic
metal, is restricted to its trivalent state, Cr3*,‘ The tr3¥ ion forms
complexes that are stable at or be1ow'pH 4; but Which readily hydroiyze'
at “h1gh" pH values; resulting in the formation of polynucleate br1dge
complexes. At the normal pH of blood, Cr- exists in large, 1nso]ub1e
macro-molecules which precipitate and become biologically inert; Cr3*
must therefore be Supp]ied as a Eomplex of suitable stability in order.

to be utilized.

_ Because pf the present 1nadequacy_of khow1edge about the forms and
biological a#ai]abil%ty of‘chromium in foods, it is not possible to
quantify human dietary requ1rements. It is known that adult urinary
loss is 5 to 10 ug/day, and s1nce this constitutes the major portion of

the daily loss, at least this much must be replaced to maintain balance.

Based on rat studies indicating that absorption of vafious cr3* compounds

can range from below 1 percent to 25 percent of a given dose,. and assuming

that the human case is similar, a dietary intake of 20 to 500 ug/day
would balance urinary losses. It is estimated that daily chromium
intakes in the U.S. are marginal and vary'from'S to 100 ug (WHO, 1973);
it seems unlikely that any l:r'3.+ ingested via public drinking water would

be appreciably assimilated.
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No harmful effects were observed when food or water containing
moderate amounts of Crot was administered g laboratory aninals, e.g9.,
cats that were fed chrohic phosphate cr oxydicarbenats at 50 to 0600
mg/day for 80 days, or rats drinking water containing 25 mo/% for a year

or 5 mg/1 throughout their Tives {MNAS, 1974a).

Hexavalent chromium, on the cther hand, i3 ivritating and corrosive
to the mucous membranes; it is absorbad via ingastion, through the skin,
and by inhalation, and is toxic when intfoducéd into laboratory anfma1s
systemically (NAS, 1974a). Know]edge of the harmful human healith
-effects -of hexavalent chromium has been obtained almost entirely from

occupational health effects.  lung cancer, ulcaration and perforation of

" the nasal septum, and a Variety'of other respiratory compiications and ~

skin effects have been observed.

Symptoms of exéessive dietary intake of chromium in man are unknown,
and chromium deficfency is of greater nutritional concern than over-
axposure., Chromium is the only e]ement whose tfssue'concentvation
appears to dec11ne w1th 1ncreas1ng age in. the u.s. populat1on, lung
concentrat1ons do not dec11ne w1th age, suggest1ng that lung chromivm is

not in equilibrium with that in the rest of the body (NAS, 1974a).

Berg and Burbank (1972) combaréd concentrations of eight carcino-
genic trace metals in water supplies (after Kopn and Kroner,_1967} with
State cancer mortalities for major U.S. water basins, and no significant

correlations were -found for chrom1um. It should be emphasized that

" 'these data are. not COhClUSlVe.

g
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The U.S. Public Health Service Df1nking Water Standardh(USPHS, _
1962) states that the presence of hexavalent chromium in excess of 0.05 3 N/

mg/1 shall constitute grounds for:rejection of the supply, and no harmful

human health affects have been reported at this level. The NAS/NAE
Committee on Water Quality Critefia recommended (NAS, 1974) that public
water supply sources for drinking water contain no more than 0.05 mg/1
total chromium, largeiy on the basis that lifetime tolerable Ievg1slof | ae
chromate ion are not known for man. There are insufficient data on the |
effect of the defined treatmént processron chromate chromium;removal.

Chromium as Cr3* is not 1ikely to be present in waters of pH 5 and above

‘because the hydrated oxide is very sparingly soluble.

""" A family of four individuals is known to have drunk water for
a period of 3 years at a chromium level of 0.45 m§/1 without kndwh
effects on their health as determined by a single medical examination
(Davids and Lieber, 1951). A study was designed by MacKenzie, et al.
(1958) to determine the toxicity of hexavalent and trivalent éhromium : ' "\\_f/

. ions to rats at various drinking water levels, After onie year at levels

of 0.45 to 25 mg/1, this study showed no evidence of toxic respénse
in body weight, food consumption, blood changes, or mortality.. However,

significant accumulation of chromium occurred in the tissues at con-

,centrafions greater than 5 mg/1. Recent studies (Naumova, 1965)

demonstrated that 0.1 mg of K26r207/kg enhances the secretory and motor

activity of the dog intestine.

LH
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From these and other studies (Gross and Heller, 1946; Brard, 1935;
Lomn, et al., 1932; Schroeder, et al., 1963; Schroeder, et e1., 195%a),
it appears that a concentraticn of 50 vg/T of chromium in uomestic water
supply incorporates a rea50n5b1e safety factor to zvoid any hazard to

human health.

In addition, the possibility of Jﬂfmds eifaces Troam barpivg 10
water containing 50 ug/1 chromium would }ikewisa appear remota, aithough
chromium is recognized as a potent skin sensitizer. Domestic water

supplies shouid, therefore, contain no more than 50 ug/1 totai chremium,

Fish appear to be relatively tolerant of chromium, but some aquatic

B invertebratés §fe:qu1te sensitive. Toxicity varies with species, chrom1um
- oxidatidh-sta%e,fand pH Pickering and Henderson (1965! conducted
,_.static b1oassays W1th fOur warm water f1sh species; fathead minnows,

. P1mepha1es prumelas, b1ueg111 Lepomis macrochirus; goldfish, Carassius,

auratus; and guppies, Poecilia reticulata. They obtained soft water

(hardness - 20 mg/1; alkalinity - 18 mg/1; pH - 7.5) 96-hour Le, values

. for hexavalent chromium ranging from 17,6 mg/1 for fathead minnows to

118 mg/1 For bluegills hard water (hardness - 360 mg/1; alkalinity -

300 mg/1; pH - 8.2) 95-hour.LCSU.va1ues_fpﬁ hexavalent chromium ranging
from 27.3 mg/1 for fathead,minnows to 133 mg/1 for bluegill. Their Sé-hour
LC50 trivalent chromium Va]hes'(chromium'potéésium sulfate) ranged from
3.33 mg/1 for guppies to 7.46 mg/1 for bluegill in soft water. Tha

LC50 for fathgad minnows exposed to potassium chromate in soft water

was 45.6 mg/T1.

3



[

TR

Pickering (MBS, 1974) found S6~hour D:SD and safe hexavalent
chramiun concentrations of 33 my/l and 1.0 mg/1, res;;iectively, for fathead
minnows in hard water. Pickering's Cr3+ data for fathead minnows in

hard water showed a 96-hour I.CSO of 27 mg/l and a safe concentration of . T
1.0 mz/l. Benoit (In Presk) cbtained soft water (45 mg/l hardness) 96- - i
hour I'CSO and safe hexavalent chromium values of 59 mg/l and 0.2 mg/l,

respectively for brook trout, Salvelinus fontinalis , and 69 and 0.2 :Ing/l,

e

respectively: for rainbow trout, Salmo gairdneri.

Olson (1958) found the growth and survival of chinook saimon,

Oncormmchus kisutch, alevins and juveniles to be significantly reduced

at hexavalent chromium concentrations 'of 0.2 my/l. He saw no detr:.mental

- effects on salmon alevins at trivalent chromium concentrations of 0.2 /1.

Beisinger and Christensen (1972) reported a 16 percent reproductive

inpaiment in Dephniz magna in soft water (45 mg/l as Ca003) at a

- concentration of 0.33 mg/l of ti:ivale.ntchrmdmn._

The data available indicate hexavalent chramium to be somewhat more R
toxic than trivalent chrarium in the case of chinook salmon, 'a.nd since
significant effects were seen on fish at 0.2 my/l of hexavalent chramium

a recomended criterion of 0.10 mg/l should provide adequate protectlon ‘

.for both fresitvater invertebrates and fish.

man, et al. (197]1) reported marine chramium concentration factors
of 1,600 in bhenthic algae, 2,300 in phytoplankf:on; 1,900 in zooplankton,

440 in molluscan soft parts, and 70 in fish muscle.

=



Raymont and Shields (1964} reported chromium threshold toxicity

levels of 5 mg/1 for small prawns, Leandar squilla, 20 mg/1 {(a= NaECrDQ)

for the shore crab, Carcinas maenus, and 1 mg/1 for the poliychaete.

Nereis virens. Doudoroff and Katz (1953) found that mumaichogs.

Fundulus heteroclitus, tolerated 200 ng/1 KpCro0z in seawater for ove

a week.

Holland, et al. (1960) reported that 31.8 mg/1 chromium (as KsCrdy)

in sea water was 100 percent fatal to coho salmon, Oncorhynchus kisutah,

and Gooding {1954} reported that 17.8 mg/1 hexavalent chromium in sea-

water was toxic to-the same species.

Clendenning and North {1960) showed that 5.0 mg/1 hexavalent chromium

_'reduced photQSynfhesis by 50 percent in the giant kalp, Macrocystis

pyrifera, ddrﬁhg*4~daysiof exposure,

Based on the foregoing discussion of the marine toxicity of chromium,
its accumulation at all trophic levels, and the sensitivity of lower

aquatic forms to chromium, the freshwater criterion should protect

~marine populations. .

e
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Nk FECAL COLIFNRM BACTERIA

Bathing Waters

Based cn a minimm of not less then #five samples tsken over
a 30-day period, the fecal coliform bacterial level should not exceed
a log mean of 200 per 100 ml, nor should more than 10 percent of the

total samples taken during any 30 day pericd exceed 400 per 100 ml,

Shellfish Harvesting Waters

Not to exceed a median fecal coliform bacterial concentration
of 14 MPN per 100 ml with not more than 10 percent of

samples exceeding 43 MPN per 100 ml for the taking of
shellfish. |

INTRODUCTION:

_ It was recognized even before the micrnbia] etiology of
disease was known, that water can serve as a medium for the
transfgr-of'disease. iThe,cause-effect're1at1onsh1p of disease
transmissiqn aﬁd spééiffcffeca11y-as§oc1ated microbes was
.- initia11y defined by”Voﬁ Fr{tsch in iééo; when.he'1dentified

Klebsiella spp. in human feces. Further confirmation of the

M
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relatifonship between fecally-associated microbes and potential

disease was developed by Escherich when he described Bacillus coli
(Escherichia coli) as an indicator of pollution (Wolf, 19723

Guarraia, 1972). Since these early bbservations._the role of
biological indicator organisms 1in defining:water-q&ality‘has

become essentfal and addresses three categories generally: to

identify environmental changes; to qUantify‘pollution 1e9e1s; or
‘to be used in laboratories to study under controlled conditions

phenomena which could be extrapolated to the environment (Butler,

et al., 1972).

Microbiological indicators have been used to determine or

fndicate the safety of water for drinking, swimming and shellfish-

harvesting. As our know]edge concerning microbiglogy has

increased, so has our understanding of the complex
1nterre1at10nsh1p of ihe various organisms with disease. .Virusgs

causing a number of diseases and non-fecally associated bacteria h

causing infections of the ear, eye, nose and throat a1l have been |

fsolated from water (Bonde, 1974; Scarpino, 1974). The
relationship between numbers of specific diseasé causfng

organisms in water and the potential for transmissfon of disease
remains elusive since the number of organisms’‘required to cause
disease varies depending upon the organism, the host, and

the manner in which the bacteria and host interact. For example,
in some instances a single cell of Salmonella, or a single plaque~

forming unit (PFU) may be all that is necessary to cause a



«r Swinming
or dxlmung) the type of water, (marine or fresh), and the geagraphical

location ary al] factors to be weighed in determining safe micro~
biological criteris.

Ideally, a m1crob1olog1ca1 fndicatoyr erganfsm should Fulfiny
ail of the following criter{a: (1) It shouId be applicadvle to all
types of water, «(2) 4t should be present whenever pathogens are
présent with a survival time equal to that of the hardiest
enteric pathoqen, and (3) the indicator should not reproduce in
contaminated waters thus resulting in 1nf1ated vaiues (Scarpino.

1974)1 Unfortunate1y, no .such 1nd1cator organisms are knowng

._....:1

Use has been made of coliform or fecal coliform. bacter:.a as indicatos

Bactef1a of the coifform group are consfdered the primary
1nd1cators of fecal contamfnation and are one:-of the most
frequently app]ied 1nd1cators of water qua?ity._ The co!fform_
group ts made up of a number of. bacteria 1nc1udfng the genera

K1ebsfe11a. Escherichia, SerratTa. hrw1n1a and Enterobactnria

Total coliform bacteria are al1 qram negative asporogenous rcds

and have been assoc1ated with feces cf 1ﬁumbluxhd animals,

3
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and with soil. The fecal coliform bacteria, which comprise

a portion of the total coliform group, are able to grow

at 44.5° € and ferment lactose producing acid and gas. Use

of fecal coliform bacter1a has proven to be of more sanitary
significance than the use of total coliform bacteria because
they are restricted to the intestinal tract of warm-blooded

animals and are now used to define water quality for swimming.

Arguments have been advanced for the use of Escherichia coli
as the indicator of choice for fresh fecal po]]ution‘(Bonde,
1966). However, the methods for its ideﬁtification require
time, complex biochemical reactions, and experienced micro-
biologists, and the information gained by the additional work-

and expense involved in its 1dent1f1cat1on may not prov1de

.suff1c1ent additional 1nformat1on above the e1evated temperature |

test (for fecal coliform bacteria) to warrant its use.

Enterococci were recognized as early as 1890 as being indicators
of recent fecal pollution from warm-blooded animals (Geldreich and
Kenner, 1969). The enterococci possess many characteristics which make

them an ideal indicator system since they do not mu]tiply'in
the aquatic environment and are‘sero]og1ca]1y characteristic.
However, there are numerous biotypes, and no good standard-

ized method is avajlable for biochemical testing. Such
methodology is essential since identification is based prihari]y

upon biochemical characterization.
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Additional microhial systems have also been proposed as

potential indicators of fecal pollution. Clostridium

perfringens, an anaerohbic spore former, has been associatead

frequently with sewage pollution. However, in a suspension of

fecal material the ratio of Cl. perfringens to E. coli may differ

from that in the effluent from a sewage treatment plani, in

seawater or in sludge. Also the spores of (1. periringens are

resistant and will vegetate upon culturing, hence it would he

difficult to associate their presence with recent poliution.

Presence of microorganisms other than fecal coliform bDacteria may
alsc be indicative of water quality; however, thes strict
correlation between a nollutant problem other than fecal
pollution and the numbers of the indicator organism is not always
clear, The pseudomonads thét are comprised of numerous free
1iving saprophytes found in both fresh and marine waters have
only one of its members as a known pathogeq,Pseudomunas
aeruginogsa, which may be An fndicator of pollution from the
presence of warm-blooded animals (Ringem and Drake, 1952; Taylor,
1968; Reitler and Se11§aman. 1957), . While the number of P.
aeruginesa fn sewage usually {s quite 1ow_§nd occurs oo
sporadically to be of value as an indicator organism for fecal
po11ﬁt10n (Bonde.'19?4), tﬁis organism may be an indfcator of

human pollution other than fecal,

B
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Bacterial pathogens, which occur in bathing waters:

and may cause disease even when not ingested are Klebsfella ; \\,J,:;

pneumonixe and Pseudomonas aeruginosa.

RATIOKALE:

Bathing Waters

Pollution of aquatic systems by the excreta of warmblooded
anfmals creates public health problems for man and animals and
potential dfsease problems for-aquaiic 1ife. It 1s known that

enteric microbfal pathoqens may inhabit the gutlof most
warmblooded animals and are dxxlln feces. The presence of

'bacter1a1. viral, protozoan, and possib1y funan species which

~are either pathogens for or possess the potentia] to infect man N

and other organisms fs indicated hy the presence of.the fecal
coliform group of bacterta. Thus, the number of fecal colfforms
present'1s_ind1oative of_the”degrée of health risk assooiafedg
with using the water for drinking, swimming, or shellfish

harvesting.

_ Arguments against the use of fecal coltform bacterfa to
define swimming quality in waters have noted the paucity of
epidemiological evidence 11nk1ng fecal coliform levels inm bathing

waters and the incidence of disease (Moore, 1959; 1971).



A problem of potential medical significance s the transfar
of characteristics which will alter the resistance 0f pathogenic
bacteria, ji.e. the R-factor (RTF-u resistance transfer factor),
to certain antibjotics, heavy metals and ultraviolet light. The
sfgnificance of this, while not fully known, suggests that human
pathogens in water mayv become resistant to common antibiotic
therapy once the bacteria infect man or animals. One example of
this problem has been already reported. Recently an outbreak of

typhoid fever was found to be .caused by Salmonella typhi

containing the chloramphenical and amphicillin resistant factor
(Datta and Olearte, 1974; Olearte and Galindo, 1973},

Discase tmxmmussum1v1aije amxwlc.nxwe Jncluiu@;druﬂung

' water, recreatlonal water, and ‘seafood frtntpolluted water, has been

and continues to be a problem. Presently, the indicator systems

considered to be the most _prac_tical are the coliform and the fecal

coliform groups. | Additicnal microbiolegical problems, which can be
 ant1c1pated'by'the,phgsenée.of_#pecifiﬁ bacteria:or,virusﬁs;'

are l'ecoglm1zéd. Corfe]dtion between human poT1ution sources

- and the numbers and STgn1f1cance of the m1crob1a1 system in .question remain elusive.
Neverthe]ess, as the relationships become c1ear additional criteria for water
quality will evolve. Berg (1974) has- shown: that Polio Virus "I at a concentration

of 2 plaque forming units (PFU), a standard means for measuring virus concentrations

in t1ssue culture will cause disease in 6’ percent of the unlnnoculated pcpulatwcn'

%5
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Howevef. the Tack of epidemiolngical correlation between feca)
coliform levels in coastal swimming waters and the incidence of
disease may not have validity in fresh waters and 1t does not

take into account non-reported diseases ‘which may

develop as an unrecogn1zed result of sw1mm1ng in no1luted waters, .

Epfdemiological evidence 1s but one consideration in setting -/?
microbiological criteria. The presence of fecal coliform
bacteria indicates degradation of water quality and a relative

risk of disease transmission.

In studies conducted in Lake Michigan at Chicago, I11inois |
(Smith, et al., 1951), in-an inland river {Smith and'HOOISéy,

'1952) and in tidal waters at Long Island, New York (Smith and

Woolsey, 1961}, a statistically significant increase in the
1nc1dencerof:i11ness was observed among swimmers who uSed_the
Lake Michigan beaches on selected days and the Ohio River beach
of poorest water quality. The mean total coliform bacteria
content of fresh waters was 2, 360 per 100 ml and 2,700 per 100 m1.
respectively. HNo relationship be;ween the totaI coliform levels
and swimming-related diseases was found -at the pcean beach,

These studies demonstrated that an appreciably higher overall

- §11ness incidence may be expected amang swimners when conpared to

non-swimmers, but the data are inconclusive. The data provide a

positive torrelation bétween total coliform numbers and the
increased risk of disease assocfated with swimming in these

waters. The diseases found were infections of the eye, ear,

__\b/



nose, and throat, &s well ac fntestinal ailments {Stevenson,

1953),

Outbreaks of typhaid fever (Salmonelia Lynhi) have haen

associated with swimmers {n "heavily" pofiuted beaches in western
Australia (Kovacs, 1953; Snow, 1959). 1In this case, a sewer
outfall pipe was located one mile from the hathing beach where
the typhoid outbreaks occurred and the sewer was overloadsd
because of rapid population grewth. Use of a 1oq mean of 200
fecal coliform bacteria per 100 m1, with the provicion that 10
percehﬁ of the total samb]és during a th1rty-day.perf0d not .
exceed 400 fecal coiiforms per 100 ml, allows for varfations 1n
'envirenmenta1 cond1t10ns such as shifts in wind direct*on,'
current flow. and tida] fluctuations. At levels above the 200
fecal co]iforms per 100 m! the risk of exbosure to pathogenic
microbes increéases. Correlation between.the fecal col{form level
and microbial pathogen 1eve1s 1s the 1mportant relationship,
‘is1nce the fecal coliforms themse1ves serve as an fndicator of the
quality of water-1n~re1ation'tq'fece11y-a559ciated micrebial
pathogens. Direct dehonstretion of the ﬁicrob1a]_pathogens 13

not always feasible.

Detection‘of Salmonella has shown that 1n fecally palluted
marine waters the 1eVe1 ‘may vary between 1 and 1,000 per titer
(McCoy, 1964) Occurrences of v1ruses 1n ocean waters at lavels

of 60 p]aque4form1ng~un1ts (PFU) per liter have been found

kY,
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(Shuval, et al., 1971). It is estimated that these values may
represent only 10 to 50 percent of the total viral pathogens
present because of the 11m1ted recovery eff1c1encv of the
methods used. Also, other viruses assoc1ated with feces may be

present but may not grow in the tissue cu1ture systems used.

Another 1hportant conSfderot1on fn determ1n1n§ the-eafe
hicrobio1ogica1 criterfon iS”the minimum dosage necessary to
infect a bather, As few as 3 to 5 organfsms of 5. typhosa have_
been reported to cause 1nfect10n, whereas, 1 x 105to 1x 107 cells
for other Salmonella serotypes ‘may .be required to produce

disease., Similarly, massive concentrat1ons of cells of

_enteropethogenic E. coli have been reported necessary to produce

-1nfections in adu1t vo1unteers.- 1teration of gastr1c funct1on

efther by ra1sing the pH 4in the stomach or by fac111tat1ng

gastric emptying can reduce th1s dosage severa1 orders of;mnnutu&&

_Rxentdauafnunemxmumxmsnuﬂaa&ﬂtwmhnmaax uﬂm&ﬂE'ﬂmm'&n

infectious dose for Shigella flexneri 2a 1s less than 200 ce11§r

(Geldreich, 1974)., Although enteric viruses are found in
relatively small numbers {n po1iuted waters, their occurrence
could be hazardous since the minfmum {infective dbee for humans
has not been firmly established, For children, the minimum
infective dose may be 1 or 2 PFU {(Plotkin and Katz, 1967), while

for adults the minimum infective dose may be the same or higher,

-y <
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However, less is known concerning the minimal infective dose for

pathogenic bacteria that cause ear, eye, nose, and threat ailments
{Geldreich, 1974).

Use of fecal c011fofm bacteria as a singlae parameter for
monitoring recreational water quality must ultimately refate to
“the probable occurrence of waterborne pathogens. Currently, the
only relationship which has been developed betwesn the fecal
: coliform 1ﬁ'd1c‘ator and waterborne pathogens is that of
Salmonella to fecal coliform density Data which héve been
developed indifcate a sharp increase in the frequency of
Salmonella detection when fecal coliform densities are above 200
organisms per 100 ml of freshwater. ‘'hen there are over 200
fecal coliforms per 100 ml, Salmonella fsolation should approach
100 percent frequency. Data from estuarine waters were grouped
to include the level of i]ﬁo 70 fecal coliforms that is of
1nterest”;b;1nvest1gatdr5 ofﬁshéITfish-water§{; For this range, |
below 70 fecal cdliforns per 100 m1, only 6.7 percent of the 184
Salmonella examinat1ohs were pos1tive.‘ At-the'éno fecal colifornm
level, the 28.4 percent occurrence of Salmonella in estuarine
ﬁatérs was éssentiaiij,ﬁ&éﬁtical with data compiled from
freshwater env1ronmént$.. In polluted estuarine waters containing

fecal coliforms ranging from 201 to above 2,000, a recovery of
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Salmonella was seen 60 percent of the time, The recovery rate of

Salmonella 1n estuarine waters fs lower than that in fresh waters. }\%’/ :

In fresh water, Salmonella were.recovered 85.to 98 percent of the

time, in the range of from 201 to 2.000'f9c51 coliforms, The
lower value for isolation of Salmonella froﬁ estuarine watérs may 
be related to limitations of Sa1mone11a-methddo?ogy;(Ge1dre1ch,.
1972}, It must be noted that any projection of the qua]it&tivg
recoveries of Salmonella into a comparison with fecal coliform
quantification has recogn1zed”11m1£atdons. Such projections do

nevertheless suggest that the 200 fecal coliform per 100 ml Timf{t

“for recreational waters is a.useful water.quaTity value, -

Evaluation of the microbiological suitab111ty'for-mar1ne and

'”:ffésh watéfﬁ*sﬁbuld'be based*ppon'the fecal ;b11form L

1e§e1s.. As determ1ned'by-e1ther the multiple=-tube fgrmentat1dn-”

for marine ﬁatef or the membrahe'filter method for fresh'wafer, = I~
and based upon a minimum.of not less than five samples taken

over not more than a 30-day period, the fecal coliform bacteria]l

level should not exceed a log mean of 200 per 100 m1; nor |

should more than 10 percent of total samp]es'during any 30-day
period exceeq 400 per 100 ml. ' '

Shellfish

L4

Shellfish, being filter feeders, require a high quality of

water in order to be microbiologically safe for human consumption.

D
I



as elther raw or partially cdoked. Facal coliform bacteria,
~other bacterial pathogens, and viruses found in water and
sediments are concentrated by shellfish, depending upon
temperature, density of pathogens, currents, depth, water
chemistry, and shell1fish feeding activity (Yan Donsel and
Geldreich, 1971; Metcalf and Stiles, 1968). Once concentratdon
of pathogens occurs, flushing of microorganisms will not
necessarily occur at the same rate (Janssen, 1974:; Xelly aad
Arcisy, 1954}, Because of the established relationship between
coliform levels and enteric pathogens, shellfish waters

historically have been classified on the basis of total coliform

levels,

An attempt by thé National Shellfish Proéfam'has been.made to
correlate fecal coliform bacteria to enteric pathogens., Idzally,
any specific fecal coliform bacterial Timit for shellfish should
be based on a correlation with pathogenic occurrences in the
aquatic environment-and-with enidem1ologica1 evidence of
increased health Pisk among shellfish consumers.‘ However, thess
data are not available and ca1cu1at10ns have been based on health
risks incurred through increased pathogen occurrence in watnrs oF
differing levels of fecal. contanination. Recent data in
isheI]fish growing waters have shown that Salmonella occurred 1n
4.7 percent of water samp]es havinq feca] coliform densities of 1
to 29 per: 100 ml (S]anetz et al., 1974) Oysters growing in

these waters-accumulated from 33 to 2200 fecal colfform bacteria

o
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per 100 grams of shellfish meat, with Sa1m6ne11a occurrence at

£.1 percent, ' : g}

Shellfish contamination is intensified ﬁmr by mml '
accumulation of waterborne organisms in bottom s.ediments through
the action of ;edimehtatidn. _Invest\gation of‘both'the overlying
water and bottom sediments from 1akés and streams pas ﬁﬁﬁémxa :f7 hE
a 100- to 1000-fold increase in fecal éolifdrm densities ﬁt'fhe |
water-sediment 1hterface tVan Donse1_ahd Geidreich. 19715;
Enteric viruses (Coxsackie B3) in the bottom sediment of
she11f1shwgrow1hg'uaters along the New Hahpsh1re éstuary have
been found when the fecal co11f0rm densit1es'were as low a§ 10

organisms per 100 ml {n the oveﬂying watérs'(s1anetz et al., 1_965)

‘Indicators of féca1 po11ut10n more specific than.the'fotai

“coliforms in shellfish waters have been sought., Céndidate o 7‘:  N

.forganisms or groups of organisms include E. co]1 and the fecal

coliform group. The fecal coliforms have a higher positive
correlation with fecal contaminatfon from all warm blooded

animals than does E. coli (Geldreich, 1974). Usually E. coli is

'_the'most numerous bacterium of the fecal co11forh group; -however,

under some conditions other fecal coliforms may predominate

(Sears et al., 1950). Analysis of data comparing the correlation

-+,

of fecal coliforms
coliform sources confirms the fact that the fecal coliforms

and £. coli to fecal

Fl



e were grown In waters meet1ng this bacterfological:

reflect sanitary quality of water. In comparing results of the fecal

coliform test to those of the E. coli procedure in shellfish waters, E.

toll was reported to range from 75 to 90 percent of the facal

coliform population with the fecal coliform bacteria giving a
96.6 percent correlation (Presnell, 1974), Therefore, the use of
the fecal coliform test avoids the undesfrable risk of excluding

some facal contamination.

The microbiological criterion for shellfish water quality has .
been accepted by international agreement to be 70 total coliforms
kt_per 100 ml, us1ng a median MPN, with no more than lu percent of

the values exceeding 230 tota1 co11forms. No ev1dence of . '
k ep1demio1og1ca1 outbreak from consumpt1on of raw she11f1sh wh1ch
criterion has
been demonstrated. This standard has proven to be a practical
~ 1imit when supported by sanitary surveys of the growing waters,
acceptable qua1ity 1n she11f1sh meats .and good
gepidemiological evidence However, evidence from field
1nvest1qations suggests that not all total coliform vccurrances
‘can be assocfated with feca1 poP]ution (Ga11agher. et al., 1969)
'Thus, attent1on has been directed towaro ‘the adoption of the

feca1 coliform test to meaSure nore precise1y the occurrence and

magnitude of feca1 poTlution in she11f15h qrowing watars,

A ser1es of studies was 1n1t1ated by the Nat1ona1 Shelifish

Sanitation Program and data re]ating the octurrence of total

F6



: co11forms to numbers of fecal coliforms were compiled.

Infornation vas received from 15 States and 2 Canadian provinces

and  was arbitrarily divided into 4 geograph1ca1 areas:
northwest, southern states, mid-Atlantfc, and northeast. .A'tota1
of 3,685 coliform values and 3,574 fecal coliform ya1hes were
included in the tabulations. The prime ebject1ve was to

determine the correlation between the two 1nd1eator'groups and

.secondar11y,to determine whether or not coliform data could be

used as a basis fbr_evaluation of a potential fecal coliform standard.

The data show that a 70 c011form MPN per 100 ml at the 50th _
percentile was equ1va1ent to a feca1 co11form MPN of 14 per 100 m1

The data, therefore, indicate tnat a median va1ue for a fecal

—.coliform. Stanuara is .14 and. nneBUﬂlparaﬂule snou1& not exceed 43

for a 5 tube 3 d11ut1on metnod (nunt and- Springer, 1973)

Evaluation of the microbie1091ca1 suitability of waters
fer recreatfonal taking of shel1fish should be based upon’ the
feeal-coliform bacterial levels, Hhen possible,
samples should be collected under those cond1t1oﬁs of tide and
reasonable rainfall when pollution 1s most 1ikely to be maximum
in the area to be classified. The medfan fecal coliform value
should naot exceed an MPN of 14 per 10ﬁ-m1 and not ﬁore than ld

percent of the samples should exceed an MPN of 43,

RE
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COLOR

CRITERIA:

Waters shall be virtually free from substances producing
ovjectionable color for aesthetic purposes;

the source of supply should not exceed 75 color units
on the platinum-cobalt scale for domestic water
supplies; and

increased color (in combination with turbidity) should
not reduce the depth of the compensation point for

photosynthetic activity by more than 10 percent from
the seasonally established norm for aquatic life.

INTRODUCT ION:

Color in water principally results from degradation processes in the
natural environment. A]thougﬁ co]]oidal.forms of iron and manganese occasionally
are the cause of color in water, the most common causes are complex organic
“compounds brig1nat1ng from the decomposifion of naturally-occurring organic
f,_\\k matter (AwwA, 1971), Sources of ofgén1c matérial include humic materials from
o the'sojl such as tannins, humic acid and humates; decaying plankton; and other
decaying aqugtic plants. Industr1§1 djscharges may contribufe similar compounds,
for example those from the pu1p_and paper -and tanning industries. Other
industrial discharges may contajﬁ brfght1y_cq]oféd substances such as those
from certain procesées in textile and chemical industries.

Surface waters may appear_colored because of_suspended matter which
comprises turbidity. Such color is referred to as apparent color and is
differentiated from true co]of-caused by colloidal humic materials (Sawyer,
1960). Nafural color {s reported in color "un1ts“ which generally are datermined

by use of the platinum-cobalt method (Standard Methods, 1971).
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There is no general agreement as to the chemical composition of natural

color, and in fact, the composition may vary chemically from place to place

{AWWA, 1971). Black and Christman_f1963a) characterized color-causing colloids

examined as aroﬁatic, polyhydroxy, methoxy carboxylic acids. Shapiro (1964) :-
characterized color-causing constituente as being d1a1yzeb1e'and ~ composed
of a11phat1c, po]yhydroxy, carboxy11c acids with molecular weights varying from
less than 200 to approximately 400. - The colloidal fraction of color exists in '
the 3.5 to 10 mL diameter range (Black and Christman. 1963b) These same authors

summarized other character1st1cs of. co1or observed in 1aboratory stud1es of

_natura] waters: color is caused by 11ght scattering and f1uorescence rather

than absorption of 1ight energy and pH affects both particle size of the coTor- :

~ causing colloids and the {ntensity of color 1tee1f.

RATIONALE:

Co1or in water s an 1mportant const1tuent 1n terms of aesthet1C' _'ﬁ'
considerations. To be aesthet1ca11y pleasing,’ water should be v1rtua11y free
from eubstanées introduced by'man‘s activities which produce objectionable
color. “ObJect1onab1e color" is defined to be a sign1f1cant increase over
natural background levels. Non- natura1 colors such as dyes shou1d not be
perceptible by the human eye as such colors are especially objectionable to
those who receive pleasure by viewing water in its natural state. Because of
the extreme variations in the naturaﬁ background.amount of color, it s |

meaningless tofattempt numerical 1imits. The aesthetic attributes of water

'depend on one's appreciation of the water setting.

G-



The effects of color on public water supplies also are principally
aesthetic, The 1962 Drinking Water Standards (PHS, 1962) recomuended that
color in finished waters should not exceed 15 units on the platinum-cokalt
scale. Water consistently can be treated using standard coagulation,
sedimentaticn and filtration processes Vto reduce celor to substantially
less than 15 color units when the source water dees not exceed 75 color
units (AWWA, 1971;-NAS, 1974).

‘The effects of color in water on aquatic life principally are to reduce
1ight penetration and thereby generally reduce photosyrthesis by phytoplanktcn
and to restrict the zdne for aquatic vascular plant growth.

The 1ight supply necessary to support plant 1ife is dependent on both
intensity and effective wave lengths (we1;h, 1952). In genera], the rate of
photosynthesis increases with the intensity of the incident light. Photo-
synthetic. rates are most affected 1n fhe red region and least affectad in the
blue~-violet regioh of incident 1ight'(we1ch, 1952). It has been found that in
colored waters the red spectrum is not a region of-high absorption so that
| the effective penetration, and therefore the intensity for photosynthesis,
is not as restricted as are other wave lengths. It should be emphasized that
‘transmission of all part§ qf,thékspectrwn‘is affected byrqo1qr, but the
greateﬁtﬂeffeéi'is on'tﬁé shortwave dr.STﬁé end of the spectrum {Birge and
Juday, 1930). In h1gh]yrco1ored watérs-(45 to 132 color units) Birge and
Juday (1930) measufed the 1ight transmission as a percentage of the incident
level and found very little b]ué; 50 percent or less yellow, and 100 to 120

percent red. -
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The 1ight intensity required for some équat1c-vascu1ar plants to bhoto-
Synthetica1]y balance the oxygen used in respiration may be 5 pércent of full
sunlight during maximum summer:i11um1nét1on periods (NTAC, 1968). As much as

10 percent of the incident 1ight may be required for plankton to ]1kewise

" photosynthetically produce suff1c1ent oxygen to ba1ance their resp1rat1on requ1re-

ments (NTAC, 1968). The depth at wh1ch'such a compensation po1nt is reached
ca11ed the compensation depth, de11neates the zone of effect1ve photosynthet1c
oxygen production. To ma1nta1n sat1sfactory bio]og1ca1 conditions, this depth -

cannot be substant1a11y reduced.

Industria.l reqturements as related to water color have been surmarized (I\IAS, 1974),

Tab1e 2 lists the maximum value used as a-source of water for various industries

and industrial uses. Through treatment, such waters can be made to meet almost

any industrial requirement.

Table 2,

Maximum color of surface waters that have been -
used as sources for: industrial water supp11es.- R

'Industry or_Industrial use . "CdTofa units i
fBoi]er make-up o I 1,200 ‘ |
Cooling water : ' 1,200 |

Pulp and papér . ' : 360

Chemical and allied products : 500

Petroleum ' - 25

g\\ﬁ_zfn"
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1.0 mg/1 for domestic water supplies (welfare).

For freshwater and marine aquatic life, 0.1 times
a.96-hour LQSO as determined through nonaerated
bicassay using a sensitive aquatic resident species.

 THTRODUCTION:

fopper oceurs £ a natural or native metal end in virious mineral
forms such.as cuorite and malachite, The most important ccpper ores
ore sglfides, oxides, and carbonates. Copper has been mined and usad
in,a_variety of products by man sinée prehistoric times. Unns for copper

include electrical products, coins, and Qefal platirg. 'Coppc* frequentl;

e

in alloyed_ﬁith other metals to form various brasses and bronzes. Oxiles
rnd sulfafes of.copper'are ueed for pesticides, algicides, and fungicides,
Copper frequenély is incorporated into paint; and wood preservatives to

inhibit growth of algae and invertebrate organisms, such as the woodborer,

Teredo, on vessels.

Copper is an esséntigl_trage'elemgnt for. the propagation of plants.
end pérfcrms vital funections in severai enzyues and a mejocr role iz thg
synthesis of chlorophyll.’ A-éhortaéetﬁf cépﬁer‘in soiitﬁa& iégd to
chlorosis which 1s characterized by yeiiowing of plant ;eaves; .ln
conper deficient soils it may be added as a trace nutrient éﬁpplement to

other fertilizers.

et
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Copper is required in animal netabolism. It ie importent in
invertebrate blood chemistry end for the synthesis of hemoglobin., In

some invertebrate organisms & protein, hemocyanin, contains copper end

. Berves as the oxygen-cerrying mechaniem in the blood. 4An overdose of

ingested copper in marmals acts as. an emetic,

_ In examining over 1500 surlace water samples fron the United States,
Kopp and Kroner {1967} found soluble copper in Th percent of .the samplesr
¥vth an average concentration of 15 ug/l and & maximum concentration of
280 pg/l of copper, The average concentration of copper in,seawater.

epproxinately 3.0'ug/l'YHero, 1964},

 FATTONALE:

. {oncentratlons of copper ibund'in natural waters are ngt known_to
have en edverse effect on humans.”'Prolongea oral administration of
axcesSife quan*it of copne“ nay resu_+ in liver damage, but water _

supplies seldom have sufficient copper to effect such danages. Young

chil<ren require approximately 0.1 mg/day of copper for normal'growth end

the daily requirement for adults was estimsted to be sbout 2 mg/dayl
(Sollman, 1957). Copper in excess of 1 mg/l may impart some taste_to"
water., Beceuse of & possible undesirable taste in drinking water at

higher concentrations, a limit of 1 mg/l is recommended.

vesting precipitated copper in leke bottom muds resulting from

ccpper sulfate application to control nuisance algae, Mackenthun and

Cooley (1952} concluded that the toxic limit to a midge, Tendipides plumosus,

10%

iy
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and e fingernail clam, Pisidium idahoense was about 9,000 mg/kz of copper

in mmd on a dry weight basis.

The toxiclty of copper to aquatic life-is depsndent on the alkalinity
of the water a8 the copper ion ls complexed by amnlons present, whick in zurn
aeffect toxicity. At lower alkalinity_copper_is generally more tovic to
aquatic life. Other factors affecting toxielty include pH and orgenic
compounds. Relatively high concentrations of copper may be tolersted by
adult fish for short periods of time; the critical effect of copper appears

to be its higher toxicity to young or Jjuvenile rish.

Doudoroff and Katz (1953), in reviewing literature on the acute

'{‘,toxicity of copper, concluded that in most naturel fresh waters in the

United States copper concentrations below 25 ug/l as copper evidently

ave mot repidly fatal for most common fish species. In acute tests

Jones (1964) reported that copper sulfate in soft water (12 mg/l CaC0j3)
was toxic to rainbow trout at 60 ug/l copper. In very hard water

(320 mg/1 CalOg3) the toxic concentration was 600 ug/l copper. A sumeary

of acute toxiclty date is given in Table 3. In checking this table the

" _reader should consider the species tested, pH, elkalinity, and hardness

i1f elkalinity is not given (in most naturel waters elkalinity perellels
hardness). In generai the salmonids are very sensitive audfthe

centrarchids are less sensitive to copper.

o9
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TABLE 3

The acute tuxicity (24—, 48~, 96-hr TL30 values) of copper ‘to seveéral species of fish in water of various water qualities.

Species g * size

Compd und

Exposure
time
(hr)

Exposure
type

Temperature

*cy

Concen tration
(mg/1) -

pH

Alkalinicy

Ylardness

Reference

Rainbow ]
- trout - § wonth
(Saiwo i old

gairdneri) AR

Rainbow X
trout Juveniles

Rainbow
trout

Copper

Capper
sulfate

Copper

96

24
98

48

FT*

hor

11,.6-12,4

15 ~15.6

15

15

0.02 Cu

1.25 Qu
0.89 Cu

0.4=0.3 Cu’

6.8-7.0

7.3-7.4

7.6

17-26

200

200

20-25

290

320

{6}

(5)

(2)

Brook
frout ' 14 wonth
{Salvelinus ~ old

fontinalls)

Copper

96

FT

1241

0,10 £u

41.6

45

(%)

Atlantic .
salmon Juveniles

{5almo
salar)

Atlantic
Balnun . Juveniles

Copper

Copper

96

25

FT

18«21

15

6.5-6.7-

7.1-7.5

B-1¢

20

(22}

(16}

Chinook
salwon At hatch
(Oncorbyachus 1 wonth

tshavytecha) old

Copper
Copper

*FT - flow-through biocascay

*+§ - static bioassay

96
96

11,1-12.0
10.8-12.5

0.031 Cu
0,018, Cu

§.8-7.0

i1-26

20-23

&)
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The acute

toxicity (24~, 48=, 96-hr TL50.values) of copper to seversl apccies of fiah in water of variocus water gualities.

Ezp'os ure

- - - . time : Exposure Temperature Concentration
Species Size Conmpound (hr) type (*cy - {mg/1) pH Alkalinity Hardness Reference
Chinook : . L o .
salmon | - Cupric. - <96 . 8 9.5 0.178 cutt 7.75-7.85 - 80 (8)
nicrate :
Silver . - .
salmon ; - Copper T 8 10 0.45 cutt 7.75-7.85% _ 40 (8)
{Oncorhynchus ' gulfate : 10
kisutch)
Eluegill'_a‘ ’ _ ‘ . ) : .
(Lepomia - R CuS0, 15H;0 24 8 25 0.86 CuSOy,=5H,0 1.5 18 20 iy
wmacrochirus} . - 48 0.74 CuS0,*5H,0
‘ o 9 0.66 CuS0,~5H0
Bluegllls " Juveniles CusS0, 96 T 20+1 1.1 Cu 7-8 43 45 'S}
(35 g)
Bluegills 5~90 cm .Copper
. chloride 96 5 20 0,71 cutt 5.3 3-6 45-47 {18)
Copper
sulface 96 8 20 0,77 cutt
Bluegille - Copper
bulfate 96 ] —— 0.2 v Tk 18 20 {17)
Copper sulfate
Bluegilla 1-2 g CuS0y, *5 Hz0 24 ‘8 25 10.7 CuSOy *5H,0 7.5 100 360 11
48 10.2 CuS0,~5H,0
95 10.2 Cu5C,-5H20
pluegfils - Coppar
gulfzce 86 [ - 13,2 8.1 340 &20 {17}

Copper sylfaie
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The ascute toxld:y {24~, 48-, 8%6-hr TL50 v#lues) ot.cc!pper to several

O g

specics of fish 1a water of various water qualities.

Exposure : - L
 time BExposure Temperature Concentration ‘
Specien Size Compound (hr) CLitypa (°C) (mg/1) pH Alkalinity Hardnesa  Reference

Biuegilla - Copper -

gulfate 48 8 20 7,0 Cu ‘8.3 72 101,2 (19)
{synthetic B '
water)

Fathead . . o g : _
minnow 1-2 g . Cusoy+ SH20 24 8 25 0.038 Cu$0,*5H,0 ‘7.5 18 20 13
(Pimephales 48 : 0.028 CuS0, *5H,0 ) : '
promelas) 96 0,023 Cus0y 50,0

Fathead B ‘ . )
minnow - Cus0y 96 FT 25+1 0,075 Cu 6.9-7.2 30 31 (1)

. 8 2541 0.085 Cu

Fathead .

minnow - " Copper 96 g - . 0,05 T.4 18 20 (17
aulfate : Copper sulfate ' E L

Fathead : . o
minneow 1g Copper 2% 8 19,5-20.5 1.8 Cu 6.5 10 15 (M
: cyanide 48 - 1.6 Cu . /

96 1.2 Cu

Pathead

minnow 1-2 g CuS0, 5 H;0 24 8 25 2,15 CuSOy«5H30 7.5 300 360 (13)
48 : ’ 1.50 Cuso.. '5“20 : :
96 1,45 CuSQy, «5H50

Fathead ' ' : _ ,

i sinow _20-69 mm 95 » 4-30 0,56-0.%9 Cu 8-8.,5 90-230 . 120-336 ).

Copper

",

N
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The acute toxicity (24, 48-, 96-hr TL50 values) of copper to seversl species of figh in water of various water quaﬁties_

Ex'p.oaure : : T 7
o . time Exposure Temperature Concentration .
Species Size Compound (hr) type {*c) . {mgll)} pH Alkalinity Hardness Refazrence
Fathead S . . _ )
winnow 10-15 ma CuS0y 96 e 16-25 0.430 Cu 7.9 161 200 {10)
) : : FT CQ.470 Cu
Fathead R ) R :
winnos o 56 mm . Copper: 96 3 7 2441 - 0.44 Cu - - 200 {12)
T 1.6 8 . . . H . I co
Fathend L :
minnow - Copper . 96 8 - © 1.4 8.2 360 400 (17)
o sulfate’ ) ) B Lo Copper sulfate .
Banded . )
kiili€ish . . <20 ca Cu(N0y)z - 24 . 17 1.50 cutt 7.8 - 5.3 £14)
(Fupdulus . B Y 0.92 Cutt
dfaphanua) 96 0.86 cutt
Bande_& ' T o
kt111ftsh . <20 cw Ca(l03); 24 e 28 1,30 cutt 8.0 - -55 (15)
e - . . “ 48 . 0.98 CLIH
96 0.84 co*t
Striped -
base <20 cm cu{NO3) 2 24 P 17 £.3 cutt 7.8 - 53 (14}
(Morone 48 6.2 Cutt
saxatilis} 96 4.3 Cutt
Striped
bass . <20 ca Cu(N03) 2 24 5 28 8.4 Cutt 8.0 - 55 {15}
48 6.6 cutt
96 4.0 cutt
Scriped .
buss Fingerlinge - Coppex 24 8 1 1.5 Copper sulfate 8.2 &4 35 (21}
(2.7 g) gulfate 48 1.15 Copper suilste
6 0.62 Copper sulfate
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The acute toxicity (24—, 48-, 96~hx TL50 values) of copper to several species of fish in water of various water Qualities.

Exposure - )
time Exposure - Temperature Concentration : .
Species Size Conpound (hr) type ) °c) (mg/1) . pH Alkalinicy Hardness Reference
Pumpk in- ) . .
aeed <20 em Cu(NDj) 5 2% € 17 3.8 cutt 7.8 - 53 (14)
(Leponis 48 2.9 cutt
g1bbosus) 96 2.4 ot
Pumpk in~ : S C : T T
seed <20 cn Cu(N03), 24 8 28 3.5 cutt 8.0 - . 55 . (15)
48 2.9 cutt ‘ IR ! Lo
96 2.7 cutt
" White ) P )
perch <20 cm Cu(nns), 24 8 17 ‘11.8 co*t (7.8 - 53 (14)
(Marane) 48 8.0 cutt o
americand 96 6.2 cutt
White . . I N .
perch <20 cm Cu(NDy) 24 e 28 11.5 cutt 8,0 - -1 T (15)
- 48 ) 7.9 Cu Co : o )
96 6.4 cutt
Carp o -|+ ) : : :
{Cyprinus %20 em Cu(ND3) 2 24 . 17 2,10 Cu 7.8 - 53 . (14)
carpio) 48 : 1.60 cutt ' ~ : S ‘
96 0.81 cutt _
Carp <20 cn Cu(NOy) 2 s 28 1.90 cut - 8.0 S 55 (s
: 48 B .1.20 Cu
96 0,80 Ca
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The acuta toxicity (24-, 48=, 96~-hr TL30 values} of copper to leyer.ﬁi specfes of fish In water of various water gualitias,

Species -

Expésure
time Exposure - Temperature

‘Size Compoumd (hr) . ‘type (°c)

Concentration

(mg/l)

pH

Alkalinity

Wardness

Reference

Browm
bullhead -

C
nebulosus)

Juvenilea Cepper . - 96 -~ FT -.23

sulfate

0.18 Cu

7.2-8.2

156

200

{3

Bluntaose
minnow

(!iimcy_h ales

notatus}
notates

Copper - 96 .. PFT = 24

0.29 Cu

7.9

154

200

(1)

s taﬁ_é rollex
(Campostoma
anoma lum

60 mm Copper . . 9% : T 2441

0.30 Cu

7.9

154

200

12}

Creelé.-
chib
{Semotilus

atromacul atue}

64 mm

Copper’ T “¥T 24+1
40 g o

0,31 Cu

7.9

154

200

(12}

Blacknose
dace

(_Rh infchthiya

atratulus)

47 wm Copper 96 FT 24+1

1;1 4

0.33 Cu

154

200

(12}

Rainbow
darter

(Etheostoma

caeruleun}

41 wm Copper 96 FT 2441

0.33

7.9

200

(12}
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Tt_lf-‘ acute toxicity (24—, 48-, 96-hr TL50 valuen) of copper to-several speciles of fish in water of various water quaHties.

Exposure ; .
time Expoaure Temperature Concentration :
Spacies Size Coupound (hr) type (°c) (mg/1) pH Alkalinity Hardness Reference

Goldfish ‘ i A

(Carassius 1-2 g Cu50y,*5H;0 24 s 25 0.094 CuS045H0 7.5 18 S A ¢ )

auratus) 48 - 0.043 CuSOySH0 . ‘ ‘ :

: 96 0.036 CuS0y+5H0
Guppy : . o - -

(Lebistes 0.1~0,2 g Cus0y, 38,0 24 8 25 0.130 CuS0, -5'1,0 1.5 18 20 13)

reticulatus) 48 : 0.073 CuS0,-5H,0 :

: 926 0.036 CuS0y-5H;0

Mosquito . o

fish a - Copper 24 8 . 2427 122 Copper sulfate 6.1-3.1 <100 i 20)
" (Gambusia ) : sulfate 48 S 84 Copper sulfate ) o

) 96 - 75 Copper sulfate

affinjg
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Sprague and n;my {1965) determined the level beyond which the -
orga.nism can no longer survive for en inderinite period of time for . , A/
Juvenile Atlantic salmon, Salmo salar. at 17° C. For copper in a qater
vith e totel herdness of 14 mg/l as 03003 this level was 32 ug/l;g At

28 ug/l copper there were no salmon deaths in 168 hours.

Sprague (1964) found that Atlantic Balmon, Salmo selar, tended to

_avoid a concentration of copper as low as h.O ug/l. '

Mount and Stephan (1969) reported thet in chronlec tests with fathead
minnows in water with & hardness of 200 mg/l as Cal03, 33 ug/l copper
did not affect surv:.val or the phys:l.cal eppeara.nce or the rish but 4id
prevent spawvning. No erfects were noted e.t lh 5 ug/l eopper. | In soft
water with & hardness of 30 mg/l as (.!e.co3 the no-effect level for the

fathead mmm, Pimephales p;omelas was about 10.6 ug/l Qopper. These L

i J.nvest:.gators reported appl:.cat:.m factors of between 0. 13 and 0 22 -and -

between 0. 03 and 0 08, reSpectwely, for soft and hardwater 'I'he

mxim concentra.tion of copper hev-j.ng no detecte.ble effect on the brown
bullhead, Ictalurus nebulosus, in 600 days in water vith a hardness of

202 mg/l as CaCO; was determined to be between 16 and 27 ug/l (Brunga et 5
1973). Bemoit (1975) exposed bluegills (Lepomi macroohirus) to copper in
soft water for 22 months and found the "no—effect” level to be 21 ug/l

copper.

McKim end Benolt (1971) conducted chronic tests with brook trout,

Lt

Selvelinus fontinalis, exposed to copper in water with & mesn alkalinity
of 41.6 mé/.l es CaC03. A copper concentration of 17.5 ug/l did not
adversely affect survival, growth, or spawvning of edult brook trout or.
the hatchability of the eggs; however this concentration affected the

survival and growth of Juveniles, The "no-effect" level established

12



for the young brook trout was 9.5 1g/l copper. In a second generation

- &xposure of brook trout to copper, MeKim and Benoit (1$7h) found that

exposure to "sublethal concentrations of copper from yearling through
spawning to 3 month Juveniles" was sufficlent to establish a "no-effect”
concentration (i.e., the "no-effect" level noted abéve caused no

adverse effects on the second generation). These authors repcried

an application factor of between 0.17 and 0.10 of the 96~hour ICS0 valua
for the brown trout anly.

Blesinger and Christensen {1972) found a 16 percent reproductive

impairment ‘et 22 ug/l copper for Daphnia magna in chronic (3-week) tests

An water with 2 total hardness of 45,3 mg/1l as CaC03z. Ihe 3-week LI50

was 4h ug/l copper.' The total copper concentration having no effesct on -

Camne_oma dec1sum, "Physa 1ntegra, and Gammarus pseudollmnaeus in C”“orlc

studles was between 8.0 and 1k, 8 ug/l in water with s total hardness of-

45,3 mg/l as CaCO;z {Arthur and Leonard, 1970).

The coﬁcentration of copper that has beeﬁ associlated experimentally
with no harmful effect for several aquatic species ls about 5 to 15 pg
This is very close to the’ average amblent freshwater concentration now
found where copper occurs,lnfmeasurable-quentity. In waters with nigh
alkalinity and/or with much orgenic material many species will be eble

to tolerate higher amblent copper concentrations. In such.eaees, the

- criterion should not exceed 0.1 of the 96~hour ICS50 (the approximate

mezn. application factor fram tests reported above) as determined

through bicassays using sensitive resident species.

_Copterfis-present'iﬁ,sea'water at .a concentration of approximately
3 ug/l but copper added:te the marine environment is readily precipitated

in the alkaline and saline enviromment. Toxleity of copper tc Tishes in
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parine waters has not been studied, but for Nereis virens, a polychasete

invertebrate, the toxic threshold for copper was 100 ug/l‘(Raymoﬁt and

'Shields, 1964)., Copper is toxic to oys’cers e.t. concentrations above

100 ng/l (Gs.ltscff, 1532}, Glendenning and North (1960) found

inhibition of photosynthesis in the giant kelp, Mecroczstis m:r_ifere.,

. at copper ccncentrations of 60 ug/l. This ccmmercielly important marine
_pla.nt is used for several i_ndustriel j?rcce_sses and for important food
edditives. In areas where this plant'is especiellj aignif:ic'a.n‘t it may

be prudent to establish 2 restrictive copper criterion.

Adult softshell clase, h_dyg-ai:enaria, were the most sensitive.
marine macroorganisms tested in stat.xc copper tcm.c:.ty bmassays.
1C0, 1LC50 and IL:lOO values after 168 hours’ at 30 /00 sal::.n:.ty and

22°C were 25, 35 and 50 ug/1, respchwly. At 17°C, these values

‘were 75, 86 and 100 ug/l respectively, for the sate time per:.cd

(unpublishsd manuscript) . Copper is select:.vely concentrated over
zinc by adult softshell cla_ms, Mya arenaria, Concentrations of

gre.ster then 20 ug/l are fatal after exposure of several weeks

(Pringle, et al., 1968). The 9~day 1C50 for newly hatched Fundulus

heteroclitus larvae was 160 ug/l (Gentile, 1975).

These data are insufficient to derive a satisfactory criteria

mmber, but it is spparent that copper does exhibit toxicity to the

~ few species tested. Therefore, it is recormended.that .1 of the

96-hour LCS0 for a sensitive aguatic species preseﬁt be adopted.
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The only known industrial use of water affected by copper iz the
production of textiles which requires a minimum concentration (s low as

10 ug/l) for some select processes. If needed, the low concentrations

found in natural water nay be reduced readily b¥ various forms of trestment

including coagulation and Precipitation or ion exchange resins. Thus, no

water quality criterion for copper in industrial weter supplies 1s proposed,

The minimum reported concentration of copper that begins to erzhibit
toxleity to some agricultural plents is 100 ug/1, vhich is considerebly
more than the average found in the N&tien’s waters. The adverse effect
of copper'on plnnts can be overcone readily_by Troper manasgement through
irrigation or by the addition of materiels such as lime, phosphate.
fertilizers, or iron salts to the soil (Heuther ard Lzbanauskas, 1966).
No criterion is proposed for copper in water used for agricultursl |

purposes.,

Copper sulfate has been used widely in the control of‘algae‘in
valter supply reservoirs and in. recreational lekes. At Madison, Wisconsin,
its use for such purposes began in 1918 (Mackent“un end Cooley, 1952),
Copper sulfate was used first s*.a fizh noison in 191h,and in 1953 1
was used experimentally by the Messechusetts Divislon of Fisheries and
Game in accel erating fish movements in- pcnds Whlcu vere being fyke-irapped
for the remcval of overabundent pan end wesd species. It has since
been used as & standard accessory tool in netting operations (Tompkins . and

Bridges, 1958),
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CRITERIA:

CYANIDE

5.0 ug/1 for freshwater and marine aquatic : v
1ife and wildlife.

INTRODUCTION:

Cyanide is one of the simplest and most readily formed organic ' A
moieties. Cyanide and compounds of tyanide-are‘a1most universally
present where 1ife and induétry are found. Besides being very important

in a number of manufacturing processes, they are found in many plants

_and- animals as metabolic intermediatés whicn génera11y are not stored

for long periods of time.

In addition to the simple hydrocyanic acid (HCN), the alkali

‘'metal salts such as potassium cyanide (KCN) and sodium cyanide (NaCN), = .

are commonly occurring forms and sources of cyanide. The_Tatter

compounds are.readiTy disso]véd_in’water; the extent of HCN fofmation'.g o f_x‘*’/
is pH-dependent. A significant fraction of the cyanide exists as HCN

molecules up to a pH of approximately 8, and the fraction increases-

répid]y as the pH of the solution decreasés. When these simple salts

dissociate in aqueous solution, the cyanide ion combines with the

hydrogen ion to form hydrocyanic acid, which is toxic to aguatic life.
Chehica]ly, the cyahide ion behaves similarly to the halide ions--

chloride, fluoride, bromide and iodide.
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The cyanide ion combines with numerous heavy meta! ions to form
metailocyanide complexes. The stability of these anions is highly
variable. Those formed with zinc and cadmium are not stable; dissocia-
tion and production of hydrocyanic acid in near neutral or acidic
environments is rapid. In turn, some of the metallocyanide anions are
extremely stable. Cobaltocyanide is difficult to destroy with highly
destructive acid distillation in a Taboratory. The Tron cyanides are
also very stable but exhibit the phenomenon of photodecomposition, and
in the presence of sunlight the material dissociates to release the cyanide
ion, thus affecting toxicity; at night the reaction may reverss to produce

a less toxic form or state. "

A wide variety of organic compounds may contain cyanide fonctionai
groups. These compounds belong to a class of organic chemicals called
nitriles, few of which diesociate to 1iberate cyanide ions or molecular
HCN. In addition, there are also complex organic acids, alcohols, esters,
and am1des that contain the cyanade radicals. These organic compounds
are used fot numerous products or may be a waste by-product. Their
i toxicity, persfstence, and chem1stry 1n the aquatic env1ronment are not .

well known except for a few spec1f1c compounds

Cyanide toxicity is essentia]]y'an inhfbition of oxygen metabolism,
i.e., rendering the tissues 1ncapab1e of exchangIng oxygen. The
cyanogen compounds are true noncumilative protoplasmic poisons (can
be detoxified readily) since they arrest the activity of all forms of

animal life. Cyanide shows a very specific type of toxic action. It
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inhibits the cytochrome ok1dase system which facilitates electron transfer
from reduced metabol1tes to mo1ecu1ar oxygen. The ferric {ron-porphyrin
motecule responsible for the cata]yt1c act1on of . cytochrome ox1dase is |
the react1ve site where cyan1de comb1nes w1th ferr1c(+++) jron atoms to

form a reversible complex. Other enzymes containing a meta1 porphyr1n '

“molecule, e.g., peroxidases and xanthine oxidase, are also strongly

inhibited by cyanide. Only und1ssoc1ated HCN 1nh1b1ts the consumpt1on

of oxygen in the tissues, causing cellular. asphyxia {histotoxic anoxia)

- by attaching itself to the 1ron-of_the prosthet1c-group of the enzyme

cytochrome oxidase.

Hydrocyanic acid can be absorbed readily and carr1ed in the

plasma but does not combine w1th hemog1ob1n because its iron atom is

divalent (ferrous). Instead, cyanide combines with methemog1ob1n, a

- mildly ox1d1zed form of hemoglob1n in which the iron atom is tr1va1ent

(ferric). Methemog]ob1n, which cannot carry oxygen, normally repre-

sents only a small fraction of the total hemoglobin ' S1nce 1t forms an'
1rrevers1b]e and innocuous comp]ex with cyan1de, it is an act1ve cyanide _
detoxifying agent. Amy1 n1tr1te and other agents can be used to
1ncrease_the level of methemoglobin to counteraot cyanide'toxicity.-

A few of the ways in which cyanide can be metabolized within a pattern

of normal physiology are by the production of thiocyanate, reaction

with hydroxocobalamin to form the harmless cyanocobalamin, combination
with amino acids, oxidation to carbon diokide.and formete,'etc. The

conversion of only free cyanide and not organica11y bound cyano groups
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to thiocyanate (SCN-) by action of the enzyme rhodanese is considered
to be the primary method of detoxification of cyanide. Rhodanese is
absent from blood and skeletal muscle, but 1s abundant in the Tiver.

Thiocyanate is eliminated irregulariy and slowly in the urine.

The action of cyanide on the respiration of the cell and the
primary methods of detoxification of cyanide haQe been noted above.
However, it should be pointed out that cyanide does not completely
abolish cellular respiration. It is possible that a small amount of
residual respiratory activity is made possible by cytochrome b activity,
since this substance does not require the cyanide-susceptible cyto-
chrome oxidase. An alternative explanation of residual respiratory
activity of the cy@nide-poisoned system is found in the action of the
flavin aerobic dehydrogenases, which can transfer hydrogen to molecular

oxygen without the cytochrome system.

- The persistence of cyanide in water is highly variable. This
variability is dependent upon the chemical form of cyanide in the
water, the concentration of cyanide, and the nature of other
constituents, Cyanide may be destroyed by strong oxidizing agénts
such as permanganates and chlorine. Chlorine is commonly used to
oxidize sfrong cyanide solutions to produce carbon dioxide and ammonia;
if the reaction is not carried through to completion, cyanogen chloride
may remain as a residual and this material is also toxic. If the pH

‘of the receiving‘waterway 1s acid and the stream is well aerated,
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gaseous hydrogen cyanide may evolve from the waterway to the
atmosphere. At Tow concentrations or toxicity and with acclimated
microflora, cyanide maj be decempesed by microorganisms in both

anaerobic and aerobic environments,or waste treatment systems.

Hydrocyanic acid probany is the most toxic form of . cyan1de in

water. The ratio of hydrocyanic acid:to tota] cyan1de is qu1te

variable. Under natural conditions this variation is due to fluctuations

in pH. Photochemical action can also affect this ratio. Fluctuation

in pH is caused by acid wastewater discharges,and photosynthetic and
respiration cycles of aquat1c p]ant 1ife affect the formation, stability
and toxicity of HCN. Since such chem1ca1 and physica] conditions will

dictate the form of cyanide, the Cyanide criteria must be based on the -

‘concentration of total cyanide present in the watet;

* RATIONALE:

Cyenide ingested by humans at quantities ¢of 10 mg or less per day':
is not toxic and is b1otransformed to the less toxic thiocyanate.
Lethal toxic effects from the ingestion of water containing cyan1de
occur only when cyanide concentrations are " high and over-
whelm the detoxifying mechanisms of the human body. Continuous 10ng-t
term consumptien of up to near]y'S mg per day has shown no injurious '

effects (Bodansky and Levy, 1923);



A review of the available pertinent data on the acute toxigity
of simple cyanides to fish‘reveais the following-minirmm.lethal (threshold)
concentrations of free cyanide from data obtained from experiments
ranging from 12 minutes to 10 days: brook trout, Salvelinus
fontinalis (Karsten, 1934); rainbow trout, Salmo gairdneri (Herbert and
Merkens, 1952); brown trout, Salmo trutta (Burdick, et al., 1958);

smallmouth bass, Micropterus dolomieu (Burdick, et al., 1958);

b}uegiTIs, Lepomis macrochirus {Doudoroff, et al., 1966); and fathead

minnows, Pimephales promelas (Doudoroff, 1956), are reported to be

50, 70 (60 determined concentration), 70, 104, 150, and 180 ug/1 as

~ cyanide, respectively.

Research at the University of Minnesota has revealed that the
minimum lethal (threshold)} concentrations, as determined from continuous
flow bioassays in which routine analyses for cyanide were perfcrmed,
'are-genera11y lower than thé above reported values. The threshold
conceﬁt?ations, expressed as mg/1 cyanide, for the brook trout, SaTve]inus

fontinalis; b]ueg1]1, Lepomis macroch1rus, and fathead minnow, Pimephales

grome]as were determ1ned to ‘be 10.057 at 10 C O 104 at 25°C, and 0.720
at 25°C, respectively (Broder1us, 1974)

In review it can be concluded that free cyanide concentrations

in the range from 50 to' 100 ug/1 as ‘cyanide have proven eventually
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'~ Downing (1954), Cairns and Scheier (1958), and Burdick, et al.

~from 50 to 200 ug/1 (Herbert and Merkens, 1952; Burdick, et al., 1958;

fatal to many sensitive fishes;and Tevels much above 200 ug/1

probably are rapidly fatal to most fish species. ' _ : \\_/Z«f

———— -

(1958) have shown that the toxicity of free cyanides increases with any
reduction 'in dissolved oxygen‘below-the 100 percent saturation level.
Cairns and Scheier (1958) observed that even periodic lowering of -

dissolved oxygen decreased the tolerance of bluegills to cyanide. |
The tolerance of fish tb cyanide solutions that are rapidly lethal
has beeh reported to decrease with a rise in temperature. This increased

toxicity may be explained in part by the increased metabolism of fish

-at higher temperatures.

Contradictory information from the'literature 1ndicates the

_uncerta1nty between the relat1onsh1p of tox1c1ty of s1mp1e cyanides

to fish and the pH of the test so1ut1on. However, since und1ssoc1ated

hydrogen cyanide has been demonstrated to be the toxic cyanide spec1es | ' :'\*—’/L-

in simp]e cyanide solutions, changes in the pH of natura] waters below

a value of about 8.3 should have no measurab]e effect on the acute
toxicity of simple cyanides to fish. There is no apparent re]ationship. _
among toxicity to fish, - the alkalinity and the“hardness of the dilution ™ -

water.

Cyanide is acutely toxic to most fishes at concentrations ranging

Cairns and Scheier, 1958; Doudoroff, 1956; Turnbull, et al., 1954; _ k' M
Lipschuetz and Cooper, 1955; Washburn, 1948).
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Some information on chronic or sublethal effects of cyanide is alsc
available. Leduc {(1966) found increased intestinal secretions in

the fish, Cichlasoma bimaculatum, at concentrations as low as 20 ug/1 and

reduced swimming capability at concentrations of 40 ug/1. Costa {1965)

reported that three common species of fish detected and avoided cyanide

concentrations of 26 ug/1 in approximately an hour or less. Exposure

to cyanide concentrations as low as 10 ug/1 reduced the swimming ability

or endurance of brook trout, Salvelinus fontinalis (Neil, 1957).

Growth, or food conversion efficiency of coho salmon, Oncorhynchus

-kisutch, was reduced at hydrogen cyanide concentrations of 20 ug/1.

Small freshwater fish of the family Cichlidae exposed to a cyanide

'concentrat1on of 15 ug/1 lost weight more rapidly than the control fish

1n water free from cyanide (Leduc, 1966).
The effects of cyanide on marine 11fe have not been investigated
adequately to determine separate water quality criteria, but based on

the physiological mechanisms of cyanide, tox1;1ty to marine life

. probably is similar to that of freshwater 1ife. Since marine waters

generally are a]ka]ine ‘the toxicity of cyan1de should be 1ess than in

" fresh waters where pH: f]uctuations occur more readily and frequentiy
‘Thus, an additional factor exists to provide a margin of safety and

_compensation for a lack of specific data on which to base the criterion

for marine aquatic life.
Cyanide has not been reported to have any direct effect on

recreational uses of water other than its effects on aquatic life. HNo

_informatiqn 1szVailab1e_onjadygrse effects of.cyanide in agricultural
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practices nor in industrial uses of water containing cyanide.

Since cyanide concentrations as Tow as 10 ug/1 have been reported

to cause adverse effects on fish, an ambient concentréti&n of 5 ug/1

is believed to provide protection with a reasonable margin of safety. '
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GASES, TOTAL DISSOLVED
CRITERTON:

To protect freshwater and marine aquatic life, *he tctal
dissolved gas concentrations in water should not exceed 110
percent of the saturation value for gases at the existing

atmospheric and hydrostatic pressures,

RATIONALE:

FiSh in water containing excessive dissolved gas
pressufe Oor tension are killed when dissolved gases in their
circulatornyysteﬁ come out of solution to form kukkles
(émboli) whiéh block the f£low of blbod through the capillary
vessels., In aquatic organlsms ‘this is commonly referred to
as “qas bubble dlsease“ External bubbles {emphysema) also

appear in the flns, On the opercula, in the skin and in

 other body tlssues.‘ Aquat1¢ 1nvertebrates are. also affected

by gas bubble dlseasel but usually at supersaturatlon levels

higher than those. lethal to flsh
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| Tas standard method of analyzing for gases in;solutiops

~has been the Van Slyke method (Van Slyke; gErE£;;'1934):nbwgﬁs R

chromatography_also is ﬁsgdﬁ 7 for détermination”ofﬂ
individunal aﬁd_total gases. - For determination of ﬁptal gas
pressure;-Weiss has'developedfthe-satu;oﬁeter, a device

Hased upon a thin-wvall siliéqp;wrupber’tube that is

permeahle to gases but iﬁ;efﬁeﬁble to watar; gases pass from B
the waﬁer through the tube,'ﬁhué raiéiﬁg the internal gas
pressure which is measured bfia manométer or pressufe gauge
connected to the tube (ﬁAS, 19?4).v Tis method alons does
ndt'separate theQﬁotal gas presﬁuré-intb thé separate
components, but Winkler oxygen determinations can be run

simultanzously, and gas concentrations. can be -calculated..

‘Total dissolved gas concentrations must be determined ' : }**/

because analysis of individual gases may not determine with
- certainty that gas supersatﬁration axists. For example,

~ water could be highly supersaturated with oxygan, but if

nitrogen were at less than saturation, the saturation as
measured by total gas pressure'might not exceed one nundred -
percent. Also, if the water was highly sunersaturatad with

dissolvad oxygen, the oxygen alone might be sufficient to

A



cre@ats gas pressures or tensions greater than tae criterion
limits, but ons would not.know the total gas presszur: or
tension, or by aow much the criterion was excaedsed. Taa
rare and inert gases such as argon, neon, and h=lium are not
usuaally involvaed in causing gas bHubble disease as their
contrisution to total gas presures iz vary low. Dissolved

nitrogen (¥N3), waich comprises roughly 80 percent of the

@arta's atmosphare, i1s nsarly inert 2iologicallv and is the
nost significant cause of gas bubble digease in acquatic
animals., 2Jissolved oxyqeﬁ, which iz extremely bioactive, is
consumnad 2y the metabolic processes of the organism and is
less important in causing sarious gas bhudble disease though
rit may be involved ‘in initiatingremboli formation in the

Dlood (Webexer, et al., l976a.).

Percent saturation of water éontaininq a givan amount of
gas varies with the absolute temperature and with the
pPressure. decauae of the preesure changes, percent
-saturation w1th a- glen amount oF gas cnanqes w1th deotn cf
the water. Gas supersa;uyation decresases bv 13 percent per
meter qf,increase iﬁ water depth.due‘to—hydrostatic

pressure; a gas that is at 130 peréén£ saturation at the

144
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. depth, Compensation for altltude may be needed because a

surface would be at. 100 percent saturation at 3 meterst

reduction in atmOSpherlc pressure chanqes the water/gas _ .

equilibria resulting in changes in solubility of dlssolved

. gases.

1

There are several ways that total dissolved gas.

Supersaturation can occur:

{1} Excessive biological activityf-dissolved oxygen.
concentrations often reach supersaturation due to excessive

algal photosyntheSis; ‘Renfro (1963) reported ges bubble

_dlsease 1n fishes resultlng, in part,. from algal. blooms.

Algal blooms often accompany an increase in. water

temperature and this h;qher temperature furthet contrlbutes e

to supersaturatlon.

{2) Lindroff'(1957) reported that watef'spillage at
hydropower dams caused supersaturation. 'When excess water
is spilled over the face of a dam it.entrains air as it
plunges to the st;lllng or plunge pool at the base of the

dam. The momentum of the fall carries tbe water and

i
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entrained gases to great depths in the podl and, under
increased hydrostatic pressure, the entrained gases are
driven into solution causing supersaturation of dissoclved

gases.,

{3) Gas bubble disease may be induced by discharges

- from power generating and other thermal sources {Marcellc,

et al., 1975). Cool, gas-saturated water is heated as it
passes through the condenser ‘or heat exchanger, As the
temperature of the water rises, percent saturation increases
due to the reduced solubility of gases at higher

temperatures. Thus the discharged water becomes

supersaturated with gases and fish or other organisms living

in the heated-water:may.exhibit gas bubble disease (DeMont

and Miller, 1972; Malouf, et gi., 1972; and Keup, 19753.

Inrrecent yea:s,ﬂgas{bubbleudisggsé-has 5een identified
as arméjdflbfoblémrégfeé;;ng vaiuable*stoaks'of salmon andg
trout in the ColumbiarRiverﬂsyétem {Rulifson\and-gbel;
197)). The;diéease_ié-caﬁséd byzhiéhﬁébncentratidnéiof
dissolved atmospheric g&glwhich’"éh#éfgfthe:iivéf's'water

during heavy spilling atihydroelééfriéidams._ A report by

td3



_ Ebel, et al. (1975):presents'resu1ts from field and
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1aboratory sfudieS'oﬁ'éhe lethal, sublethal, and
physiological effects of gas 6h fish, dépth éiétribution of -
£ish in the river (fish can compeﬁéate for séme high

concentrations of gas'by'@gving deeper into:the‘water

column), detection and avdidance 6f,gas concentrations-by
fish,wintérmittentaequsgrg of fisbjto.gas éoncentrations.
and biéassays of‘manyﬁspecies of fish exposed to different
concentrations of gas. Seyefallgonclusions resulting from

these studies are:

(1) When either juvenile or adult salmonids are

confined to shallow water (1 m), subsfantial_m¢:tality

occurs at ahd above.llSZPercent‘total-dissolvéd_gas

saturation. - - : _ o . RO o . \*’/

(2) when either juvenile or adult salmonids are free to

sound and obtain hydrostatic compensation either in the

. laboratory or in the field, substantial mortality still

occurs when saturation levels (of total dissolved gases) exceed
120 percent saturation.



{3) On the basis of survival estimates made in the
Snake River from 1966 to 1575. it.is concluded that juvenile
fish losses ranging from 40 to 95 percent do occur and a
major portion of this mortality can be attributed to fish
exposure to supersaturation by étmospheric gases during

vyears of high flow,

(4) Juvenile salmonids subjected to sublethal periods
of exposure to Supersaturation:can recover when returned to
normally saturated water, but adu;ts do not recover and
geénerally die from direct and indirect effects of the

exposure.

Vi (5) Some spacies of salmon and trout can detect and

avoid supersaturated water; others méy«not.

{6) Higher survival was obsérved during pericds of

intermittent exposure than during continuous exposure.

{7) In general, in acute bioassays, salmon and trout

were less tolerant than the non-salmonids.

— | N
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‘percent mortality occurred in less than 3 days. They also

”determined that the threshold'level”where eignificant'

Dawley and Ebel_(1375)_found that exnosure of juvenile

spring chinook salmon, Oncorhynchus tsiawytscha, and

3teelhead'trout; Salmo gairdneri, to 120 percent saturation : -

for 1.5 days resulted in over 50'petcehtfmortelity; 100

mortalities begln occurring iz at’ 115 ‘pPercent nitroqen

'3aturatlon (111 percent total ‘gas saturatlon ln this test).

Rucker (1374}, us;nq ]uvenile coho salmon, Oncornyncaus

kigutch, Jdetermined the effect of 1ndiv1dua1 ratios of
oxygen and nitrogen and established that a decrease ln

lathal effect occurred when the. nitrOgen content fell below

._109 percent saturation even though total .gas saturatlon

ramained at 119 percent saturatlon,-lndicatlng the - - l'x-/
importance of determining the concentration of the

individual com.ponents‘(o2 eno Nz) of the atmospherio

supersaturation. Hebeker, et al. (1976a), u51ng Juvenlle

sockeye salmon, Oncorhyncihus nerka, also showed that there

was a significant increase in fish mortality when the
nitrogen concentration was increased while holding the total

percent saturation conStaht. They. also showed that there
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wa3 no significant difference in fish mortality at Aiffarent

CO ., congantrations,

Rasearcia comnleted by Bouck, et al., (1973) saowed that
gas supersaturated water at and above 115 percent total gas
saturation i3 acutely lethal to most SDec1es of salmoni 5-;
wita 12) percent saturation and above rapidly lethal to all
salmonids tested. Levels as lov as 110 percent will prodﬁce
emphysema in most species. Steelihead trout were most
sensitive to gas-sunersaturated water followed vy socke?e

salmon, Oncoriyncaus nerka, Chinook salmon, 9ncoravnciivs:

tsaawytscana, were intermediate in sensitivity, Coho salmon,

Oncorqgncaus Kisutecn, were 51g ficantly the more tolerant

of tae salmonids though still much more susceptible than

non-galmonids like ass or carn.

. 3

Daonnla magna uX- ited a sen:1t1v1tv to sunersaturat*on

similar to that of the salmonids;(ﬂebeker, et al,, 1375},

with 115 percent saturatidn lethal within a few days;

stoneflies exnlolted an- intermediata senaltLVLty similar to

oass with . mortalltj at 130 paercent saturatlon, and cravFl 3N

N(o_‘ﬁ“'
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ware very tolerant, with levels near 140 perCent total gas

saturation resulting in mortality,

No differences are'preedsed in the criteria'fbr
fresawater. and marine aquatlc llfe as tht data avallable

indicate that there probaaly is llttle dlfference in overall

tolearances between marlne and fresnwater snec;es.

The developwent oF gas bubale dlsease in mennaden,
3revoort1a Sp., and therr tolerance to gas saturatlon in
laboratory »ioassays and in the fleld (bllgrim Nuclear Power

Station Dlscﬁarge Canal) are dlscussed by Clay, et al,

_(1975) and Harcello, et al. (1975). At 100 percent and 105

percent nitrogen. saturatlon, no gas bubbles developed

externally or in any of the internal organs of menhaden. At

t105 percent nitrogen saturatlon, nowever, certaln behavroral

changes .Jdacame apparent. Fish sloughed off nmcus v swam
erratically, were more excitable, and became darker in
color. Menhaden behavioral changas observed at llO_percent
nitrogen saturation were similar to those noted at 1d5
percent, In addition, at 110 percent gas emboli were found

in the intestines, the pyloric caeca, and occasibnally the

JUINC
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operculum. The behavioral chenges described were also
cbserved at 115 percent, and clearly defined subcutanacus
emphysema was observed in the fins and occasionally in the
fye. At 120 percent and 130 percent nitrogen saturation,
menhaden‘developed (within a few hours) classic symptoms of
gas bubble disease. Externally, emboli were evident in all
fing, the operculum, and within the oral cavity.
Exophthalmia also occurred ang emboli developed in internal

organs. The bulbous arteriosis and swim bladder were

: severely distended, and emboli were found along the length

of theAgill’arteriOIes resulting in hemostasis. At water

'temperatures of 30°c, menhaden did not survxve, regardless
.. of gas saturatlon level. . At water temperatures of 15°, 220,

- and 259c, 100 percent of theé menhaden died within 24 hours.

at 120_percent and 130 percent gas saturation. Fifty

percent died after 96 hours at 115 percent (22°C). Menhaden

'surV1val after 96 hours at 110 percent nltrcgen saturaflon

ranged from 92 percent at 229 and 25° to- B3 percent at 159c.
observatlons -on the relatlonshlp hetween the mortallty rate

of menhaden and’ gas saturatlon levels at Pllqum Station

' dutlng the April 1975 ~incident suggest that the fish may

tolerate somewhat hlqher gas saturatlon levels in nature.

Hle-C
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It has been shown by Bouck, et al. (1975) and bawley, et

al. (1975) that survivaljof"salmon.and“steelhead‘smcltS'in ST : N

seawater isrnot affected by prior egposuxe'ﬁozgas '
supersaturation while.iﬁ fresh water.  No significant
mortality of juvgnile thaiand soékéye salmon'oécurred when’
they were éxposed to‘éublethal'cdncentratioﬂs of
supersaturated water and‘thén traﬁsfefred'tO'seaﬁwer'

[Nebeker, et al. 1976b).

)
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INTROCUCTION :

Water hardness is caused by the polyvalent metalliic ions dissolved in
water, In fresh waters these are principally caleium ard magnesium althouch
other metals such as iran, strontium, and manganese contribute to the extent
that apprec:.able concentrations are present. Hardness comonly is repoxted as

an equivalent concentration of calcium carbonate (CaCOa) .

The concept of hardnéss .ccmes from waber supply practice. It is
néasuredbysoaprequiranentsforadegmtelather formation and as an
mdicator of: the rate of scale formmation in hot water heat;ers and low pressure
boilers. A camonly used class:.f:.cat:.m is g:.ven in the following table
(Sawyer 1960} . '

Classifi_cation of Water by Hardness Content

Cone., ma/1 CaC03 o _ Description
0.7 gt
75 - 150 moderately hard
150 - 300 - o hard
.300:and up © . Vvery hard

Natura‘l sources of hardness princ1pa11_y are Hmestones which are d'fsso]ved

b_y percolating rainwa’ter‘ made acid by dissolved carbon d1ox1de Industria]' hnd'

Y
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industrially related sources 1nc1ude the inorganic chemical industry and
— discharges from operating and abandoned mines. |
‘Hardness in freSh“water frequently ishdist1nguished in carbonate and non-
carhonate fractions. The carbonate fract10n is chem1ca11y equ1va1ent to the
*-'bicarbonates present in water.' S1nce b1carbonates genera11y are measured as

alkalinity, the carbonate hardness usua]]y. is cons1dered equal to the alkalinity.

RATIONALE _

The determ1nat1on of hardness 1n raw waters subsequently treated and used
for domestic water supplies is usefu1 as 2 parameter to character17e the total
dissolved solids present and for calcu1at1ng chem1ca1 dosages where 11me-SOda
softening is practiced. Because hardness concentrat1ons in water have not been

proven health reTated the final level ach1eved pr1nc1pa11y 15 a function of .

economics. Since hardness in water can be removed w1th ‘treatment by such’ processes '

as 11me soda soften1ng and zeolite or ion exchange systems, a. cr1ter1on for raw .
-.waters used for pub11c water supp1y is not pract1ca1
| The effects of hardness on freshwater f1sh and other aquatic life appear
to be related to'the jons causing the hardness rather than hardness. _
Both the NTAC {NTAC, 1968) and NAS (NAS;,1974)‘panels'have recommended against
the use of the term hardness but suggest the inclusion of.the concentrations of
the specific ions. This procedure should avoid,confusion in future studies but
is not helpful in evaluating previous studies. For most existing data, it is
difficult to determine whether toxicity of various metal ions is reduced because
of the formaton of meta11jc hydroxides and_carbonates caused by the associated
1ncreases in a1ka1inity.'or because of an antagonistic effect of one of the

principal cations contributing to hardness, e.g., calcium, or a combination of both

nE:



effects. Stiff (1971) presented a thecry (without proof) that if cupric fens

were the toxic form of copper while copper carbonate compiexes were relatively
nen-toxic, then the observed difference ip toxicity of copper between hard snd

soft waters can be explained by the difference in atkalinity rather than

hardness. Doudoroff and Katz (1953), in their review of the Titerature en
toxicity, presehted data showing that increasing calcium in particular reduced +ha
toxicity of other heavy metals. Under usual conditions in fresh water and assuming
that cther bivalent metals hehave similarly to copper, it is reasonable 0 assume

that both effects occur simuTtaneously and explain the observed reducticn of

toxicity of metals in waters containing carbonate hardness. The amount of

reduced toxicity related to hardness, as measured by a 40-hour LCgy for rainbow
trout, has been estimated to be about four times for copper and zinc when the
hardness was increased from 10 to 100 mg/1 as CaCO3 (NAS, 1974),

Limits on hardness for industrial usee are qu1te variab]e Tab]e 4 ]1st5

max1mum values that ‘have been accepted by various industries as a source of raw

water (NAS, 1974), Subsequent treatment genera11y can reduce hardness to tolerable
Timits although costs of such treatment are an 1mportant factor in determining
its des1rab111tyfor a part1cu1ar water source.

Hardness 1is not ardeterm1natTon of concern'fet'irriuatton use’of
water, The concentraticnsof the cations, caTc1um and magnesium, which comprize
hardness, are important in determ1n1ng the exchangeab]e sodtum 1n & g1ven water,
This particular calculation will be discussed Under-total d1ssolved sotids rather

than hardness.

1uq
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© Table 47

Maximum Hardness Levels Accepted
Dy Industry as a Hew ] *

" “Maximum Concentration

- Industry

Electric Utilities
Textile

Pulp and Paper
Chemical B
Petroleum

Primary Metals

* Requifeménts for final use within a process may be essentially

-mg/]_as CaCOs

5,000
120
475
1,000
900 -
1,000

zero which requires treatment for concentration reductions.

G
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CRITERIA:

0.3 mg/1 for domestic vater supplies (we1fare)
1.0 mg/1 for freshwater aquat1c life.
INTRODUCT ION: | |
Iron is the fourth most abundant, by weight of the e1ements that _:"

make up the earth s crust. - Common in many rocks it is an’ 1mportant component

' 'of many soils, especially the clay soils where usually it is & major

constituent. Iron in water may be present n vary1ng quantitles dependent

upon the geo]ogy of the area and other chemica1 components of the waterway
Iron is an essential trace e1ement requ1red by both plants and an1ma1s.-pﬁ*ir

In some waters it may be a 11m1t1ng factor for the. growth of a1gae and otherx"

pTants, espec1a11y this is true 1n some mar1 1akes where it is prec1p1tated _

by the.h1gh1y_a1ka11ne ‘conditions. - It is a v1ta1 oxygen transport mechan1smff

in the blood of all vertebrate and some-1nvertebrate an1ma}s.

The'ferrous,'or bivalent (Fe**), and the ferric, or trivalent (Fet++)
'1rons, are the primary forms ‘of concern in the aquat1c env1ronment although ;
other forms may be in organic and 1norgan1c wastewater streams.‘ The ferrousftg
-~ (Fe*ty form can persist in waters votd of_dt;so1ved oxygen and orﬁg1nates
“usually from groundwaters or mines when theseware pumped or drained. For
. practical purposes the ferric Fet™™) form is- insocluble. Iron can exist in
natural organometallic or humic compounds and colioidal forms. Black or

brown Swamp waters may contain 1ron concentrations of several mg/1 in the presence

- or absence of dissolved oxygen, but this iron form has litte effect on aquatic

N
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Tife because it is complexed or relatively inactive chemically or
physiologically.

In stratified lakes with anaerobic hypotimnia, soluble ferrous iron
occurs in the deep, anaerobic waters. During the autumnal or vernal avertuins
and with aeration of these lakes, it is oxidized rapidly to tha ferric ion
that precipitates to the bottom sediments as a hydroxide, Fe{DH)3, or with
other anions. If hydrogen sylfide (HES) is present in anaerobic bottom
waters or muds, ferrous sulfide (FeS) may be formed. Ferrous sulfide is &
black compound and results in the production of black mineral muds.

' Prime iron pollution sources are industrial wastes, mine drainage
'-wabers, and iron-bearing groundwaters. In the presence of dissolveqd Oxygen,
- iron-in water from mine drainage is precipitated as a hydroxide, Fe(0H),.
These yellowish or ochre precipitates produce "yellow boy" deposits found
.fn many streams dréining coal hining regions of Appalachia. Occasionally
_ferric oiide'(Fezoj) is prec1pitated forming red waters. Both of these
prec1p1tates form as gels or f]ocs that may be detrimental, when suspended
in water, to f1shes and other aquatic 11ife. They can settle to form flocculant
_ mater1d1s that cover stream bottoms thereby destroy1ng bottom-dwelting
1nvertebrates plants or 1ncubat1ng fish eggs With time these flocs can
“consolidate to form cement- 11ke mater1a]s thus - ‘consolidating bottom gravals
into pavement-like areas that are unsuitable as spawning sites for nest
building f1shes; particularly this is detrimental to trout and salmon
populations whose €995 dre protected in the 1ntersti¢es'of gravel and

incubatediwith oxygen-bearing waters passing through the gravel.
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RATIONALE :

Iron is an objectionable constftuent;tn-water_;udp]iés“fdrieitheredomésttcf,i"
or industrial use.. Iren appretiab?y’éffects the taste of beverages (Rﬂddick"!

et al., 1958) and can stain laundered clothes and p1umbinq fixtures. A study'

by the Public Health Service (Cohen. et al , 1960) 1nd1cates that the taste 7
'of 1ron may be detected readily. at 1 B mg/l 1n spring water and at 3. 4 mg/l
| in distil]ed water, e ' A
" The daily nutr1t1ona1 requ1rement for {ron 1s 1 to 2 mg, but 1ntake of
larger quant1t1es is requ1red as 2 result of poor absorpt1on.e D1ets contain
7 to 35 mg per day and average 16 mg (Sol1man 1957). The iron criterion in
water {s o prevent obJect1onab1e tnstes or 1aundry sta1n1ng (0 3-mg/1)

" constitutes only a small fractfon of the iron normally consumed and is of

aesthetic rather than toxicological significance.

warn1ck and Bell (1969) obta1ned 96 ~hour LC50 va]ues of 0, 32mmll 1ron

iBrandt (1948) found iron toxic to carp, Cypr1nus“carp10, at conceqtrattpnsﬁofuv

0. 9 mg/1 when the pH of the water was 5.5, Pike, Esox'luc1us,iaﬂd'trduti"i' :

(species not known) died at iron concentrat1ons of 1 to 2 mg/1 (Doudoroff
and Katz. 1953},

Geté'Found until the waters were d11uted-or the iron had precipitated to

effect a concentratidn of less than 1.0 mg/1 even though other-watef'qu311t§

constituents measured were suitable for the presence of ‘trout (FNPCA 1967)

Ferric hydroxide flocs have been observed to coat. the g1lls of wh1te perch

Roccus americanus; minnows and silversides, Menidia sp. (Olsen, et al.,

- In, an 1ron po11uted Co1orado stream nejther trout nor- other f1sh~\_"



‘1§4I§. The smothering effects of settled iron prec1p§tates may be particularly
~detrimental to fish eggs and bottom-dwelling fish fodd organisms. lron deposits

in the Brule River, Michigan and Wisconsin werc found to have a residual iong-

term adverse effect on fish food organisms even atter the pumping of yron-

_ bearing'waters from.deep shaft iron mines had ceased (West, et al., 16€3).

Sett1ing iron flocs have also been reported to trap and carry diatoms downward

. in waters (Olsen, et al., 194])

E114s (1937) found that in 69 of 75 study sites with good fish fauna,

.the iron concentrat1on was less than 10.0 mg/1. The European Inland .Fisheries
- Adv1sory Commission (1964) recommended that iron concentrations not exceed

: 1.0 mg/] 1n waters to be managed for aquatic life.

Based on fie]d observat1ons principa11y, a criterfon of 1 mg/1 iron

for freshwater aquatic 1ife is believed to be adequately protective.

~ As noted, “data obtained under laboratory condltlons suggest a greater

toxicity for iron than that obtALned in natural ecosystems Anbient

natural waters will vary w1th respect to alkalinity, pH, hardness,

.ten@erature and the presence of llgands which change the valence state

and solublllty, and. therefore the taxlclty of the metal

_ The effects of iron on mer;ne 11fe have ot been 1nwest1gated adeqeately

to detennine a water quality cr1ter1on Disso1ved iron readily precipitates
in a1kaline sea waters " Fears have been expressed ‘that these settled 1ron '

flocs may have adverse effects on 1mportant benthic commercial mussels and

other she11f15h resources.
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Iron has not been reported to have a direct effect on: the recreationai

b

i__uses of water other than its effects on aquatic life. Suspended iron precipitates

. oomay interfere with swimming and be aestheticaiiy objectionable. Deposits ‘of | veliow

ochre or reddish iron oxides can be aestheticai]y objectionabie

Iron at exceedingiy high concentrations has been reported to be toxic-to

1ivestock and interfere with the- metaboiism of phosphorus (NAS 1974)'

Dietary suppiements of phosphorus can be used to overcome this motaBolic
defi61ency (McKee and Wolf, 1963) In aerated soiis, iron in irrigation waters
-is not toxic. Precipitated iron may comp]ex phosphorus .and moiybdenum making
‘them less avaiiabie as piant nutrients. -In aikaline soils, iron may*be $0 lﬁ
insoluble as to be deficient as a- trace eiement and resuit in chiorosis, an.

_ objectionabie piant nutrient deffciency disease.” Rhoades (1971 reported a
reduction in the quaiity of tobacco because of precipitated iron oxides on

the ieaves when the crop was Spray irrigated with water containing 5 mg/1

'of soiubie 1ron

For some industries. 1ron concentrations in process waters lower-than

_that prescribed above for public. water supplies are required or desirabTe.
Examples {nciude high pressure boiier feed waters, scouring. bieaching.

and dyeing of- textiies. certain types of paper production, some chemicais*

some food processing; and leather finishing_industries..

IS0
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LLEAD

CRITERIA:
50 ug/1 for domestic water supply (health);
‘0,01 times the 96-hour IO value, using the recea.vmg
or comparable Water ag tge diluent and soluble lead

measurements (non-tiltrable lead using an 0.45
micron filter), for sensitive freshwater resident species.

INTRODUCTION:

In addition to their natural occurrence, lead and its compounds
may enter and contaminate the global environment at any stage during
mining, smelting, processing, and use. The annual increase in lead

consumption in the U.S. during the 10-year period from 1962-197]

averaged 2,9 percent, largely due to increased demands for electro-

chemical batteries and gasoline additives (Ryan, 1971). In 1971 the
total U. 5. lead consumption was.1, 431, 514 short tons, of which 42
percent came froi’n recycled lead (Ryan, 1971). Of the 1871 U, S. lead
consumption, approx;mately 25 percent was as metalhc lead or lead
alloy (Ryan, 1971; NAS 1972) Non*mdustnal sources that may
contribute to the poss1b111ty of mgestmn of lead by man include the
indoor use of lead-bearing- pamts and plaster, 1mpr0perly glazed
earthenware, lead fumes on ashes produced 1n burning lead battery

casings, and exhaust from mternal combustmn engines,

Most lead salts are of low solub111ty Lead exists in nature mainly

as lead sulfide (galena), other common natural forms are lead carbonate

Tcerussute), lead sulfate (angle51te). and lead chlorophosphate

(pyromorph1te) Stable complexes result ,al_so from the 1nteract10n of
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lead with the sulfhydryl, carboxyl, and amine coordination sites . ‘

characteristically found in living matter. The toxicity of lead in water,

like that of other heavy metals. is affected by pH hardness, organic

r

materials and the presence of ther metals. The agueous solub111ty

of lead ranges from 500 ug/l in soft water to 3 ug/l in hard water,

Lead enters the aquatic e’nvir_oument through precipitatiOn.- lead - -
dust fallout, erosion and leaching of soil, municipal and indtist::-ial
waste discharges, and the runoff of fallout deposits from streets and
other surfacés. Extrapolations from recent studies (EPA 1972
Un1vers11:y of Illinois, 1972) indicate that natlona.uy as much as 5, 000

tons,of lead per year may be added to the aquatm enmronment as a.

result of urban runoff.

Med:.terra.nean and Pac1f1c surface waters conta.m up to 0.20 and

0. 35 mg/ 1 of lead respectwely (NAS 1972). which is about 10 times ..

the estimated pre -mdustr:.al lead content of marine waters. The lead \/ o
content of rivers and lakes also has increased in recent years (NAS, .
1972). It may be inferred fro.m‘avail.able data that the mean natural
1¢ad content of the world's lakes and rivers ranges from 1 to 10 ug/l
(Livingstone, 1963); the lead content of rural U, S. éoilé is 10 to 15
ug/g (Chow and Pattérson. 1862), and the usual range of lead-in-goil
concentrations is 2 to 200 ppm, exclusive of areag near leéd ore
debosits (Motto, et al., 1970), although many urban soil concentrations

are much higher,

In the analyses of over 1, 500 streain samples, Kopp and Kroner

(1967) report that lead was observed at measurable levels with a
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frequency of under 20 percent. The mean concentration of the positive
occurrences wag 23 ug/l. The highest incidence of occurrence of lead
was observed in the Wesgtern Great Liakes Basin where the frequency
was slightly above 40 percent. The highest recorded concentration

was 140 ug/l in the Ohio River at Evansville, Indiana.

RATIONALE:
As far as is known, lead has no beneficial or desirable nutritional

effects, Lead is a toxic metal that tends to accumulate in the tissues

_ of man and other animals. Although seldom seen in the adult population,

irreversible damage ‘o the brain is a frequent result of lead intoxi-

cation in children. Such lead intoxication most commonly results from ingestion of
lead-containing paint still found in elder_ homes. The maj.or toxic

effects of lead inciude anemia, neurological dysfunction, and renal

impairment. The .most,co_mmon symptomsg of lead poisoning are anemia,

severe infestinél cramps, p-e.raluysi_s of nerves (particularly of the arms

and legs), loss of appetite, and fatigue; the symptoms usually develop

slowly. High levels of expesur-e-p.roduce severe neurologic damage,
--often manifested by encepha}.Opathy and con-vulsion‘s--such' cagesg frequently

- aré fatal, Lead is strongly suspected of producmg subtle effec’cs {i.e.

effects due to 1w level ar long tenn expom:res msuff:.c:.ent to produce

. overt syrrptcms) such as mpa.u:ed neurolog:.c and rrotor developne.nt and
‘renal damage in children (EPA, 1973). Subc]_wmlcalr lead effects are

distinct from those of residual damage following lead intexication.

Biochemical effects of lead include inhibition of erythrocyte delta-

aminolevulinic acid dehydrase (ALAD) activity, increased urinary

Yo\



O gt 48 TR

excretion of delta-aminolevulinic acid (ALA-U), and increased blood .
lead 'concentratiqn. ‘The increase in ALA-~U is of particular interest

because it -r&rely is produced bjr any substance other than lead; it is

- related directly to inhibition of"ALA.D the enzyme that converts ALA-U

to pozpmbllungen Recent. work :.nd:.cates that lead mterferes with

heme blosynthesm, and thus elevates ALA‘-H exc:ceta.on, at levels well

below 40 ug/100 ml whole blood (Secch:l. et al., 1974; Haeger-Aronsen,

et al,, 1974). As a result of this work, the Center for Disease Control
has reccumended that the upper limit of normal for leadmthe blood

of children be revised downward from 40 ug to 30 ug/100 ml whole blood. An

ad hoc committee, appointed by the U. 8. Public Health Service to

“establish a daily permlssuble intake of lead w1thout excessive body lead

burden in children, concluded that the level of such intake is 300 ug

from all sources (King, 1971). The gastrointestinal absorption and

 retention of lead is greater in children than in adults, 53 percent and -

18 percent, feSpéctively, as shown in recent studies (Alexander, et
1., 1973). The average daily intake of lead from diet and air among
young children p'.robably. amounts to up to 2/3 of the daily permissible
inteke. leaving a very narrow margin of safety (King, 1971; Lin~Fu, -
1973). Compared to adults, food and air intake by children is
proportionally greater than their weight, e.g., al-year-old child,
with only about 1/7 of the body weight of an adult, has 1/4 to 1/3
of the daily adult air intake and 40 to 60 percent of the dietary intake
of an adult (NAS, 1872), so that his lead ir;take is proportionally
greater on a body weight basis. Ale:ﬁan_der, et al. .(19'73) have

suggested a daily limit of lead intake for 0-5 year-olds of 10 ug/kg.
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Considerable evidence has been developed demonstrating that laboratory
animals on high lead dosages show teratogenic effects; however, no such
effects have been cbserved in cattle or sheep {(NAS, 1972), Epidemio-
logic studies have demonstrated no relationship between lead exposure
and cancer incidence in man, but it is known that lead at concentrations

of one percent or more in the diet causes renal cancer in rats (NAS, 1972).

The lead content in public water sﬁpplies in the U.S. in 1982
ranged from traces to 62 ug/l (Dufor and Becker, 1964). Continuous
monitoring of the U.S. water supplies since 1962 has demonstrated
that their lead content has, in é'eneral, not exceeded the U. S, Public

Health Service standard of 50 ug/l (USPHS, 1962). McCabe (1970)

reported on 2, 595 distribution samples and showed that 73 percent

contained less than the USPHS limit. McCabe, f’l?.].: (1970) found

that the range of lead concentrations in finished U.S. community"

water was from non-detectable to 0. 64 mg/l. -Of the 969 water supplies
surveyed, 1.4 percent exceeded 0. 05 mg/1 of lead, ' Five of the water
supplies in thié sample contained sufficient lead to equal or exceed
Kehoe's.(19.66).estimaté.d-_.. maximum safe level o'__f lead intake (600 ug/day)
without considering the possible additional contributions to the total
intake by other sources énd routes of eprsure. In drinking water 1eéd .

should be kept to a minimum; a criterion of 50 ug/1 is attainable and

protective. ‘Experience indicates that fewer than four percent of the

water samples analyzed exceed the 50 ug/l limit and that the majority
of these are due to corrosion problems and are not due to naturally

occurring lead content in raw waters.
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For the fathead minnow, Pimephales promelas, Pickering and

Henderson (1 96&) have determined the 96-hour TLm values for lead

(chloride) to be 5.6 to 7.3 mg/1 in soft water (20 to 45 mg/1 as CaCO 3)

Brown (1968) reported a 96-hour LCgq of 1 mg/l for rainbow trout,

Salmo gairdneri, in soft water (50 mg /1 as CaC03)' The Qs?hour '

LCpq value for lead in hard water was 482 mg/ 1 for fathead minnows

' (Pickering and Henderson, 1965) Other short-term fish toxicity data

are in Table 5,

Preliminary information on 2- to.3-month exposures of rainbow and
brook trout indicated detrimental effects at 0.10 ing]l of lead in soft

water (20-45 mg/l as CaCO3) (NAS, 1974). Growth of guppy species

‘was affected by 1. 24 mg/1 of lead (Crandall and Goodnight, 1962); Johes

(1939) and Hawksley (1967) found ‘chronic or sublethal effects on three-
spine st1cke1back species from lead concentra’nons of 0.1 and 0.3 mg/l

and the conditioned behavwr of goldfish, Carassius auratus, in a light-

dark shuttlebox was adversely affected by 0. 07 mg/l of lead in soft

water (50 ppm CaCO 3 added to deionized tap water) (Weir and Hine, 1970),

A concentration of 30 ug/1 lead in a 3-week expoéure produced 16
percent reproductive impairment in Daphnia magna in water with a hard-
ness of 45 mg/1 CaCO; (Biesinger and Christensen, 1872). The 96-hour
LCgqy for rainbow trout speécies in hard water (é.lkalinity 243 mg/1) for
total lead was 471 mg/1 and the highest mean continuous flow concen-
tration that did not have an adverse effect on survival, growth, and

reproduction was 0.12 and 0. 36 mg/1 (Davies and Everhart, 1973).

%
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For dissolved lead, the 96-hour LCg; was 1,38 mg/l and the

no-effect level was 18 to 32 ug/l. Total and free lead were considered
to be the same in soft water. The 18-day LCSO in soft water {alkalinity
26.4 mg/1) was 140 ug/1 and the highest mean continuous flow con-

centration that did not have an adverse effect on survival, growth

‘and reproduction was 6.0 to 11.9 ug/l., The no-effect concentrations

were determined on the occurrence of abnormal black tails caused

by chronic lead exposure. Acute toxicity values for several species

of fish in water of various qualities are presented in Table 5, When

- referring to this table, the reader should consider the species tested,

B, alkalinity, and hardness #f alkalinity is not given -(in most natural
waters alkalinity parallels hardness). In general, the sajironids are
moét sensitive to lead in soft water, but the influence of pﬁ, and
other factors cn the solubility and form of the lead preclude the

recomrendation of a freshwater criteria based on acute toxicities alone.
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Table 5
The weute toxicity (2h-, UB~, 96-hr. TLSO values) of lead to several epecies of fish in water of various water qualities.
Exposure C
. time Exposure Temperature Concentration
Species Bize Compound {hr}- type (°c} (mg/1) pH Alk, H4. Reference
Rainbow trout “31.5 g/fish Fo{B04) > 2y F.T.® 1.7 3.T5 P 7.15-T.5 L1-k2 U3-4s 1
(Salte gairdneri)
Rainbow treut 24 g/f1ich . Pb(!03)2 96 8% T 1.38 free Pb 6.89-8.78 . T-21 300 3
"132 pm/fieh o 228 in control
Raintov trout 2k g/tich Po{H0,}, 96 8 T L7l Pb 6.85-8.78 7-21 300 3
“132 mm/f'ish . 228 in control
. Ralobov trout ~5.9 g/fish Po(NO,), 96 8 13.8-34.2 542 Pb 6.23-7.17 6-25 185 3
~B5.9 mn/fish . 226 in control -
Brook trout ~102 g/fish P (Ro.), 96 F.T. 12 L5 Pv 6.9-T.1 53 s 1
{salvelinus '
fontinalis)
Brook trout ~ 40 gfrisk Pb(li03}2 96 F.T. 14 5.8 Fb T.0-T.% Lo-L2 L3-bs 1
Coho Salman U—vk, post- PCL, %6 s 10 0.8 Tb - - 1726 2
(Oncorhyneus hatch ) : '
kisutch)
Coho Salmen S-vk. poat- FbCl, 96 -8 10 0.8 m - - - 17-26 2
hatch -
Coho Salmon 6-vk. post- e, 96 s 10 0.52 Fb - - 17-26 5
h_atch o
Coho Selmon Tvk. post- L, 95 8 10 0.52 Tb - - 1726 5
hatch .
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The acute toxisity (24—, bB~, 56-hr. TLSO values) of 1ead to ‘several specicn of rish in water of Various

water qualities.

1.5-2.5 in./fieh

Bxpooure .
. ] . . timg Expooura Tomporature Concentration . :

Specien Size _Oompound’ : {hr) type (e} {mzf1) - pil Alk. AR Refepenea
Sticklebacks - - L9 8 . = 0.1 Fb 1.0-8.5 - - 4
{Gasterosteus '

aculestus)
Mosquito [{eh Adult Femajes Pb(nos)e' 24 g 22-24 2Lo Pn(lm3 '2 1.7-6.3 400 -~ 9
{Gezbusia affinie) . L {150 Pb)
Mosquito fish . Adult Femeles Pui{mo_ ), 48 8 22-24 2Lo Pb{No,_ ) T.7-8.3 = <00 - 9
. 32 . 3’2
. {150 Fb) °
Moaquito fish Adult Females Pt:(xma)2 96 B 22-24 2ho Pe(NO )i T7.7-8.3 <100 - 9
: ‘ {130 Pp) 3 .
" Mosquito fish AQult Pemales  Lead oxide 2y 8 18-20 56,000 PbO 7.1-7.2 <00 - 9
¢ . )
Mosguito fish "Adilt Fenales Lend axide " k8 8 18-20 »>56,003 PbO 7.1-T.2 <00 - - 9
Mosquito Fish Adult Females Lesd exide 95 s 15-20 »56,000 Ppo T.1-T.2 <400 - e
Gold [ishb ) :
(Cerasaiug ouratug}) 1-2 g/fish FBCL, 24 g 25 L5,k Ph T.5 18 20 6
1.5-2.5 in./rioh . .
Gold fish 1-2 g/rish FBCl, L8 [ 25 1.5 P 1.5 18 20 6
1.5-2.5 in./rich . :
Gold riah’ 1-2 g/fish Fbal, 96 5 25 3.5 Pt 7.5 18 20 é
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The scute toxtcity (24—, M8, 96-hr. TLSO values) of lcnd to several species of fish in water of various water qualities. -

. ’ time Exposure M?eratm Concentration ’ .
Soeciea Size Compound {ur) type °gc) . (=g} pH AlX, H). Peference
Gupples 0.1-0.2 g/fish . PbLl, 2% B - 25 24,5 Py 1.5 18 T20 6
Poecilia 0.75-1 in./fish , :
reticul.tes) _
Gupples 0.1-0.2 g/fiah 7, Y 8 25 k5 Py 1.5 18 20 6
0.75-1 in./fish “ ' : .
Gupples 0.1-0.2 g/fish e, 96 B .25 20,6 Fb 7.5 N L. R 20 6
. : 0.75-1 in./fich . i _ -
Bluegille " N | ; e .
( 1s i-2 gf/fish Ma _ 8 .25 _'?5-9 b 7.5 : 1 ‘ 20 :
"m”""' n?raa) 1.5-2.5 in./¢ish A ' _ }
Bluegilla 1-2 g/rish e, 1 8 g8 oh,5 Py 7.5 18 20 . 6
1.5-2.5 in./fieh :
Blusgills 1-2 g/rish mel, 96 ] 25 . 238 1.5 T} 20 [
1.5-2.% in./fish B o .
Bluegills ~5 g/tish (LR R 24 B 20 2.0 Pb 6.9-T.5 3381 8h-163 8
~T cmffish : - : : _
Bluegilla ~5 g/rish (cz“s’k"" 1} 8 20 1.h 6.9-7.% 338 84%-153 8
~7T cnfripgh ) .
Bluegille 1-2 g/fish PbC1, 24 8 " 28 he2 v - _ 82 300 360 6
1.5-2.5 in./fish o PR - .
Blusgills 1-2 g/rish | oL, 48 8 25 " h68 P 8.2 300 360 6
1.5-2.5 in./fish ;
Bluegilis 1-2 g/fish PoCl, 8 25 Lh2 b 8.2 300 350 &

1.5-2.5 in./fish

A
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: ‘ . , ' sar e St ..
The acule toxicity {(2h-, 48-, 96-hr. TL50 values) of lead to scveral species of fish in water of Various water qualities.

Exposure °
o time Exposure Temperature Concentretion
Spevies _Size Gompound .~ " (hr}) - type (°c) . {mz/1) pH Alk. Hd. _ Reference
Fatheads Cil-2g/tien POl 0 -2k - S - 25 7 B.18-11.5 m 7.5 18 20 6
(Pimephales 1.5-2.5 in./fish ) : )
promelas) : C
Fatheads 1-2 g/fish S 4 ... L8 8 25 5.99-11.5 Pb T.5 18 20 6
: 1.5-2.5 in./fish’. : o
Fatheads - . 1-2 g/fieh . -P‘\‘ac12 e g6 8 25- 5.568+7.33 Pb 7.5 18 20 6
1.5~2.5 dn./figh ; : - ‘ '

Fatbeads T C f§°12 o ] F.T. - 1.1 Pb 7.4 18 20 B
Fatheads - - S - S 96 F.T. - 0.97 Fo T 18 20 5
Fatheads - ' . moal, : 9% s - 5.6 T 7.4 18 20 5
Fatheeda - _ PuCl, - 96 - - 2.4 Py 7.4 . 18 20 7
Fatheada 1-2 g/tisn  PBG,H0,), 30 2k s 25 1.6 o 1.5 18 20 3

- 1.5-2,5 in./fish. ’
Fathesds 1-2 g/fiuh  PB(CH,0,),°3K0° 4B 8 25 10.% Pb 7.5 18 20 6
1.5-2.5 in./fish .

Fatheads 1-2 g/fish  PB(C,H,0,) *3H .0 96 B 25 T.48 Pb 7.5 18 20 &

1.5-2.5 in/rish -

Fethooeds 1-2 g/fish Pb(:12 2h ] 25 Lg2 Pb 8.2 . 300 36¢ [

. 1.5-2.5 in./fish

Fotheads 1-2 g/fish © PECL, . 18 8 25 L82 rb 8.2 300 36C 6

1.5-2.5 1in./fish

Fatheads 1-2 g/fish - e, - g6 5 25 L82 Fb 8.2 300 360 6

1.5-2.5 in./Tish

Fatheads - mel, 46 5 8.2 Lao
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There are few data from which to draw conclusions about the
relationship of safe levels for a given species in hard and soft water,
The differences in lethal levels between very soft and very hard water
is 100 to 500 times because of insolubility and precipitation. The
gingle source éf information for chronic and acute effects in hard
and soft water is for rainbow trout (Davies and Everhart, 1973)

and shows these significant factors:

Hardwater data were reported. in terms of both total
and free lead, The sté.tic acute hard water bicassay
‘(meani hardness, 353.5 mg/l; methyl orange alkalinity,
243 1 n‘g/l and pH, 8.02) dem)nstrated S6~hour 'I'L
{50 percent tolerance l:m:.t) mwentra't':t.m of 471 rng/l
total lead and l..38,mg/1 free lead.

In the chronic hard water tests, lead-attributed
mortalities occurred at levels of 3240 ﬁg/l total lead
. and 64 ug/l free 'lea.d' rwhile the maximum acceptable
tox:.cant cmcentratlons, based on the cccurrence of
black ta.lls,- were fomnd to be 120 ug/l to 360 ug/1
ttﬁ:alleadandlﬁug/ltoﬂug/lfreelead

Soft water data were reported in terms of free lead.
The flw—through' acute softrwater bicassay {mean hardness,
27 2 mg/l rethyl orange alkal.uuty, 26.4 mg/l,
pI-I 6. aa) derronstrated an 13—day 'ﬂ'so (50 percent tolerance
: l_l.ma.t) of 140 ug/l free lea.d '
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In the chronic soft water tests, leadrattributed
mortalities ocourred in fry and fingerling fish at a , o N
concentration of 95.2 ug/l, while thres-yeai-old brood "

Es]ah produced viable eggs and fry when exposed to any ‘ . _ e

<

but the hlghest (27 9 ug/l) concentrat:.on The maximmm
acceptable toxicant concentration, based on the occurrence

ofblacktan.ls,wasdetennmedtobebemeenllBandGOug/l.

.

A cr1ter1on 1nvolv1ng an apphcatmn factor of 0. 01 mu1t1p11ed by the

- . acute 86-hour L(xy, value expressed as dlssolved lead is used to

estimate the safe concentration for various fish SpeCIES.l Based upeon - i
the existing data, as well as upon the sens'itivity of various species of |
fish to other metals, it is highly probable that salmon, trout,”

minnows and catfish will be especially sensitive to lead as compared

to bass, sunfish and perch. Therefore, tests for acute toxicity should ' \/

be performed on the more sensitive species when establ_ishing stendards
for lead. This approach requires the experimental determination of

LC 50 values before a criterion can be determined, but the extreme
effect of various water characteristics on lead solublllty and toxicity

warrants this additional effort.

Berry (1924) found that a concentration of lead nitrate of 25 mg/1
was required to cause toxic effects to oats and tomato plants. At.a

concentration of 50 mg/l, plant death occurred. Hoppef {1937) found

_that 30 mg/1 of lead in nutrient solutions was toxic to bean plants.

4
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Wilkins (1957) found that lead at 10 mg/1 as lead nitrate reduced root
growth. Since dissolved lead contents in soils were usually from 0.05
to 5.0 mg‘/kg (Brewer, 1966), little toxicity can be expected. It was
shown that the principal entry of lead into plants was from aerial de-
posits rather than from absorption from soils (Page, st al., 1971},

indicating that lead that falls into the soil is not available to plants.

There is no question that some marine organisms can concentrate
the lead present in sea water. Wilder (1952) reported lobster dying in
6 to 20 days when held in lead-l_ined tanks. Calabrese, et al. (1973)
found a 48-hour LC ;50 of 1730 ug/l and a 48-hour LCgg of 2450 ug/i for

oyster, Crassostrea virginica, eggs. The remarkable ability of the

eastern oyster, Crassostrea virginica, to concentrate lead was demon-

strated (Pringle, et al,, 1968) by exposing them to flowing sea water
containing lead concentrations of 25 ug/1, 50 ug/l, 100 ug/i, and 2€0 ug/L;
after 49 days, the total accumulation of lead amounted to 17, 35, 75, and -
2b0 ppm (wet weight), re5pec'ti_ve1y, and those oysters exposed'to the
two highest lead levels, upon gross examination, showed considerable

: a’l;rophy' and diffusion of _the_'gona.-dal t_issﬁe. . .edeina, and less distinction

of hepatopancreas and mantle edge,

North and Clendenniﬁg (1958) reporterd that lead nitrate at 4.1 mg/1
of lead showed no deleterious effect on the photosynthesis rate in kelp,

Macrocystis pyrifera, exposed for four days. However, there are

insufficient data.upon which to.hase a:marine criterion at this time.
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MANGANESE

CRITERIA: _
50 ug/1 for domestic water supplies (welfare);

100 ug/1 for protection of consumers of marine mollusks.

INTRODUCTION:

Manganese dees not occur natura11y as a metal but is f0und in
various salts and minerals, frequent1y in assoc1at1on with iron compounds.
The principal manganese-containing substances are manganese dioxide (Mn0s},
pyrolusite, manganese carbonate (rhodocrosite) and‘ménganese‘s11icate
(rhodonite). The oxides are the only important minerals mined. Manggnesé_‘
is not mined in the United States ekcept when.manganése is'contained‘in

jron ores that afe déTiberate1y uséd-to form ferro-manganese alloys.

The primary uses of manganese are in metal alloys, dry cell batteries,
micro-nutrient fertilizer additives, organic compounds used in paint driers
and as chemical reagents. Permanganates are very strong oxidizing agents

of organic materials.

Manganese is a vital micro-nutrient for both planfs and animals.
When manganese is not present in sufficient quantities, plants exhibit_
chlorosis (a yellowing of the leaves) or failure of the leavés to develop
prgperly.  Inadequate quantities'of manganese in domestic animal food
results in reduced reproductive capabilities and deformed or poorly
maturing young. Livestock feeds usuai]y have sufficient manganese, but

beef cattle on a high corn diet may require'a supptement.
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RATIONALE:

Although inhaled manganese dusts have been reported to be toxic to
humans , manganese normally is ingested as a trace nutrient in food. The
average human intake is approximately 10 mg/day (Sollman, 1957}, Vvery
large doses of Tngested manganese can cause some disease and iver danage
but these are not known to occur in the United States. Only a few
manganese toxicity problems have been foundthroughout the world and these
have occurred under unique circumstances, i.e., a well in Japan near a

dep051t of buried batteries (McKee and Wolf, 1963).

It is possible to partially sequester manganese w1th special treatment
but manganese is not removed in the conventional treatment of domestic
waters (Riddick, gt.gl.,_]QSB; I11ig, 1960). Consumer complaints arise
when manganeSe exceeds:a concentration of 150 ug/1 in water supplies
(Gritfin, 1960). These complaints are concerned- primarily with the brown1sh
staining of laundry and obaect1onab]e tastes in beverages. It is possible
that the presence of Tow concentrations-of iron may intensify the adverse
effects of manganese. Manganesé at concentrations of about 10 to 20 ug/1
is acceptab]e to most consumers. A cr1ter1on for domestic water suppiies

of 50 ug/1 shoqu minimize the obaect:onab]e qualities.

McKee and Wolf (1963) summarized data on toxicity of manganese to
freshwater aqUatic life. Iohs of manganese are found rarely at concen-
trations abdve 1 mg/1. The tolerance values reported range from 1.5 mg/1
to over ]OOO‘mg/]. Thus, manganese is not considered to be a problem ir
fresh waters, Permanganatesthavé been reﬁorted\to ki1l fish in 8 to 18
hdurs at concentrations of 2.2 to 4.1 mg/1, but permanganates are not

" persistent because theyrrapidly oxidize organic materials and are
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thereby reduced and rendered nontoxic.

Few data are available on the toxicity of m&ngahese to marine
organisms. The ambient concentration of manganese is about 2 ug/l
(Fairbridge, 1966). The material is rapidly assimilated and bioconcen-
trated into nodu1e§ that are deposited on the sea floor. The major
‘problem with manganese may be ccncentration in the edible portioné of
mollusks,as bioaccumulation factors as high as 12,000 have been réhorfed

(NAS, 1974). In order to protect égainst a possible health hazard to

humans by manganese accumulation in shellfish, é;critér1on of 100 ug/1

is recommended for marine water.

Manganese is not known to be a-problem in ﬁatékrbonsumed by 1ivestock.
At concentrations of slightly less than 1 mg/1 to a féW'm11ligrams pef
liter, manganese may be toxic to plants from irrigation water applied to
soils with pi values lower than 6.0. The problem may be rectified by
liming SOils to increase the pH. Problems may develop with long-term
(20 year) continuous irrigation an other soils with water containing about
10 mg/1 of manganese (NAS, 1974). But as stated above, manganese rarely -
is found in surface waters at concentrationé greater than 1 'mg/l. Thus
no specifié criterion for manganese in agricultural waters is proposed. In
select areas, and where acidophilic crops are cultivated and irrigated,

a criterion of 200 ug/l is suggested for consideration.

Most industrial users of water can operate successfully where the criterion
proposed for public water supplies is observed. Examples of industrial
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tolerance of mangansse in water are sumnarized for industries such as
dyeing; milk processing, paper, textiles, photography and piastics
(McKee and Wolf, 1963). A more restrictive criterion may be needed

to protect. or ensure product quality.
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MERCURY

CRITERIA:
2.0 ug/1 for domestic water supply {health);
0.05 ug/1 for freshwater aquatic 1ife and wildlife;
0.10 ug/1 for marine aquatic 11fe.

INTRODUCTION:

Mercury is a silver-white, liquid metal solidifying at -32.9° ¢
to form a tin-white, ductile, malleable mass. It boiis at 356.9° , has
a specific gravity of 13.6 and a vapor pressure of 1.2 x 10'3 mm ~f
mercury, Mércury has three oxidation states: (1) zero {elemental merclry);
{2) +1 (mercurous compounds ); and (3) +2 (mercuric compounds). Mercury is
widely distr{buted.in the environment and biologically is a non-essentisl
or non-beneficial element. Historically it was recognized to possess a
high toxic potential and was used as a germicidal or fungicidal agent for
medical and agricultural purposes. '

Human poisoning by mercury or its compounds cTinica]]y has been
recognized. Although its toxic properties are well known, dramatic instances
of toxicosis in man and anfmals have occurred recently, e.g., the Minamata
Bay poiscnings (Irukafama,.gé.g;,, 1962;7Irukayama, 1567). In addition
to the incidents in Jdapan, poisonings have also occurred in Irag,

Pakistan and Guatemala as a result of ingestion of flour and seed treated

with methyl and ethylmercury compownds (Bakir, et al.; 1973). Mercwry fntewi-
cation may be acutas or chronic and toxic effects vary with the form of mercury
and its mode of entry into the organism. The mercurous salts are lass

soluble than the mercuric and cohsequent?y are less toxic. Fop man, the

fatal orail dose of mercuric salts ranges from 20 mg to 3.0.g (Stokinger, 1882).
Symptoms of acute, inorganic mercury poisoning inciude pharynéitis, gastro-

enteritis, vomiting followed by u]cerat1ve‘hemorrhagfc colitis, nephritis,
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hepatitis, and circulatory collapse. Chronic mercury poisoning results from
exposure to sma11 amounts of mercury over extended time periods. Chronic - : \\Tf/,
poisoning from inorganic mercurials most often has been associated with
industrial exposdre whereas poisoning from the organic derivatives has been
the result of acc1dents or environmental contamination. Alkyl compounds are
the derivatives of mercury most toxic to man, producing illness, 1rrevers1b1e
neurological damage, or death from the ingestion of amounts in milligrams ¥

(Berglund and Berlin, 1969).

The mercury content of unpo11uted U.5. rivers from 31 States where
natural mercury deposits are unknown is less than 0.1 ug/1 (wershaw,'1970)
Jenne (1972) found also that the maJor1ty of U S. waters conta1ned 1ess
than 0.1 ug/1 of mercury. The 1ower 11m1t of detection in these stud1es |
was 0.1 ug/1. Total mercury vaTues of 0.045 ug/1 recently were determ1ned

in Connecticut River water hy‘F1tzgera1d and Lyons (1973) using more

sensitive methods., Marine waters have been shown to contain concentrations

of mercury from a low of .03 to a high of 0.2 ug/1, but most marine waters N ;'

fall w1th1n the range of .05 to .19 ug/1 mercury (Robertson, et al., 1972).
Mining, agriculture and waste discharges contribute to the natura1 Tevels

found.

RATIONALE :

several forms of mercury, ranging from elemental to dissolved inorganic
and organic species, are expected to occur in the environment. The recent

discovery that certain microorganisms have the ability to convert inorganic and

]

organic forms of mercury tc the highly toxic methyl or dimethyl mercury

has ~.de a» form of mercury potentially hazardous to the environment -



{Jensen and Jeknelov, 1969). In studies on the biochemical kinetics of
mercury methylation, Bisogni and Lawrence (1973) demonstrated that in
water,under naturally occurring conditions of pH and temperature, inorganic

mercury can be cofiverted readily to methy Imercury.

Wood (1974) has argued further that whenever mercury in any form is
added to the aquafic environment, a combination of microbially catalyzed
reactions andlchemica1 equilibrium systems is capable of leading to steady
state concentrations of dimethyl mercury, methylmercuric ion, metallic
mercury, mercuric ion, and mercurous ion. Thus, it is evident that the .
total mercury level should be the basis for a mercury criterion instead

of any particular form in which it may be found within a sample,

Hannefz (1968), using 0.1 mg/1 of severa] mercury compounds in ponds,
concluded that algae and other aquatic plants accumulate mercury primarily
by surface adsorption. This study demonstrated that all of the mercury
compounds used were taken up by fish both directly from the water and from
food. The accumulation rate was shown to be fasf, while the eliminaticn

‘rate was slow, leading to conéentration factors of 3,000-fold and higher.
AcCording to McKim (19?4), concentration 'factors by fish in excess of
10,000 times tﬁe amount of mercury in the surrounding water have been

demonstrated.

In a test period of 20 to 48 weeks, several species of ffsh accu-
mulated more than 0.5 ug/gm mercury in-theirltissues from a water habitat
containing 0.018 to 0.030 ug/1 methymercury . (McKim, et al., In Press)

representing concentration factors of from 27,800 to 16,600.
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Quantities of ingested mercury safe for man can be estimatedrfrom
data presented in "Methyl Mercury in Fish" {1971). From epidemiolog1ca]
evﬁdence, the lowest whole-blood concentration of methylmercury assoclated

with toxic symptoms is 0.2 ug/g.' This blood concentration can be compared

~ to 60 ug/g mercury in hair. These values, in turn, correspond to prolonged

continuous exposure at approximately 0.3 mg/70 kg body weight/day. By
using a safety factor of 10, the max imum dietary intake from all soﬁrces.
including air, water, and food, should not exceed 30 ug/person/day mercury.
Although the safety factor is computed for adults, limiting ingestion by
children to 30 ug/day of mercury is believed to afford some lesser degree
of safety. If the exposure to mercury were from fish alone; the Timit
would allow for a maximum daily consumption of 60 grams (420 g/week) of
fish containing 0.5 mg/kg mercury. A drinking water criterion of 2.0 ug/1
would permit a daily intake of 4 ug mercury assuming an average consumption
of 2 liters of water per day. If the mercury ‘s not all in the alkyl form,

a greater margin of safety will exist.

The levels of mercury in tissues of livestock consumed by humans should

. not exceed 0.5 mg/kg mercury. The tissue concentration-of 0.5 mg/kg correlates

approximately with a blood level of 0.1 ug/l. A mercury level of less than
1.0 wy/l in livestock water is considered compatible with these concentrations,

thus a mercury congentration of 0.05-ug/id-will provide an adequate safefy factor,

several chronic toxicity tests have been conducted to measure the
adverse effects of organomercurials on survival, growth, and reproduction

of several fish species. In a 3-year chronic toxicity study involving
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three generations of brook trout, Salvelinus fontinalis, expesed to

methylmercuric chloride, gross toxic symptoms were observed after six-
months’ exposure of yearling trout to 2.9 ug/1 of mercury (McKim, et al.,

Ip Press). OSpawning cccurred at all lower mercury concentraticns-

tested, but the offspring of parental fish exposed to 0.93 ug/1 of

mercury exhibited reduction in growth 90 days after hatching. Aftgr 2t
months’ exposure of second generation fish to 0.93 ug/1, behavioral symptems
were noted, there was no spawning, and mortality was 94 percent. No
adverse effects were observed in the brook trout exposed to methylmercuric
chloride concentrations of 0.29 ug/1 mercury and below. A full Tife cycle
chronic toxicity test was conducted with fathead minnows, Pimephales
promelas, exposed to methylmercuric chloride (Mount, 1974). A1} died after
three months' exposure to concentrations of.O.BO and 0.41 ug/1 marcury.
Ninety-two percent of the fish exposed to 0.23 ug/1 mercury also died within
the three;month period. Spawning was comp]éte1j inhibited at 0.12 ug/1.
mercuryAwith males not developing sexually. Mo toxic effects were noted

- on survival or growth of the offspring produced in 0.07 ug/1 of mercury.

Two chronic toxicity tests were conducted with one invertebrate,

Daphnia magna. Mercury as mercuric chloride and methy]mercuric chloride

caused significant reproductive impairment at concentrations of 2.7 ug/l

and 0.04 ug/1 mefcury, respecti#ely {Biesinger, 1974).

Matidé, et al. (1971) found that the LCgg for phenylmercuric acetate,
methylmercuric chloride, and mercuric chloride with rainbow trout finger-

l1ings, Salmo gairdneri, were 8.5, 30, and 310 ug/1, respectively. Wobesar

{1973) examined the toxic1ty of methylmercuric chloride to two life stages
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of rainbow trout. The 96-hour LCgy for newly hatched sac fry was 24 ug/1

of mercury, while rainbow trout_finger]ings had a 96-hour LCso value of 42 ug/1.

Eisler {1974) found that concentrations of 1.0 ug/1 mercury represent
a distinct threat to selected species of marine organisms and, based on a
comparison with freshwater species, the accumulation of mercury is similar

in fresh and marine water.

Because of methylation and bioconcentration of methy]mercury, mercury
limits must take into cons1derat10n the food chain transport path from |
aqua*ic organisms to man. Regardless of - the: mercury form present the
-maJor portion of the mercury will u]timate1y reside in the bottom sediments K

where, through microbial action, mono-. and dimethy]mercury can be formed.

- These forms of mercury are bioconcentrated many-fo]d‘in fish and other

aquatic organisms because of the very rapid uptake and the relative inability
of the fish to excrete methylmercury from their tissues. As a result,
methylmercury in fish tissuee may exceed the 0.5 mg/kg FDA guideline. This
occurs in water concentrations that have no observed toxic effects on.the
fish.  Methylation rates are high]y-dependent'upon water quality conditions,
but sufficient evidence exists to suggest that the process can occur in the

pH range of 5 to 9 under aerobic or anaerobic conditions; hence, it is assumed

that methy]atioh can and will occur in natural waters.

Demethy1ation_processes can deplete methy1merqury‘concentrations in water.

Methylmercury aopears to nersist for sufficient time neriads, however to -allow

uptake by aquatic organisms. Hence, demethylation nrocesses can have an effect

on uptake rates of methylmercury, but do not terminate the transport path.
[t appears that the methylation process takes place at the water/sediment
interface, particularly in the sediment area in which the benthi¥ organisms

are most active. The movement of benthos within the sediments contributes

V3%
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results, which can be assumed to protect the human consumer of freshwater fish. It was

to the methylation process by physically expanding the area of water/
sediment interface. Through ingestion of the detritus in the sedimeats,
benthos acquire a body burden of mercury that will in turn bz trans-

ported to fish upon ingestion.

The FDA established guideline for mercury in edible fish is 0.5 ﬁgfkg.
Thus, the maximum level of mercury in receiving waters should be basad on
the premise that this level should not be exceeded. A mercury concen-
tratjon factor for certain freshwater Species has been shown to be in

excess of 10,000.

Upon dividing the 0.5 mg/l FDA temporary tolerance by the

16,000-fold accumilation factor, a level of 0.05 ug/l for total mercury in fresh water

=

pointed out above that 0.04 ug/1 mercury as methylmercuric chloride caused

- significant reproductive impairment to‘Daphnia magna. Recognizing, however,

that natural total mercury concentrations fn fresh water are in the same
range, and that a total mercury Tevel of 0.05 ug/1 would be divided among
several chemical forms which differ markedly in their toxicity, it is
believed that a ériterion of 0.05 ug/1 total mercury will offer a reasonable
level of protection to freshwater aguatic life as well as to the human -

consumer.

Recognizing that seawater contains about 0.1 ug/1 mercury and that
this level is 1/10 of that found by Eisler {1974) to represent a threat to
selected species of marine organisms, it {s recommended that the critericn

for the protection of marine aquatic 1ife be 0.1 ug/1.

194



gt b Y

REFERENCES CITED

Bakir, F., $.F. Damluji, L. Amin-Zaki, M. Murtadha, A. Khalidi,
N.Y. A1 Rawl, S. Tikriti, H.I. Dhahir, T.W. Clarkson, J.C. Smith
and R.A. Doherty, 1973. Methylmercury Poisoning in Irag. Science
181:230~240.

‘Bergiund, F. and M. Berlin, 1969. Risk of accumulation in men and mammaIﬁ and

the relation between body burden of methylmercury and toxic effects. In:

Chemical Fallout, Thomas, Springfield, I11. pp. 258-273..

Biesinger, K.E., 1974. Testimony in the matter of proposed toxic pollutant
effluent standards for Aldrin-Dieldrin, et al. FHPCA'{307) Docket No. 1,
Exhibit No. 14.

Bisogni, J.J. and A.W. Lawrence, 1973. Methylation of mercury in aerobic and
anaerobic environments. Technical Report 63, Cornell University Resources

and Marine Sciences Center, Ithaca, New York.

Eisler, R., ]974. Testimony in the matter of proposed toxic pollutant eff1uent
standards for Aldrin-Dieldrin, g}_gl, FWPCA (307) Docket No. 1.

Fitzgerald, W.F., and W.B. Lyons, 1973. Organic mercury compounds in coastal

waters. Nature, 242.

Food and Drug Administration, 1974. Poisonous or deleterious substances

in peanuts, evaporated milk, fish and shellfish. Propbséd Rules,

Federal'Register, Dec. 6, 1974, Washington, D.C.

Hannerz, L., 1968. Experimental investigations on accumulation of mercury in
water organisms. Fishery Board of Sweden, Institute of Freshwaler Research,

Drottinghofm, Report 48.

130

<



Irukayama, K., et al., 1962. Studies on the origin of the causative
agent of Minamata disease, [II. Industrial wastes containing mercury

compounds from Minamata factory. Kumamoto Medical Jour., 15(2):57.

Irukayama, K., 1967. The pollution of Minamata Bay and Minamata

disease, Adv. Water Poll. Res., 3:153.

Jenne, E.A., 1972. Mercury in waters of the United States, 1970-71. Cpen file

report, U.S. Geol. Surv., Menlo Park, California.,

Jensen, $. and A, Jerneloy, 1969. Biological methlyation of mercury in aquatic

organisms. Nature, 223.

Matida, Y., et al., 1971. Toxicity of mercury compounds to aquatic organisms
and accumulation of the compounds by the organisms. Bull. Freshwater Res,

Lab., Yol. 21, No. 2.

McKim, J.M., 1974, Testimony in the matter of proposed toxic pollutant efflusnt
standards for Aldrin-Dieldrin, et al. FWPCA (307) Docket No. 1.

McKim, J.M., et al., 1976. Leng texm effects of methylrercuric chicride

on three generations of brock trout (Salvelinus fontinalis);}toxicity,

accumilation, distribution, and eliminaticn. Jour. Fish. Res. B4,

Canada, (In Press’o

Methyl fiercury; in fish, 1971, A toxicologic-épidemiclogic evaluation of
risks. Report from an expert group. Nord. Hyq. Tidskr., Suppl. 4.

iq1



P g 1

Mount, D.I., 1§74.  Chronic toxicity of methylmercuric bhléréde -to fathead
minnow.,'iei$4monysjn the matter of proposed toxic effluent standards €or.
Aldrin-Dieldrin, et’al. FWPCA {307) Docket No. 1, Exhibit No. 4.

Robertson, E.E., et al., 1872, Battelle Northwest contribution.to the IDOE
Base-11ne Study, Battelle Northwest 1972 IDOE Workshop. p. 231.

- Stokinger, H.E., 1963. Mercury Hg237. In: Industrial Hygiene and Toxicoloay

Vol. 2, 2nd dd. F.A. Patty, Ed., New York.lnterscience,-p. 1090.

Wershaw, R.L., 1970, Mercury in the environment. Geological Survey Professional
Paper #713., G.P.0. '

Wobeser, 6.A., 1973. Aquatic mercury pollution: Studies of 1ts occurrence and
pathologic effects on fish and mink. Thests: Dept. of Vet. Pathology,

U. of Saskatchewan, Saskatoon, Canada.

Wood, J.M., 1974. Biological cycles for toxit elements in the environment.

Science, 183:1049.

\Ga

¢l

[N



MIXING ZONES

INTRODUCTION:

A mixing zone is an area contiguous to a diécharge where receiving water
quality may neither meet all quality criteria nor requirements otherwise
applicable to the receiving water. It is obvious that any time an effluent is
added to a receiving waterway, where the effluent is poorer in quality, there
will be a zone of hixing. The mixing zone should be corsidered as a place

where wastes and water mix and not as a place where effluents ‘are treated,

RATIONALE:

Because damage-to the aquatic resource can occur when qua]ity standards
are violated, the permissible size of a mixing zone 1is deﬁendeht upon the
acceptable amount of damage. The permissible size depends in:part on the size
of the particular receiving water; the larger the water body, the larger the
mixing zone may be w1thout violating quality standards in more than a given

percentage of the total area or volume of the receiving water. Likewise, the

* greater number of mixing zones within a reach of river or within a water bady,

the smaller each must be in order to maintain an appropriate mixing zone to

water body ratio. Future industrial and population growths must be considered

in designating such areas for wastes admixture.

As a guideline, the quality for life within a mixing zone should
be such that the 96-hour IC for biota significant to the indigenous
aquatic commmity is not exggeded the mixing zane should be free from
effluent substances that will settle to form objectionable deposits,
free fraom effluent—-éssociated materials that float to form unsightly

masses, and free from effluent-associated substances that produce chiect~

icnable color, odor, or turbidity.
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A prime purpose in designating the location, size,.and area constraints
of a mixing zone is to preotect the aquatic 1ife within the receiving waterway.
Shallow water areas, generally, are the nursery areae“for aquatic ecosystems.
Designating offshore_mixihg.areas or providing a larger available volume or
area for mixing offshore as a viable aTternative to a smaller shoreside area

has a Tesser potential for adverse biotic effects than a comparable discharge

.area in shallow water. Offshore, diffusion will tend to occur in all directions

and not be constrained by a land barrier. Mixing zones may be less harmfu] b1o-_
logically when Tocated deep within the receiving water and, wherever poss1b1e,
beneath the 1ight-penetration area where photosynthes1s occurs and algae-and
associated protozoa and other organisms provide the extensive base for the.

aquatic food web.

An axiom of environmental quality is that different areas vary in eco1ogica1

importance, one from the other. Genera11y the highest importance, and therefore
the greatest protection, must be placed on shallow-water shoreline areas of
rivers, lakes and coastal zones and on the nation's wet1ands These are
commonly the areas that protect the young and supply the food not only for the

animals that Tive in open waters bot_a1so for those animals that depend upon

water in some measure for their existence. Likewise, one local aquatic area

| may have a higher social or ecological value than another, and the higher that

value the greater the protection from degradation that is warranted w1th1n a

waste mixing area

Mixing zones should be Tocated in such a manner that they do not form a

barrier to the migratory routes of aquatic species. On a given reach of a stream

or river , it would be good practice to 1imit the total mixing zone area to

one-third of the receiving water width. In the same fashion, the combined



areas of all mixing zones within a lake should not excged ten percent of
the lake surface area. In some cases, this maximum Should be reduced depanding
on lake volume and other local conditions. Within an estuary, the maximal
dimension of the mixing area should not exceed 10 percent of the cross-
secticnal area of the waterway. It is not the cbijective of this
rationale to outline limits for effluents, but to provide the readex
with some of the general biclogical and physical considerations

necessary for the establishment of mixing zones.

In essence, the positioning of mixing zones should be accomplished in a
manner that will provide the gfeatest protection to aquatic 1ife and for thg |
various uses of water. Generally, shcreline and surface areas for waste
admixture should be discouraged in preference to deep water, offshore designa-
tions. The relative social and ecological values of the équatic 1ife that may
jnhabit a ﬁarticuiar waterway area shbu]d_be given due consideration in zone
definition. (Fetterolf, 1973; NAS, 1974) The designation of particular mixing
zones is a task that should follow the bioTogical, physical and chemical

appraisal of the receiving waterwav.
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“reported that 96-hour LCgp wvdlues of nickel in soft water for four v

NICFEL

CRITERION:

0.01of the 96-hour LC50 for freshwater and marine aquatic Tife. -

INTRODUCTION:

Nickel is a silver-white,metallic element seldom occurring

L

¥

in nature in the elemental form. Nickel salts are soluble and

can occur as a leachate from nickel-bearing ores,. Kopp aﬁd

Kroner (1967) detected nickel in the Lake Erie Basin at a frequency
of 53 percent and a mean concentration of 56 ug/l; At several
selected stations, dissolved nickel ranged from 3 to 86 ug/l and
suspended nickel from 5 to 900 ug/l. Nickel is present in sea

water at 5 to 7 ug/l (NAS, 1974).

RATIONALE:
Nickel is considered to be relatively non~toxic to man
(Schroeder, et al., 1961) and a limit for nickel is not

included in the EPA National Interim- Primary Drinking Water Regulations
{40 FR 59566, December 24, 1975)the toxicity

of nickel to aquatic life, as reported by Mclee and Wolf (1963),
indicates tolerances that vary widely and that ﬁre.ihfluenced

by species, pll, synergistic effects and other factors. The survival:
curves for sticklebacks in soft tap water indicate a lethal limit

of 800 ug/l nickel (Jones, 1939). Pickering and Henderson (1964)

-

species of fish varied from 4.6 to 9.8 ng/l, and in hard

(Gte -



water for two fish species, the 96~hour LCgy varied from 39.2 to
42.4 mg/l. The 96~hour LCjy values for two species of aquatic
insects were reported by Warnick and Bell {(1269) to be 4.0 and

33.5 mg/l nickel, Biesinger and Christenscn ({(1972) found that

the three-week LC50 value for Daphnia magna in scft water was 130 ug/!

nickel; 95 ug/1 .caused a 50 percent impairment in reproductivity,

and 30 ug/1 caused a- 16 percent impairment.

In continuous bioassay tests designed to determine chronic

effects, Pickering (1974) demonstrated that nickel concentrations

. of 380 ug/1 and lower in hard water did not adversely affect survivail,

_growth, or reproduction of the fathead minnow. Nickel concentraticns

of 730 ug/]1 caused a significant reduction both in the number of

--eggs per spawning and in the hatchability of the eggs.

Calabrese, 93_313(1973) reported a 48-hour LC50 of 1,180

ug/1 for American oyster embrya Crassostrea virginica,

for larvae of the hard shell clam, Mercenaria mercenaria

(Calabrese & Nelson, 1974). Jones (1939) reported a 96-hour

- LCBO of 800 ug/1 for the euryhaline stickleback, Gasterosteus

aculeatus. Gentile (1975) found that the 96-hour LC50 for the

‘;'marine copepod, Acartia tonsa was 625 ug/1.

tlickel salts have been shown to be injurioug to plants. In
sand and nickel solution experiments, Vanselow (1966) deronstra-
ted  that at.0.5 to 1.0 mg/1, ﬁickel is toxic to a number of
plants, .The‘toxicity exhihited to plants by nickel varied widely
with the species. HNMcKee and Wolf {1963) indicated that nickel

was extrenely toxic to citrus. Chang and sherman -{1233) £found

1q]



LA L i L A T

that tomato seedlings were injured by 0.5 mg/1 nickel. Hop plants

were shown to be injured by nickel at 1.0 mg/1 (Yegg and Ormerdd, ,,S\,//’
1358). Plants exhibiting less susceptibility to nickel were:

cats, with toxic effects at 2.5 mg/l {Crooke, 1954i; corn at 2 . _ -
mg/l; and tobacco with no toxic effects at 3.0 mg/l (Soane and

Saunders, 1959),

Data indicate that, (1) nickel in water.is toxic to plant -
life at concentrations as low as 500 ug/l, {2} nickel adversaly
affects reproduction of a freshwater crusﬁacean at concentrations
as low as 95 ug/l, (3i marine clam larvae can-be killed by
concentrations of nickel as low as 310 ug/l, and (4) reproduction
of the fathead minnow is detrimentally affebted by nickel at
concentrations as low as.730 ug/l, Concentrations of nickel at
or below 100 ug/l should not be harmful ﬁo irrigated plants or

marine -and fwsskkater - aquatic organisms.

I:F'\;'}il' \«/
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CRITERICN :
10 mg/1 nitrate nitrogen (N) for
demestic water supply (health).
INTRCOTUCTICN

Two gases (molecular nitregen and nitrous oxide) and five forms

of nongaseous, combined nitrogen (amino and amide groups, ammonium, nitrite,

ard nitrate) are Important in the nitrogen cycle. The amino and amide
groups are found in sgoil organic matter and as censtituents of plant and

animal protein. The ammonium icn is either released frem proteinacsous

organic matter and urea, or is synthesized in industrial processes

involving atmosphéric nitrogen fixation. The nitrite fon is formed
from the nitrate or the amonium ions by certain microorganisms found
in scil, watér, sekage,_ and the digestive tract. The nitrate ion is-
formed by the camplete oxidation of amrcnium ians by soil or water
microorganisms; nitrite is an intermediate preduct of this nitrification

process. In oxygenated natural water systems nJ.trJ.te is rapidly oxidized

‘to nitrate. Gran.mg plants asszm:.late nitrate or ammcnium ions and

convert them to protein. A process known as denitrification takes place

~ when nitrate-containing soils became anaerchic and the comversion to

nitrite, molecular nitrogen, or nitrous oxide occurs. Ammonium ions

may also be produced in some circumstances.

Emong the major point sources of riitrogen entry into water bodies

are nmﬁ.cigial ard industrial wastewaters, septic tanks, and feedlot

discharges. I_Diffuse sourcescof nitrogen include farm-site fertilizer

and animal wastes, lawn fertilizer, leachate fram waste disposal in

dumps or sanitary landfll 3, attmsgherlc fallent, nitric axide and nitrite
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discharges from automobile exhausts and other combustion processes,
and losses from natural sources such as mineralization of soil
organic matter (NAS, 1972), Water reuse systems in some fish
hatcheries employ a nitrification process for ammonia reduction;
this may r;e-sult in exposure of the hatchery fish to elevated lev_els

of nitrite (Russo, g_t_ﬁ.-. 1974).

RATIONALE:

In quantities normally found in food or feed, nitrates become toxic
only under conditions in which they are, or may be, reduced to nitrites. |
Otherwise, at 'reasonable'' concentrations, nitrates are rapidly ex-
creted in the urine. H_igh intake of. nitrates consti{utes a hazard
primarily to warm blooded animals .undér conditions that are favorable
to their reduction to nitrite. Under'cert.ain circumstances, nitrate
can be redﬁced to nitrite in the géstrointéstinal tract which then reaches
the bloodstream and reacts directly with heinoglobin to produce methemo-

globin, with consequent impairment of oxygen transport.

The reaction of nitrite with hemoglobin can be hazardous in infants
under three months of age. Seri'oﬁs a_nd occasionally fatal poisbnings
in infants have occurred following ingestion of untreated. well waters shovm to
contain nitrate at donce_ntrations greater than 10 mg/1 nitrate nitrogen |
(N) (NAS, 1874). High nitrate concentrations frequently are found in
shallow farm and rural community wells, often as the result of
inadequate protection from barnyard drainage or from septic tanks
(USPHS, 1961; Stewart, et al., 1967). Increased concentrations of
nitrates also have been found in streams from farm tile drainage in

areas of intense fertilization and farm crop production (Harmeson,

et al., 1971). Approximately 2000 cases of infant methemoglobinemia

AV



have been reported in Europe and North America since 1545; 7 to 8
percent of the affected infants died (Walton, 1951; Sattelmacher, 1562},
Many infants have drunk water in which the nitrate nitrogen content

was greater than 10 mg/1 without developing methemoglobinemia. Many
public water supplies in the United States contain levels that routineiy
are in excess of this amount, but only one U.S. case of infant methe-

moglobinemia agsociated with a public water supply has ever been

reported (Vigil, et al., 1965). The differences in sugceptibility
. to methemoglobinemia are not ye{: urdersteed but appear to be related

to a cawbination of factors includ.'i.ng_ nitrats concentraticn, enterice

‘bacteria, -and the lower acidity -characteristic of the digestive

systems of baby mammals. Methemoglobinemia symotems and other toxic
effects were observed when high ni&ate well waters containing
pathogenic bacteria were féd to laboratory mermals (Wolff, et al.,
1972). Conventicnal water treatment has no significant effect on
nitrate removal from water (MAS, 1974).

. Because of the potehtial risk of methemoglobinemia to bottle-fed

~ infants, and in view of the absence of substantiated physiological effects

at nitrate concentrations below 10 mg/1 nitrate nitrogen, this level is

the criterion for domegtic water suppI_ies. Waters with nitrite nitrogen

concentrations over l-mgll gshould not be used for infant feeding. Waters
with a significant nitrite concentration usually would be heavily polluj':ed

and probably bacteriologically unacceptable.

)
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Westin (1974) determined that the respective §6-hour and 7-day

LC values for chinook salmon, Oncorhynchus tshawytscha, were 1310
50

and 1080 mg /i nitrate nitrogen in fresh water and 990 and 900 mg/1

nitrate nitr'ogen in 15 o/oo saline water. For fingerling rainbow trout,

Salmo gairdneri, the respective 96-hour and 7-day LC 5 Ovalu'es were

1360 and 1060 mg/1 nitrate nitrogen in fresh water, and 1050 and

800 mgli nitrate nitrogen in 15 o/oo saline water. Trama (1954)

reported that the 96-hour LC for bluegills, Lepomis macrochirus, at

50 _
20° C was 2000 mg/1 nitrate nitrogen (sodium nitrate)and 420 mg/1

O
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nitrate nitrogen (potassium nitrate). Knepp and Arkin (1973) ochserved

that largemouth bass, Micropterus salmoides, and channel catfish,

Ictalurus punctatus, could he maintained at concentrations up to 400 rag/1

nitrate (90 mg/1 nitrate nitrogen) without significant effect upon

their growth and feeding activities,

The 96-hour and 7-~day LC50 values for chinocok salmon,

Oncorhynchus tshawytscha, were found to be 0.9 and 0. 7 mg/l nitrite

nitrogen in fresh water (Westin, 1974), Smith and Williams (1974)
tested the effects of nitrite nitrogen and observed that yearling rainbow

~ trout, Salmo gairdneri, suffered a 55 percent mortality after 24 hours

~at 0. 55 mg/1, fingerling rainbow trout. suffered a 50 percent mortality
after 24 hours of exposure at 1,6 mg/l, and chinook salmon,

Oncorhynchus tshawytscha, suffered a 40 percent mortality within 24

hours at 0. 5 mg/l. There were no mortalities among rainbow trout
exposed to 0.15 mg/1 nitrite nitrogeh for 48 hours. These data
indicate that salmonids are more sensitive to nitrite toxicity than

are other fish Species, e.g., minnows, Phoxinus laevis, that suffered

--'_a 50 percent mortahty within 1,5 hours of exp03ure ‘to 2030 mg/l
nitrite nitrogen, but required 14 days of exposure for mortality to

occur at 10 mg/1 (Klingler, 1857), and carp, Cyprinus carpio, when

raised in a water reuse system, tolerated up to 1.8 mg/1 nitrite

nitrogen (Saeki, 1865),

Gillette, et al. (1952) observed that the critical range for creek

chub, Semotilus atromaculatus, was 80 to 400 mg /1 nitrite nitrogen.

Wallen, et al. (1957) reported a 24-hour LC50 of 1. 6 mg/1 nitrite

nitrogen, and 48- and 96-hour LC._ values of 1.5 mg/1 nitrite

50
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nitrogen for mosquitofish, Gambusia affinis. McCoy (1972) tested

the nitrite susceptibility of 13 fish species and found that logperch,

Percina caprodes, were the most sensitive species tested {mortality

at 5 mg/I nitrite nitrogen in less than 3 hours of exposure), whereas

carp, Cyorinus carpio, and black bullheads, Ictalurus melas, survived

40 mg/1 nitrite nitrogen for a 48-hour exposure period; the common

white sucker, Catostomus commersoni, and the quillback, Carpiodes

cyprinus, survived 100 mg/l for 48 and 36 h.ours. respectively.,

Russo, et al. (1974) performed flow-through nitrite bicassays in
hard water (hardness = 199 mg/1 CaCOz, alkalinity = 176 mg/1 CaCOn,

pH = 7.9) on rainbow trout, Salmo gairdneri, of four different sizes,

and obtained 96~hour LCSO values ranging from 0.19 to 0. 39 mg/1
nitrite nitrogen. Duplicate bioassays on 12-gram rainbow trout were
continued long enough for their toxicity curves to level off, and |
asympiotic LCgq concentrations of 0,14 and 0.15 mg/l were reached
in 8 days; on day 19, additional mortalities occurred. For 2-gram
rainbow trout, the minimum tested level of nitrite nitfogen at which
no mortalitiés were observed afferj 1.0 days was 0,14 mg/l;A for the
235-gram. trout, the minimum level with no niortality after 10 days

was 0.06 mg/1,

It is concluded thati: (1) levels of nitrate nitrogen at or below
90 mg/1 would have no adverse effects on warm water fish (Knepp
and Arkin, 1973); (2) nitrite nitrogen at or below 5 mg/1 should be
protective of most warm water fish (McCoy, 1972); and (3) nitrite
nitrogen at or below 0. 08 mg/1 should be protective of salmonid

fishes (Russo, e_t_g.‘l_., 1974; Russo and Thurston, 1975). These levels
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either are not known to occur or would be unlikely to occur in

natural surface waters.

Recognizing that concentrations of nitrate or nitrite that would

exhibit toxic effects on warm or cold water fish could rarely occur

in nature, restrictive criteria are not recommended. "
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OIL AND GREASE

CRITERIA:

For domestic water supply: Virtually free from oil
and grease, particularly from the tastes and odors
that emanate from petroleum products. _ ' _ -

For aguatic life:

(1) 0.01.0f the lowest continuous flow 96-hour IC50 to
several important freshwater and marine species, each
having a demonstrated high susceptibility to oils and
petrochemicals.

ks

(2) Levels of oils or petrochemicals in the sediment whlch
cause deleterious effects to the biota should not be allowed,

(3) Surface waters shall be v:.rtually free from floatmg nonpetrolemn
oils of vegetable or ~ animal origin, as well as petro1eum
derived oils.

INTRODUCTION:

It has been estimated that between 5 and 10 million metric tons of
oil enter the marine-énvironment annually (Blumer, 1970), A
major difficulty encountered in the setting of criteria for oils and grease _ N
is that these are not definitive chemical eategories, but include thousands of
organic compounds with varying physical, chemical, and tox1colog1ca1
properties. They may be volatile or non-volatile, soluble or insoluble,

persistent or easily degraded.

RATIONALE:

Field and laborstory evidence have demonstrated both acute lethal

toxicity and long—term sublethal . toxicity of oils 0 aquatic organisms.

Events such as the Tampico Maru wreck of 1957 in Raja, California, ' &

(Diaz-Piferrer, 1962), and the No. 2 fuel oil apill in West Falmouth,



Massachusetts,in 1969 (Hampson and Sanders, 1969), both of whirch

caused immediate death to a wide variety of organisms, are illustrative
of the lethal toxicity that may be attributed to oil pollution, Similariy,

a gasoline spill in South Dakota in November 1989 (Bugbee and Walter,
1973), was reported to have caused immediate death to the majority of
freshwater invertebrates and 2500 fish, 30 percent of which were rnative
species of trout. Because of the wide range of compounds included

in the category of oil, it is impossible to establish meaningful 96 -hcur LC_
values for oil and grease without specifying the product involved. Howeve;?
as the data in Table 6 show, the most susceptible category of organisms,
1t-he marine larvae, appear to be intolerant of petroleum pollutants,

particularly the water soluble compounds, at concentrations as low

as 0,1 mg/.l.

The long?terni sublethal effects of oil pollution refer to interferences
with cellular and physiological processes such as feeding and reproduction
whd do not lead to immediate death of the organism, Disrupticn of
such behavior apparently can result from petroleum product concentrations

as low as 10 to 100 ug/1 (see Table 7 )

Table 7 summarizesg gome of the sublethal toxicities for various

petroleum pollutants and various aquatic gpecies. In addition to sublethal

_ _effects reported at the 10 to 100 ug/l level, it has been shown that

petroleum products can harm aquatm life at concentrations as low asg

-1 ug/1 (Jacobson and Boylan, _19'?3).

Biocaccumulation of petroleum products presents two espeéially

important public health problems: (1) the tainting of edible, aquatic

At
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Table 6

summary of lethal toxicities of varfous petroleum
products to aquatic organisms {a thorough discussion
of duration and test conditions is found in Moore,

Dwyer & Katz, 1973}
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=) 18 i1 '
I T E TN A VI
Lervae and ‘ p : 14
[ ) §.1 omn-1 om ‘1 pem-42 pon 0.1()&;!1 pRn) 9.1 }zl/l[pfm] 1-9@% k-] (e?f,;):t
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: ———eyF (29T 1297 U29) 1129 (2m Ry '
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RO CCnCentras
- tion niven. .
sialves b (28),, {23) o528),.18R 30-43%}9 1 nﬁm . | tee)
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105 'ﬁ‘uj : - ‘
Mher Denthi 2 2 31
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sote: 1) Mmbers in brackets represeit reported velues (voluse to volume o7 weight to voluse basis) canverted 1o ppa.
7} Mxhers in pareatheses wrefer to Teferences., -,
s indicate yaiues estirated by ‘bore, Dvyer, § Raiz, 1973 (towever ¢stimates are supported by exaples Eiw.-n th:reL;)
Katz, 1973);

3) Aste

1) In sone cases, the above vaiucs Fare boen taken from summary  ©pe presentations [for exarple: Hoore, Dwyer
the corresponling refereme mmhers thercfore do Rot negessarily refer to the origiral publication.

§) The marer in which fthe ebove values arg reported is only an attempd to o 1i§! the ranges in threswold lethel toxiclties,
based on some of the existing publisbed dara, and should therefore ot b rogarded as sbsojute lmits of twoxicity for & given
category of taxicant or test organiso. It mist ko wnderstood slat There exisis MimITOUS additional published data that fall within
rre Tanges suggestod above, and possibly data that may suggest further uidmiaﬁ- these ranpes. It 1s not the anthor’s intention to
herein fimwarize al) of tho wxicity values Tcoried thus far for potrolews and petroleun produrts. i
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species, and (2) the possibility of edible marine organisms incorporating
the high boiling, carcinogenic polycyclic aromatics in their tissues,
Nelson-Smith (1971) reported that 0.01 mg/1 of crude oil caused

tainting in oysters. Moore, et al. (1973) reported that concentrations

as low as 1 to 10 ug/l could lead to tainting within very short periods

of time. It has been shown that chemicals responsible for cancer

in animals and man {such as 3, 4-benzopyrene) occur in crude oil
(Blumer, 1970). It has_ also been shown that marine organisms are
capable of incorporating potentially carcinogenic compounds into their

body fat where the compounds remain urichanged (Blumer, 1870).

(Oil pollutants may also be incorporated into sediments, There is

evidence that once this occurs in the sédiments below the aerocbic surface

'-l_ay'er, petroleum oil can remain unchanged and toxic for long pericds, since its rate

of bacterial degradation is slow. For example, Blumer (1970) reported
that No. 2 fuel oil incorporated into the sediments after the West Falmouth

spill persisted for over a year, and even began spreading in the formn of

oil-laden sediments to more distant areas that had remained unpolluted

immediately after the spill. The persistence of unweathered oil within
the sediment could have a long-term effect on the structure.of the benthic
community or cause the demise of specifié sensitive important species,
Moore, S’.‘.ﬂ'. (1973) reported concentrations of 5 mg/1 for the carcinogen,

3, 4-benzopyrene in marine sediments.

29
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Mironov (1967) reported that 0.0l mg/l oil produced deformed and

inactive flatfish larvae. Mironov (1970) also reported Inhtbition or

delay of cellular division in algae by oil concentrations of 1074 to _
101 mg/1. Jacobsen and Boylan (1973) reported a reduction in the
chemotactic pércept:.on of food by the snail, Nassarius cbsoletus, at -

kerosene concentrations of 0.001 to 0.004 mg/l. Bellen, et al. (1972)
reported decreased survival and fecundity in worms at concentrations
of 0.01 to 10 mg/1 of detergent.

Because of the great variability in the toxic properties of oil,
it is difficult to establish a numerical criterion which would be
arplicable to all types of oil. Thus, an application factor of 0,01 -
of the 96-hour IC50 as determined by using continuous flow with a
sensitive resident species should be employed for individual petro- -

chemical components.

There is a paucity of toxicological date on the ingestion of the
components of refinery wastewaters by humans or by test animals., It
s apparent that any ‘tolerable health concentratlons for petroleum denved
substances far exceed the limits of taste and odor, Since petroleum
derivetives become organoleptically objectionable at concentrations far
pelow the human chrenic toxicity, it appears that hazards to humans will
not arise from drinking oil-polluted waters (Johns Hopkins University,

1956; Mckee and Wolf, 1963). Oils of animal or vegetable origin generally

- are non-toxic to humans and aquatic life.



In view of the problem of petroleum oil incorporation in sediments, its
persistence and chronic toxic potential, and the present lack of sufficient
toxicity data to support specific criteria, concentrations of oils in sediments
should not approach levels that cause deletericus effects to important species

or the bottom community as a whole.

Petroleum and nonpetroleum oils share scme similar physical and chemical
properties. Because they share common properties, they may cause similar harmful

effects in the aquatic environment by forming a sheen, film or discoloration ¢a the

surface of the water, Like petroleum oils, nonpetroleum oils may cceur
at four levels of the aquatic environment: (a) floating on the surface,

(b) emulsified in the water column, (c) solubilized, and (d) settled on

the bottom as a sludge, Analogous to the grease balls from vegetable

oil and animal fats are the tar balls of petroleum origin which have

~ been found in the marine environment or washed ashore on beaches.

Oils of any kind can cause; (a) drowning of waterfowl
because of loss of buoyancy, exposure because of loss of -
- insulating capacity of feathers, and starvation and vulnerability to
predators due to lack of mobility, (b) ]._ethai effects on fish by coating
epithelial surfaces of gillis, thus preventing respiration, {c) potential fish
kills due to biochemical oxygen demand, (d) asphyxiation of benthic
life forms when floating masses become engaged with surface debris
and settle on the bottom, and (e) adverse aesthetic effects of fouled shore-
lines and beaches. These and other effects have been documented in the

U.S. Department of Health, Education and Welfare report on "Qil Spills
-Aﬁe'cting the Minnesota and Mississippi Rivers" and the 1375 "Proceedings

of the Joint Conference on Prevention and Control of Oil Spills."
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Oils of animal or vegetable origin generally are chemically non~toxic to
hurans or aquatic life; however, floating sheens of such cils result in
deleterious env:.x:omental effects described in this criterion.

Thus, it is recommended that surface waters shall ke virtually free from
floating non-petroleum oils of vegetable or animal origin. This same
recenmendation applies to floating oils of petroleum origin since they too

may produce the above effects.
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DISSOLVED OXYGEN

CRITERIA:

Aestheties: Water should contain sufficient dissolved oxygen
to maintain eserobile conditions in the water column and, except as
affected by natural phencmena, at the sediment-water interface.

Freshwater aquatic life: A minimum concentration of dissolved -
oxygen to maintain good fish populations ig 5.0 nmg/liter. The
criterion for salmonid spavning beds 18 a minimum of 5.0
mg/liter in the interstitial water of the gravel,

INTRODUCTION:

Diesolved oxygen historically has been .a major constituent of
interest in water quality investigations., It generally has been
considered as significant in the protection of aesthetic qualities of
water as well as for the maintenance of fish and other aquatic life.
Traditionelly, the design of waste treatment requirenents was based

oo the removal of oxygen demanding materials so as to maintain the

dissolved oxygen concentration in receiving waters at prescribed levels,
Sophisticated techniquee. have been developed to predict the dissolved
oxygen concentration under various hydrologic, hydrographic, and waste
loading conditions (Velz, 1970). Dissclved oxygen concentrations are
an important gage of existing water quality and the ability of a water
body to Support a well balanced aquatic fauna. :

RATIONALE:

The eesthetic qualities of water require sufficient dissolved oxygen
present to avold the onset of septic conditions with its attendant
malodorous emissions. Insufficient dissolved oxygen in the water column
causes the anaerobic decomposition of any organic materials present,

Such decomposition tends to cause the formation of noxlous gases such

_as hydrogen sulfide and the development of carbom dioxide and methane

in the sediments which bubble to the surface or which tend to float
settled sludge as mats which are composed of various organic materials,

Dissolved oxygen in bodies of water used for municipal water supplies
18 desirable as an indicator of satisfactory water quality in terms of low
residuals of blologically available organic materials. In addition,
dissolved oxygen in the water column prevents the chemical reduction and
subsequent leaching of iron and manganese principally from the sediments
(Environmental Protection Agency, 1973). These metals cause additilonal
expense in the treatment of water or affect consumers' welfare by causing taste
and staining plumbing fixtures and other surfaces which contact the

. water in the presence of oxygen (MAS, 1974).
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Dissolved oxygen also 1s required for the biochemical oxidatica of
armonia ultimately to nitrate in natural waters. This reduction of
ammonia reduces the chlorine demand of waters and fncreases the
disinfection efficiency of chlorination (NAS, 1974).

The disadvantage of substantial quantities of dissolved oxygen in
water used as a source of municipal water supply is the increased rates
of corrosion of metal surfaces in both the water treatment facilities
and in the distribution system (NAS, 1974).

Such corrosion, in addition to the direct damage, ean increase the
concentration of iron (and other metals) which may cause taste in the
water, as well as staining.

A discussion of oxygen criteria for freshwater fish must take into
account these facts: (1) £ish vary in thelr oxygen requirements according
to species, age, activity, temperature, and nutritional state; (2) they
are found from time to time, and can survive for a while,
at oxygen concentrations considerably below that considered suitable for
a thriving population; and (3) although there is much literature on the
oxygen consumption of fish and the effects of varying oxygen concantrations
.~ on behavior and survival, few investigators have employed methods or
- sought endpoints that can be related with confidence to maintaining a
good fish population, :

To allow for the differences among requirements affected by species
and other variables, the dissolved oxygen criteria are hased on the
concentration that will support a well-rounded population of fish (Ellis,
1937) as it would occur under natural conditions. A population of fish
1s composed of a number of different but more or less interdependent
species, of different feeding and reproductive habits, but which will
include game and pan fish (bass, pike, trout, perch, sunfish, crappie,

. depending upon the location), some so~called rough or coarse fish
(carp, buffalo, bullhead, sucker, chub), and 'large numbers of smaller

o Yforage' fish (e.g., minnows). Theoretically it should be possible

to base oxygen criteria on the needs of the most sensitive component

of such a population; but there is not enough information for this at
present; that is why the criteria must be based on oxygen concentrations
known to permit the maintenance and well-being of the population as a
whole. : : :

The requirement that the data be applicable to naturally occurring
pepulations imposes 1limits on the types of research that can be usad as
a basls for the criterion. Aside from a few papers on feeding, growth,
and survival in relation to oxygen concentration, very little of the
laboratory-based literature has a direct bearing; field data are in
general more useful. Fileld studies have the disadvantage that the
numbers of variables encountered in the natural environment (temperature,
'PH, dissolved solids, food supply, and the like, as well as dissolved
oxygen) make it necessary. tc be conservative in relating fish abundance
and distribution to oxygen concentration alone, but enough observations
have been made under a varilety of conditions that the importance of
_oxygen concentration seems clear.
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Field studies, in which fish catches. have been related to dissolved
oxygen concentrations measured at the same time, indicate that a dissolved
oxygen concentration of 3 mg/liter is too low to maintain a good fish
population (Thompson, 1925; Ellis, 1937; Brinley, 1944), and this
finding is supported by laboratory observations that in the vicinity of
3 mg/liter and below feeding .is diminished or stopped (Lindroth, 1949;
Mount, 1960; Herrmann, et al., 1962), and growth is reduced
(Hamdorf, 1961; Itazawa, 1971), even when the lowered oxygen concentration
occurs for only part of the day (Stewart, et al., 1967). :

A dissolved oxygen concentration of 4 mg/liter seems to be about
the lowest that will support a varied fish population (Ellis, 1937),
even in the winter (Thompson, 1925), and for a well-rounded population
including game fish it should be above that. Both Ellis (1937) and - \
Brinley (1944) set the minimum for a well rounded population at 5 mg/liter,
It should be pointed out, however, that Thompson found the greatest
variety of specles at 9 mg/liter, Ellis found good populations more
frequently at 6 than at 5 mg/liter, and Brinley reported the best
concentrations for game fish populations to be above 5 mg/liter., The
belief that 5 mgi%iter is adequate 1s supported by the fact that the
introduced rainbow trout thrives in Lake Titicaca (Everett, 1973) where,
because of the altitude, the oxygen concentration in fully saturated
water is not over 5 mg/liter.

Fish embryonic and larval stages are especially vulnerable teo reduced

oxygen concentrations because their ability to extract oxygen from the
water is not fully develcped and they cannot move awray from adverse
conditions. Although many species can develop at oxygen concentrations

as low as 2.5 to 3 mg/liter, the effects of a reduced oxygen concentration
even as high as 5 or 6 mg/liter can cause a partial mortality or at the
least retard development (Brungs, 1971; Siefert et al., 1973, 1974, 19753
Carlson et al., 1974; Carlson and Siefert, 1974; Garside, 19663 Gulidov,
1969; Hamdorf, 1961), Unless it is extreme, however, the retardation

need not be permanent or detrimental to the species (Brannon, 1965;

Eddy, 1972). For most fish, maintaining a minimum of 5 mg/liter in the

'water mass in the vicinity of the embryos and larvae should suffice.

Special treatment is required for species, such as the salmonids,
that bury their fertilized eggs in gravel. The flow through gravel is
often slow, especially if siltation has occurred, and if it 1s slow
enough the developing fish and other organisms can easily deplete the
oxygen supply enough to cause damage, especlally if the concentration in
the water 1s relatively low bafore it enters the gravel (Cooper, 19653
Coble, 1961; Brannon, 1965). With a permeable gravel and abundant flow,

5 mg/liter in the overlying water should be enough. This concentration
rould well be inadequate, however, with a less porous gravel and a slower
flow. Since the permeability and flow have so impeortant a bearing on '
the initial oxygen concentration required to maintain the intragravel
concentration, and since these characteristics vary with location, it is
proposed that the criterion for salmonid spawning beds be stated as not

less than 5 mg/liter du the gravel. This would require that the concentration

in the water entering the gravel be 5 mg/liter or more, increasing as the
intragravel flow rate decreased. '
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Decreased dissolved oxygen levels, if sufficlently severs, can
adversely affect aquatic insects and other animals upon which fish feed.
Sprague (1963) has evaluated such effects on several crustaceans while
others have evaluated caddisfly larvae and stonefly nymphs (Doudoroff
and Shumway, 1970). However, many other invertebratres are less sensitive
to lowered dissolved oxygen concentrations and may be equally suitable
fish food. Doudoroff and Shumway (1970) concluded that as long as
dissolved oxygen concentrations remain entlirely satisfactory for fish,

ho material impairment of the food resources for fish ascribable

to dissolved oxygen insufficiency will occur.
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ALDRIN~-DIEIDRIN

CRITERIA:
.003 vg/l for freshwater and marine agquatic life.
The persz:.stenct_a, bicaccumilation potential
and carcinogenicity of aldrin-dieldrin cautions
human exposure to a minimam.

RATIONALE:

Since dieldrin is a highly persistent chemical which bicaccumilates
in acuatic organisms used for human food and is élso considered a poténtial
human carcincogen, levél_s of dieldrin in mﬁrﬁys shouid be kept as lcw
as feasible. Action by the Envircrmental Protection Agency in suspending
the production and use of dieldrin should result in a gradual decrease
in concentrations in the enviromment. Such
additions should not be permitted without substantial documentation that -
alternatives arve either infeasible or potentially more hazardous. The
persistence, biocaccumilative properties and carcinogenic potential of
dieldrin sl’xauid be taken into accomt when. determining the uses of water

with measurable amowmts of dieldrin.

Aldrin is metabolically converted to dieldrin by aquatic organisms.

Residues in goldfish, Carassius auratus, exposed to aldrin for 32 days
were found to consist of 93.9 percent cr more dieldrin except for ‘
visceral fat where residues were 100 pércent dieldrin after 31.5 to

92.4 days® exposure (Gakstatter, 1968). Epoxidation of aldrin to dieldrin
was fomd to ocouwr also at lower trophic levels. The relative rates of
this conversion were low for algae and high for the 'protozoa {Kahn, et al.,
1972). Because of this metabolic conversion and because of evidence that

dieldrin is as toxic or slightly more toxic than aldrin +0 aguatic organisms

AP
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{(Jensen and Gaufin, 1966; Henderson, et al., 1959), an accepteble
water concentration is based on the presence of either aldrin or disld-in

or the sum of hoth.

In two studies camprising five long-temm coral studies feeding dieldrin
to CF~-1 mice at various concentrafions, liver enlargements and tumors were
detectable. Appearance of tumors was dose responsive since tumors occurred
9 months following treatment with 10 prm; 19 wmonths with 5 pem; angd 23
months with 2.5 ppm.  Purther, the group all experienced a decrease in
survival rates. At intake rates of 1.25 pem and 1 ppm dieldrin, no liver
enlargements were detected ciinically and survival was not affected (Walker,
et al., 1972). |

The best evidence that aldrin-dieldrin roses a cancer hazard to man is
provided by mouse laboratory data. Although the liver was the princigal
crgan affected in the mouse and was a major site of acticn in rats, there

was an increase of tumors in the lungs and other organs (Reller, et al., 1974).

Ninety~six~hour IC50 values of 16, 7.9, and 8.5 ug/l dieldrin have

been reported for the fathead minnew, Pimephales pramelas; bluegill,

Lepamis macrochirus; and green sunfish, Lepomis cyanellus, respectively

(Tarzwell and Henderson, 1956).

The IC50 for the stonefly naiad, Acroneuria pacifica, exposed to

dieldrin in a continuous flow bicassay system for 20 days was 0.2 ug/1

{Jensen and Gaufin, 1966). The 48-hour ECSQ {immcbilization value ar 15°¢C

) For

daphnids, Simocephalus serrulatus and Daphnia pulex, to dieldrin was

0.24 my/1 and 0.25 my/l, respectively (Sanders and Cope, 1966).

a5l
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The sailfin molly, Poecilia latipinna, appears to be the most

sengitive freshwater fish species tested for chronic effects; growth
rates and reproductive performance were adversely affected during a
34-wesk exposure to dieldrin at 0.75 ug/l (Lane and Livingston, 1970).

Guppy, Poecilia reticulata, populations were affected by levels of
dieldrin at 1.8 ug/l water cc;wentration during a 14-:rm£h exposure
Exposed populations developed greater total mumbers of nﬁlvz.duals than
did controls. 'Ihisphexurenonmyhaveméncausedbyslightmang'ein
the fesding behavior of the adults induced by dieldrin, cansisting of
inhibition of the nommal predation by the adults upon the fry (Cairns,
et al., 1967). |

Residue accumlation of dieldrin and aldrin is well documented. ILevels
of dieldrin in fish tissue from Lake Michigan have been as much as
100,000 times (wet weight basis) the dieldrin levels ocourring in the
water (Reinert, 1970). Lake water oancentrations in Lake bﬁchigan were
in the 1 to 3 nanogram/liter range, and whole-fish concentrations ranged
fram a low of 0.03 ppm for lake whitefish to 0.20 pgm for lake herring,
0.23 ppm for bloater, and 0.28 ppm for kiyi. Laboratory exposures of
fish,. invertebrates, and algae have indicated that residue accumilation

£



of aldrin and dieldrin is significant. The Reticulate sculpin,

Cottus perplexus, exposed to 8.6, 1.7, 0.86, 0.17, 0.086, and 0.017 uvg/1

dieldrin in water for 32 days were found to have tissue ooncentrations
(wet weight basis) often exceeding 50,000 times the water exposure

level (Chadwick and Brockson, 1969). The sailfin molly, Poecilia
latipinna, exposed for 34 weeks at 12, 6, 3, 1.5, and 0.75 ug/1 dieldrin
in water concentrated dieldrin in all tissues (wet weight basis) at
least 10,000 times (Lane and Livingsten, 1970). At the terminaticn

of a 64-week exposure of the ostracod, Chlamydotheca arcuata, to watar

concentrations of aldrin at 0.01 and 0.10 ug/l and dieldrin at 0.0l ard
0.10 ug/l, dieldrin recovery fram the tissue (dry weight kesis) was
12,000 to 260,000 times the initial theoretical water concentrations
(Kawatski and Schrulbach, 1971). In a model ecosystem study, residue
accumulation factors (wet weight basis) for dieldrin were determined

to ke 114,935 times water concentration for the snail, 7,480 times

- water concentration for algae, 6,145 times water concentration for

fish, 2,145 times water concentration for Daphnia, 1,280 times water
cancentration for Eledea, 247 ..t.ines water concentration for the crab,
and 1,015 times water concentration for the clam (Sanborn and Yu, 1973) .
In continuous flow exposure to less than 0.1 ug/l aldrin in water

for a three-day pericd, residue accumilation factors (dry weight

basis) were determined for cladocera, Daphnia magna, to be




141,000 times water concentration; ephemeroptera, Hexagenia billineata,

31,400 times water concentration; and diptera, Chironomus sp., 22,800 times
water concentration (Johnson, et al., 1971); for the_é]ga. Scenedesmus
obliquus, 1,282 times water concentration after 1.5 days; 13,954 times

water concentration for Daphnia magna after 3 to 4 days, and an estimated

49,307 times water concentration for the guppy, Poecilia reticulata, after

18 days' exposure (Reinert, 1972).

In relating accumulation factors to the acceptable level of aldrin and
dieTdrin allowable in water, it is necessary to know the significance of
tissue residue levels. Data on the toxicity of ingested levels of aldrin and

dieldrin in aquatic organisms ére few. In rainbow trout, Salmo gairdneri,

fed dietary dieldrin dosages of 0.36, 1.08, 3.6, and 10.8 ug dierr1n per -
gram of food {ppm), brain concentrations of thfee amino acids assocjated
with ammonia detoxifying mechanisms - glutamate, aspartate, and alanine -
were significantly altered. In the two highest dosages the brain ammonia
concentration increased (Mehr1e and Bloomfield, 1974). The implication is
that brain ammonia detoxifying mechanisms play an important role in main-
taining ammonia values within physiological limits, and that fish cafrying
body burdens of dieldrin would be less tolerant to increased concentfations

of ammonia in water.

Some data available on terrestrial vertebrates indicate that aldrin-
dieldrin dietary levels as low as 1 ppm may produce observable effects.

In long-term feeding studies 1 ppm dieldrin affected reproduction in the

?..'5
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Hungarian partridge (Neill, et al., 1969).- Slight eggshell thinning was
noted in mallard dugks fed 3 ppm dieldrin (Lehner and Egbert, 1969). Deer
were affected iy long-term feeding at 2 ppm dieldrin (Murphy and Korschgen,
1970). A guideline of 0.3 ppm has been set by the Food and Drug Adminis-

tration as an upper limit on food for human consumption.

Cdnsidering the 100,000-fold bioaccumulation of dieldrin in fish
tissue from Lake Michigan. cited above (Reinert, 1970) and the FDA tissue
residue administrative guideline of 0.3 ppm as a maximum level for human
consumption, the reéulting maximum water level is 0.003 ug/1. This level
is lower than the 1owest-measured 96-hour LCgp (7.9 ug/] for bluegill} by
a factor of 0.0004, and 1oweihthan the 20 day LCgp for the stonefly,

~ Acroneuria pacifica, by a factor of 0.02. It is therefore believed to provide

an adequate level of protection for freshwater aquatic life.

In bioassays performed on the mullet, Mugilidae sp., death occurred
for 15 percent of the test organisms at 0.5 ug/1 dieldrin. When exposed to

dieldrin at 1.35 ug/1 for four days, fish were found to have degenerative

" changes in the,giils and visceral tissue (Parrish, et al., 1973}. A

sensitive marine crab, Leptodids floridanus, exhibited delay in development

at concentrations of 1 and 0.5 ug/1 dieldrin (Epifanio, 1971). At 1 ug/l

dieldrin there was a 70 percent mortality of pink shrimp, Penaeus duorarum, .

within 24 hours and the 96-hour L{gy was 0.7 ug/1 for the same organism
(Parrish, et al., 1973). ‘

A residue accumulation factor of 800 times water concentration (wet

weight basis) was found for the estuarine mo]]usc; Rangia cuheata, for a
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36-hour exposure with a maximam accumilation factor of 2,000 tirrés water -
concentration in a 72-hour exposure to dieldrin. The clam showed "no AN
evidence for a cessation of the uptake mechanism over a period of time up :

to 72 hours" (Petrocelli, et al., 19873). At a water concentration of 0.5 X
ug/l it was determined that the rate of dieldrin uptake from water by crab

larvae, Leptodius floridanus, was 0.191 pom per day from water (Epifanio,

1973). Bioconcentration factors in estuarine organisms exposed for : : e
96-hours to dieldrin ranged fram 2,400 to 21,500 for oysters; 280 o | |
420 for pink shrimp; 470 to 750 for grass shrimp; and 3,500 to 7,300

for sheepshead minnows (Parrish, et al., 1973). Concentration factors

in spot exposed to dieldrin for 35 days were as great as 113,000 in

liver, 11,000 in nuscle and 6,000 in whole fish. BSpot lost all

detectable dieldrin after 13 aays in dieldrin-free sea water (Parrish,

et al., 1973). Marine phytoplankton exposed for two hours have been

shown to accumilate dieldrin (Rice and Sikka, 1973). In a study designed
to investigate the accumulation and metaboliem of dieldrin by species o
representing different taxonomic divisions of marine phytbpla:ﬂcton,

concentration factors cbserved were: Skeletonema costatum (Bacillariophyta),

15,882; Cyclotella nana (Bacillariophyta), 4,810; Tetraselmis chuii

(Euglencphyta) , 8,588; Isochrysis galbana (Chrysophyta) , 8,238; Olisthodiscus
luteus (Xanthophyta), 4,900; and Amphidinium carteri (Pyrrophyta), 982.

No data on bicaccumilation from the environment are available for
marine fish. In the absence of such data, there is no reason to assume
that the accumulation factor for marine fish would be less than that
observed for Lake Michigan fish. Therefore, the freshwater criterion

of 0.003 ug/l is also recomrended for marine aguatic life.

-

230 | . —



REFERENCES CITED:

Cairns, J., et al., 1967. Effects of sublethal éoncentrations of

dieldrin on laboratory populations of guppies, Poecilia reticulata

Peters. Proc. Acad.'Nat. Sci., Philadelphia, Pennsylvania, i19:75.

Chadwick, G.G. and R.W. Brockson, 1969. Accumulations of dieidrin by
by fish and selected fish-food organisms. Jour. Wildlife Managzment,

33:693.

Epifanio, C.E., 1971. Effects of dieldrin in seawatar on the development

of two species of crab larvae, Leptodius floridanus and Panopeus

herbsti. Marine Biology, 11:366.

| Epifanio, C.E., 1973. Dieldrin uptake by larvae of the crab Leptodius

floridanus. Marine Biology, 19:320.

_Gakstatter, J.H., 1968. Rates of accumulation of ]40 - dieldrin residues

in tissues of goldfish exposed to a single sublethal dose of e . aidrin,

Jour. Fish. Res. Bd. Canada, 25:1?97.

Henderson, C., et al., 1959. Relative toxicity of ten chlorinated
hydrocarbon insecticides to four species of fish. Trans. Amer. Fish.

Soc., 88:23.

Jensen, L.D. and A.R. Gaufin, 1966. Acute and long-term effects of
organic Insecticides on two species of stonefly naiads. Jour. Water

Poll. Control Fed., 38:1273,



1 kg v

Johnson, B.T., et al. 1971 Biological magnification and degradation

of DDT and aldrin by freshwater invertebrates. Jour. Fish. Res,
Bd. Can. 28:705.

Kawatski, J.J. and J.C. Schmulbach, 1971, Accumulation of insecticide
in freshwater ostracods exposed continuously to sublethal concen-

trations of aldrin or dieldrin. Trans. Amer. Fish. Soc., 100:565.

Keller, A.M., et al., 1974. Respondents brief, proposed findings and

conclusions on suspension of aldrin-dieldrin. FIFRA Docket No. 145,

Kahn, M.A.Q., et al., 1972. 1In vivo and in vitro epoxidation of aldrin

by aguatic food chain organisms. Bull. Environ. Contam. and Toxicol., 8:219.

Lane, C.E. and R.J. Livingston, 1970. Some acute and chronic effects

of dieldrin on the sailfin molly, Poecilia latipinna. Trans. Amer.

Fish. Soc., 3:489.

Lehner, P.N. and A. Egbert, 1969. Dieldrin and eggshell thickness in
ducks. Nature, 224:1218.

“Mehrle, P.M. and R.A. Bloomfield, 1974. Ammonia detoxifying mechanisms

of rainbow trout altered by dietary dieldrin. Toxicology and Applied
Pharmacology, 27:335.

Murphy, D.A. and L.J. Korschgen, 1970. Reproduction, growth, and tissue

residues of deer fed dieldrin. Jour. Wildlife Management, 34:887.

Neill, D.D., et al., 1969. 58th Annual Meeting of the Poultry Science

Association. 76.

Parrish, P.R.. et al., 1973. Dieldrin effects on several estuarine

organisms. Proc. Assoc. S.E. Game Fish. Comm., pp. 427-434, December, 1972.

4%



Y Petrocelli, S.R., et al., 1973. Uptake and accumulation of an organo-

chiorine insecticide (dieldrin) by an estuarine moliusk Rangia cuneata.

Bull. Environ. Contam. and Toxicol., 10:315.

= Reinert, R.E., 1970, Pesticide concentrations in Great lLakes fish.

Pesticides Monitoring Jour., 3:233.

Reihert, R.E., 1972, Accumulation of dieldrin in an alga (Scenedesmus

obliquus), Daphnia magna, and the guppy (Poecilia reticulata). Jour,

~ Fish, Res. Bd. Canada, 29:1413.

Rice, C.P. and H.C. Sikka, 1973. Fate of dieldrin in selected spacies

of marine algae. Bull. Environ. Contam. and Toxicol., 9:116.

Sanders, H.0. and 0.B. Cope. 1966. Toxicities of saveral pesticides

to two species of Cladocerans. Trans. Amer. Fish Soc. 95:165.

K Sanborn, J.R. and C. Yu, 1973. The fate of dieldrin in a mode! ecosysten.

‘/'\\

Bull. Environ. Contam. and Toxicol., 10:340.

Tarzweil, C.M. and C. Henderson, 1956. Toxicity of dieldrin to fish.
Trans. Amer. Fish. Soc., 86:245.

Walker, A.I.T., et al., 1972. The toxicity of dieldrin (HEOD). I.

Long-term-toxicity studies in mice. Food Cosmet. Toxicol., 11:415,

o A3



LY T

CHLORDANE

0.01 ug/l for freshwater aquatic life.
0.004 uwg/l for marine aquatic life.

The persistence, bioaccumlation potential
and carcinogenicity of chlordane cauticns
hman exposure to a minimam.

RATICNALE :
Since chlordane is a highly persistent chemical which bicaccumilates
in aguatic organisms used for human food and also is considered a |

potential human carcinogen (Train, 1974), levels of chlordane in water-

ways should be kept as low as feasible. The December 24, 1975 action by

the Envirormental Protection Agency in suspending the production and use
of chlordane should result in a gradual decrease in concentrations in

the environment. Such additions should not be i:e.mitted

without substantial documentation that alternatives are either infeasible
or potentially more hazardous. The persistence, bicacscumulative properﬁes
and carcinogenic potential of chlordane should be taken into account when

determining the uses of water with measurable amounts of chlordane.

Literature references indicate the existence of an extremely wide
range for the acute toxicity of chloxdane to various species of fresh-
water fishes, As recorded, these values for 24— to 96-hour exposures
range fram 5 to 3,000 ug/l (Caxdwell, et al., 1975; Katz, 1961;
Lawrence, 195(0; Naticnal Technical Advisory Cammittee, 1968; Clemens
end Sneed, 1959; Macek, et al., 196%). Physical conditions varied

among the tests reported and, in addition, most were conducted under

73

ax



static conditions and actual water concentrations were not measured.
Although individual acute toxicity values may be questionable, scme
tests using several species under uniform conditions irdicate that
variability of experimental techniques alcne cannot account for the
wide range of values published. A recent study by Cardwell, et al.,
(1975} utilizing flow-through systems and measured concentrations of
chlordane yielded 96~hour ICS0 values of 37, 47, and 59 ug/l for
fathead minnows, brook trout, and bluegills, respectively. These
values fall within the rang'e of the majority of acute toxicity values
reported in the literature. The most sensitive fish reported was the
pike, which suffered distress after 24 hours at 5 ug/l and 100 percent
mortality within this period at 50 ug/l (Ludemann and Newmann, 1962).

Published acute taxicity values for U.S. freshwater invertebrates
are similar -to those forlfisl'nes and range from 4 to 10,000 ug/l
(Caxdwell, et al., 1975; Naqvi and Ferguson, 1969; National Technical
Advisory Committes, 1968; Sanders 1969, 1972). Daphnia macna ard

‘Hyallela azteca tested wnder flow-through conditions yielded 96~hour

" IC50 values of 28 and 97 ug/l (Cardwell, et al., 1975), falling within

the range of the rnajorz.ty of valw—as reported for acute toxicity to

 invertebrates. The ost sensitive species reported was the glass
.shrmp, Palaetmnetes kadiakensis, with 96~hour ICS0 values of 10

and 4 ug/l, respectively, in static versus flow-through bicassays
{Sanders, 1972). ILudemann and Nelmam (1962) found that Chironcmus
larvae had a 24~hour static test IC50 value of 10 ug/l.
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_ Cardwell, et al. (1975), conducted long-term flow=-through studies
which included reproduction and survival of progeny with several aquatic
species. Statistically significant detrimental effects could not be
measured at concentrations of 0.5 ug/l (bluegills), 0.7 ug/l
(Chironamss No. 51, a midge), 5 ug/l (Hyallela azteca)  and 12 ug/l
(Daphnia magna). Survival of brock trout larvae to 12 days was reduced

by 35 percent at 0.3 ug/l (the lowest concentration tested) but overall

effects were decreasing at this level.

Avaiiable acute toxicity values :md:.cate that individual species
of both fishes and invertebrates vary greatly in semsitivity to chlordane
but both groups are within the same general range. Most of these acute
toxicity values are also nearer to the lower limits of thié sénsitivity
range. Data fc;r the application factors derived using acute and sub-
chromic toxicity concentraticns are limited to the study by Cardwell,
et al. (1975). These factors were 0.009 and less than 0.008 for the
fishes and 0.381 and 0.055 for the invertebrates.

Nominal pesticide concentrations in the- water were reported for

these tests. The true concentraticns of chlordane may have been somewhat

lower as Cardwell, et al. (19'7_5) , found that concentrations could npt be

maintained above half of nominal even when the test water was continually

replaced. Therefore, the water quality eriterion should be set lower

than the calculated value using the experimentally determined application
factor { 0.009:X 5.0 ug/l = 0.045 ug/1). For this reason the calculated
value for chlor@ane is rmumdedx@mwex lowered to a recommended concentration

in freshwater that shoul'ld, not exceed 0.01 ug/1. If the
proposed freshwater water quality criterion of 0.01 is not

exqeeded it is estimated that levels reached in freshwater

'y
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fishes should seldom be greater than 1.0 mg/kg. Based on present
knowledge, it is not anticipated that a concentration of this magnitude

would be detrimental to piscivorous birds.

Michael, et al. (1956), found that the time required to kill cne-

half of the brine shrimp, Artemia salina, nauplii exposed to 10 ug/l

was 2-3 hours. Butler, et al. (1960), determined that 24 hours' exposure

of the oyster, Crassostrea virginica, to 10 ug/l chlordane produced growth

inhibition.

Korn and Earnest(1974) found the 96-hour LCS50 of chlordane to he

11.8 ug/l for the striped bass, Morone saxatilis. Butler (1963) reported

ﬂie‘foilm:ing 48-hour IC50 values: hrown shrimp, Penaeus aztecus —

4.4 ug/l; juvenile blue crabs, Callinectes sapidus — 480 ug/l; and
juvenile white mallet, Mugil curema — 5.5 ug/l. Parrish, et al. (In Press),

reported the following 96-hour IC50 values: pink shrimp, Penaeus duorarim —-

0.4 ug/l; grass shrimp, Palasmonetes pugio — 4.8 ug/l; sheepshead minncow,

Cyprinodon variegatus == 24.5 ug/l; and the pinfish, Lagodon rhomboides —

6.4 ug/l;' The ECSO-'fjor sfmll‘déi:ositidn by the eastern oyster, Crasscetrea

virginica, was found to be 6.2 ug/l. The most sensitive marine species

tested was the pink shrimp, Penaeus duorarum, for which a 96-hour ICS0

of 0.4 ug/1 wasreported

It appears that reportéd'oonoentrations c->f. "total chlordane" in
fishes have been calculated from measurements of cne or two of its
major components under the assumption that the ratio of camponents was
-similar in both the parent campound and the tissue residues. More
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sophisticated analyt:.cal techniques currently available indicate that
this assumption is in error and, in addition, the components in tissue
résidﬁes may have been incorrectly quantified. Fishes can concentrate.
chlordane directly from.weter by a factor of 1000 to 3000 times and
invertebrates may cohcentrate to twice this magnitude (Cardwell, et al.,
1975). Data on the bicaccumlation of chlordane by estuarine crganisms

have been reported by Parrish, et al. (In Press). In the 96~hour test,

chlordane concentration factors were 3,200 to 8,300 in oysters, Crassostrea

virginica ;' 4,000 to 6,000 in pink shrimp, Penasus duorarum ; 1,900 to

2,300 in grass shrimp, Palasmonetes pugio ; 12,600 to 18,700 in pinfish,

Lagodon rhomboides . Schimmel, et al., (In Press), exposed estuarine

fisheé to trans~chlordane for 96 hours and reported concentration factors
ranging frem 3,700 to €.300 in edible portions. Reported concentrations
of 10 to 100 ug/kg wececamon in fish samples abtained throughout the |
U.S. and a few residues above 1000 ug/kg were observed (Henderson, et al,,
1969 and 1971). Corresponding water concentrations are not available, but
measurements above nanogram/liter levels have seldom been found in natural
waters except near fhe discharges of manufacturing and formulating
operations (Barthel, et al., 1969; Casper, 1967; Godsil and Johmson, 1968).
Therefore, allowing for errors in residue measurements and lack of direct
correlation, the possibility exists that fishes can concentrate chlordane
up to 100,000 times the ambient water concentration. High rates of
acoumilation could occur in higher trophic level organisms through maltiple
steps in the food chain although evidence directly i:elated to chlordane

is not available to support this hypothesis.

t.‘i

PO



r

- Based on the pefsistence, bicacoumilation potential and
carcinogenicity of chlordane, an application factor of .0l is arpliad
. to the most sensitive marine agquatic species, the pink shrimp. This
results in a marine criterion of .004 ug/l.
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“Chlorophenoxy Herbicides
2, 4-D; 2, 4, 5-TP

CRITERIA:

2, 4-D 100 ug/1 for domestic water supply (health)
2,4,5=-TP 10 ug/1 for domestic water supply (health)

RATIONALE:

Two widely used herbicides are 2, 4-D'(i,
4-dichlorophenoxyacetic acid) and 2, 4, 5-TP (silvex) [2-(2, 4,
5-trichlorophenoxy) propionic acid]. Each ofifhese compounds is
formulated in a variety of éalts and esters that may have a
marked difference in herbicidal properties, but all are

hydrolyzed rapidly to the corresponding acid in the body.

The subacute oral toxicity of chlorophenoxy herbicides has
been investigated in a number of species of experimental'animals
(Palmer and Radeleff, 1964; Lehman, 1965). The dog was found to
be sensitive and often dispTayed mild injury in -
response to doses of 10 mg/kg/day for 90 d&ys, and serious
effects from a dose of 20 mg/kg/day for 90 days. Lehman (1965)
;eported that the no-effect level of 2, 4-D is 0.5 mg/kg/day in
the rat, and 8.0 mg/kg/day in the dog.



2000 Mg (about 37 ng/kg) (Seabgry, 1963), a Nineteeth and fina}l
dogse of 3600 mg (47 mg/kg) Preduced milg Symptoms,

allowable intake per Person. sgipee little 2, 4-p or 2, 4, 5emp

is expected to Qécur_in foods, 2¢ Percent of the safe exposure
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TABLEQ. DERIVATION OF APPROVAL LIMITS (AL) FOR CHLOROPHENOXY HERBICIDES

Lowest Long-Term
Levels with

Calculated Maximum Safe Levels

LRI TS RTINS

Minimal or No Effects From all Sources of Exposure HWater
: . Safety b % of AL
Compound Species mg/kg/day Factor (X) mg/kg/day mg/man/day Safe Level mg/l
2,8-D Rat 0.5+ 1/500 0.1 7.0
: S - 20 0.1
Dog 8.0 ** 1/500 . 0.016 1.124
L 2,4,5-Tp Rat 2.6 * 1/500 0.005 0.35
3 - 20 0.01
Dog 0.9 *

1/500

0:002 0.134

2 Assume weight of rat = 0.3 kg and of dog =

of rat = 0.05 kg and of dog = 0.2 kg.

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

d Chosen as basis on which to derive AL.

10 kg; assume average daily food consumption

*  Kraus, as cited by Mitchess, J.W., R.E. Hogson, and C.R. Gaetjens, 1946.

** |ehman, A.J., 1965.
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CRITERION:

0.007 ug/1 for freshwater and marine aquatic life.

The persistence, bicaccumilation potential
and carcinogenicity of DDT cautions human
exposure to a minimm.

RATIONALE: _

~ In general, DDT (1,1,1-trich1oro-2,2ubis(p—ch1oropheny1)ethane) :
refers to DDT and its metabd]ites. Acute toxicity to mammals generally
is low; however, aquatic organisms exhibit sensitivity to this pesticfde
ét 1eveis in micfograms pér 1iter;- Such 1éve1s range from a 96-hoﬁr |

LC50 of 0.24 ug/1 for the crayfish, Orconectes nais {Sanders, 1972),

to a 96-hour LCS0 of 2 ug/1 for the largemouth bass, Micropterus sa1mbides

{Macek and McAllister, 1970), to a 96~hour LCS0 of 27 ug/1 for the

goldfish, Carassius auratus (Henderson, et al., 1959).

Since DOT is a highly persistent chemical which bicaccumulates in
agquatic organisms used for human fbod and also is considered a potehtia1
human carcinogen {Train, 1975), levels of DDT in Waterways should be kept as
low as feasible. ~ Action by the Environmental Protection Agency in
suspending the production and use of DDT should result in a gradual
decrease in concentrations in the environment. such
additions should not be permitted without substantial documentation that
alternatives are either infeasible or potentially more hazardous. The

persistence, bioaccumulative properties and carcinogenic potential of
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:'(Young and Beeson, 197QE; DDT in ocean water along the west coast has

DDT should be taken into account when determining the uses of water

containing measurable amounts of DDT.

‘Two- to 4-day LC50's for freshwater aquatic inverteprates and fish
exposed to DDT in water generally have ranged in the low microgram per
Titer levels with the invertebrates being somewhat more sensitive
(Sanders, 1969; Sanders, 1972; Sanders and Cope, 1966 and 1968
Henderson, et al, 1959; Macek and McAllister, 1970). The most seansitive
freshwater organism for which there are data is the crayfish, Orconectes
nais, which had a 96-hour LC50 of 0.24 ug/1 (Sanders, 1972). Of marine

organisms the most sensitive are the shrimp, Penaeus dugrarum and P.

‘setiferus, for which no survival was observed at 0.12 ug/1 after 28 days'

exposure and 30 percent horta]ity observed at 0.05 ug/] after 56 days
(Nimmo, et al., 1970)

DDT will accumulate in the food chain. Field data where pesticide
levels in both the water and aguatic organisms have been measured depict

the quantity attributable to this bioaccumulation. A residue accumulation

“of up to two m11lion't1mé§ was ca1culated for fish from the field data

of:Réinerth(TQYOJ._‘Thé measufed'DDTVWater concentration in his study of

Lake Mich1gan'was in the nanogram per Titer range. This accumulation

s 20_times_greater than that observed in the National Water Quaiity

Labbﬁatory, Duluth, ﬂinnesﬁta, where residue accumylation of 100,000 times
wa§ observed, If oﬁe uses a two million times residue accumulation facter
and a DDTrwater cdncentrat1on of 0.002 ug/7 an expected DDT body burden

of74 mg/kg (ppm) in fish would result.

"':OthéflﬁfUdies show that measurable quantities of BDT can be found

' in natural waters of North America. DDT averaged 0.02 ug/1 in the San

Diego River, California, in the spring-fall dry weather flow of 1973

J
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ranged from 0.0023 to 0.0056 ug/1 (Cox, 1971}. Rivers flowing
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into estuaries (Brazos and Colorado in Texas) each have a two-year

average of 0.03 ug/1 (Manigold and Schulze, 1969)..

If1aboratory studies, Hansen and Wilson (1970) found that the. bio-

accumu]ation factor from water to pinfish, Lagodon rhomboides, was

10,000 times and to Atlantic croaker, Micropogon undu1atus, 38 000 t1mes,

or an average of about 25,000 times for these f1shes The d1screpancy
_be;ween_]aboratory and field data ‘may be due to the.many additional
trophic levels involved in field exposures.

In controlled studies, Heath, et al. (1969) determined that DDE, in

I

concentrations of 10 and 40 ppm DDE in dry feed, 1mpa1red reproduct1ve

success of penned ma]]ards, Anas platyrhynchos. Eggshells of birds

exposed to these concentrations were 13 percent thinner, with 25 percent
of the eggs showing cracking after one month., DDT induced thinning of

shells at a concentration of 25 ppm with an 18 percent cracking of the

shells. Since DDT metabolizes to DDE, eggshell thinning may be partly

due to DDE. The association of DDE residues with eggshell thinning

was shown for the brown pelican, Pelecanus occidentalis (Blus, et al.,

1872). The level of DDE in the eggs which did not produce a significant
effect, i.e., thinning, was estimated to be 0.5 mg/kg. However, from the
data presented, 2.0 mg/kg represents a conservative estimate of the no-

effect level 1n the eggs.

Feeding studies have shown that black ducks fed DDT in food produced
eggs containing residues of about ten-fold the DDT in the diet. Further-

more, a continuous diet of 3.0 mg/kg (wet weight) in natural food

T
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adversely affected reproduction (Longcore, et al., 1971). Extrapolating
the egg concentration data in ducks to pe]icans)an estimate can be mads
that the diet of pelicans shoyld contain no more than 0.1 the estimated

(2J0 mg/kg) no-effect level of DDT in eggs, or about 0.2 mg/kg.

Based on the considerations of bicaccumulation potential in fish,
Tikelihood of conversion to DDE, and dosage levels kncwn to adversely

affect'b1rds, it is recommended that ODT concentrations 1n water should

not exceed 0,001 ug/1.
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DEMETON

CRITERION:

0.1 ug/l for freshwater and marine aquatic 1ife
RATIONALE:

Static IC., bicassays yielded toxicity values for the ofgaﬁo-
phosphorus pest1c1de, demeton. for carp, goldfish, fathead minnow,
channel catfish, guppy., rainbow trout. and b1ueg111 ra.ngmg from 70 ug/l
to 15, 000 ug/l1 (Henderson and Pickering, 1958; Ludemann and Neumann, 7
1962; Macek and McAllister, 1970; McCann and Jasper, 1972; Pickering,
et al., 1962). Results of thege tests demonstrate aﬁ'apparent sharp |

division in species sensitivity, with bluegill, Lepomis macrochirus; ‘rain-

bow trout, Salmo gairdneri; and guppy, Poecilia reticulata, being
suscéeptible to lower concentrations while the remaining species were:_,.
comparatively resistant., In the 96-hour exposures toxicity did not m-
crease significantly with time, indicating that concentrations close td

nominal may not have been maintained for more than a few hours. Bluegills

with a 24-hour LC50 of 70 ug/l were the most sensitive fish (McCann and

Jasper, 1972).

When fish were exposed to acutely toxic levels of demeton for 12 hours
by Weiss (1959 and 1961) the maximum inhibition of brain acetylcholin-
esterase (AChE) 'was not reached. The lowest levels of Achg occurred
after 24 to 48 hours. It was demonstrated that maximum inhibition could

last as long as two weeks after exposure, and subsequent recovery to
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_effects while 100 percent were killed at 1000 ug/l. Calculated LC

levels approaching normal took many more weeks, Weiss (1858)
reported a significant increase in mortality of fathead minnows exposed
for a second time to the organophosphate, Sarin, before the fish had
recovered normal brain AChE levels. The resistance of fully recoverad
fish was equal to that of previously unexposed controls, Weiss and
Gakgtatter {1964a) reported no significant inhibition of brain 2ChE in

bluegills, goldfish, and shiners, Notemigonus crysocleucas, following

15-day exposures to demeton at continuously replenishéd. nominal concen-

. centrations of 1l ug/l.

- Acute toxicity values reported for invertebrates range from 10 to

100, QOO‘ ug/l (Ludemann and Neumann, 1962; Sanders, 1972). In general,
molluscs and tubifex worms were very resistant while the smaller
crustaceans and insect larvae were susceptible, Ludemann and Neumann

{(1962) reported that Chironomus plumosus larvae were the most sensitive

species they tested. A 24-hour eprsure at 10 ug/1 produced undefined

50 g_lata

“for invertebrates apparently are limited to a single, nominal concentration

* static exposure of Gammarus fasciatus (Sanders, 1972). These 24- and

- 96-hour LGy, r-va_lueé. are reported ag 500 and 27 ug/l, indicating a

time-related effect not ob-éerved in the bioassays with fishes. As only a

few of the sensitive species have been tested and great variance in

'ﬁ'response can result with different test methods, caution must be exercised

in estimating the sub-acute concentration for aquatic fauna in general.

It appears that no study has been made of possible residual effects, other

' than - AChE ™ inhibition, which 'ﬁlight result from short exposures to sub-

acute cori_déritr-ations of organophosphates,
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There are few data oh the toxicity of demeton to marine organisms.
Butler (1964) reported a 48-hour B:SO of 63 ug/l for the pink shrimp,
Penasus duoranm, and a 24-hour IC of 550 ug/1 for the spot, Leiostcmus

50

Chronic demeton tmu.c:.tydata for freshwater organisms are not currently.

available. Since there are no data available at this time to indicate

long~term no-effect levels for aquatic organisms, a criterion must be
Gerived based partly on the fact that all organcphosphates inhibit the
production of the ACHE enzyme. Demeton is unique, rméve'r, in that the
persistence of its ACKE inhibiting ability is greater than that of ten
other comon: organophosphates, even t}nugh 1ts acute tox:.c:.ty J.s apparently
less. The effective "half-life" of ACHE inhibition for demeton is greater |
than cne year (Weiss and Gakstatter, 1964b). Because such inhibition may
be additive with repeated exposures and may be compounded by any of the
orga.ncphosphates,.it is reocommended that a criterion for demeton be based
primarily on its enzyme-inhibiting potential. A criterion of 0.1 ug/l “
demeton for freshwater and marine aquatic life is recommended since it B
will not be expected to significantly inhibit ACHE over a prolonged period
of time. In addition, the criteria recommendation is in close agreement -
with the criteria for the other organophosphates.

2L,
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ENDOSULFAN

CRITERIA:
0.003 ug/1 for freshwater aquatic 1ife;
0.001 ug/1 for marine aquatic life.
RATIONALE:

The acute toxicity of endosulfan (also known as thiodan) to
different fish species varies widely. Macek, et al. (1969) exposed

rainbow trout, Salmo gairdneri, to endoSu]f‘an at three temperatures

and computed 24-hour and 96-hour LC50s. At 1.6° C, 7.2° ¢, and

12.7° C the_24-hour LC50's were ]3,76.1,_and 3.2 ug/1, respectively.

The correspanding 96-h0ﬁr.LC50 va1ues-wefe_2.6,,1.7,.ﬁnd 1.5 ug/1.
Schoettgef (19?0), however, reports the 96-hour LCsg forﬁrainbow.trout “

tobe 0.8 ug/lat 1.5° C and 0.3 ug/1 at 10° C. He also determined the

96-hour LC for the western white sucker, Castostomus commersoni, to
50 o
be 3. 5ug/1 at 10 C and 3, Ougll at 19 C. ‘

A masswe f!.Sh kLll m the Rh1ne Rwer was’ attrlbuted to a max1mum

concentratlons of 0.7 ug/l endosulfan (Greve a.nd Wit, 1971) The 86-hour
0

LC .at20 C'in a static biocassay using the guppy, Poec111a reticulata,
50

- was 4.2 ug/l based on the computed concentration. The measured

concentration was only 0.2 ug/l (Herzel and Ludemann, 1871).

The 24-, 48-, and 96-hour LC Tfor the amphipod, Gammaruys
b50s
lacustris, were found to be 9.2,.6.4, and 5.8 ug/1 (Sanders, 1969).
Sanders and Cope (1968) determined the 24-- 48-. and 96-hour LC50's

-~ for nalads of the stonefly, Pteronarcys

-
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californica, to be 24, 5.6, and 2.3 ug/1, respectively. The 96-hour

LCgg for Gammarus fasciatus was found to be 6.0 ug/1 (Sanders, 1972).

No data are available on the levels to which endosulfan could be

expected to accumulate in tissues of aquatic organisms at various water

concentrations. Residues in fish are not anficipated to pose a hazard
to fish-eating predators because of endosulfan's low oral toxicity to
birds (Heath, et al., 1972) and mammals {Lindquist and Dahm, 1957). The
U.S. Food and Drug Administration has not set allowable Timits for

endosulfan in edible fish tissues.

A 0.01 application factor applied to the lowest measured 96-hour
LCs for the rainbow trout {which appears'tbﬂbe the most sensitive

native freshwater organism) results in a freshwater criterion of 0.003 ug/1.

Portman and Wilson (1971) determined the acute toxicity of
endosulfan to a marine fish and several invertebrates by means of static

bioassays. The 48-hour LCgg for thewpogge a fish » AgOnus cataphractes,

was 30 ug/1; the 48-hour LCgy for a mussel, the European cockle,

Cardium edule, was greater than 10,000 ug/1; the 48-hour LCgy for the

shrimp, Crangon crangon,‘was‘lo ug/1.

But]ef (1963) reported a 48-hour ‘ECgq deathAor Toss of equilibrium

of 0.2 ug/1 for the brown shrimp, Penaeus aztecus, a 48-hour ECgg for

juveni1e blue crabs, Callinectes sapidus, of 35 ug/1; and a 48-hour

ECgg of 0.6 ug/1 for juvenile white mullet, Mugil curema. A concen-

tration of 65 ug/]1 resulted in a 50 percent decrease in shell growth

of the American oyster, Crassostrea virginica, at 28° C and a salinity

Db



of 22 o/oo. Korn and Earnest (1974) report a 96-hour L5y of 0.1 ug/1

for the striped bass, Morone saxatilis.

Use of an application factor of 0.01 times the 96-hour LCsp oF
the most sensitive marine organism tested, the striped bass, results

in a marine criterion of 0.00] ug/1.
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ENDRIN
CRITERIA:
0.2 ug/1 for domestic water supply {health);
0.004 ug/l1 for freshwater and marine aquatic 1ife.
RATIONALE:

The highest level of endrin found to have minimal or no long-term
effects in the most sensitive animal tested, the dog, is 1.0 mg/kg in the
diet or 0.02 mg/kg of body weight/day (Treon, et al., 1955). Where adequate
human data are not available for corroboration of the animal results, the
total "safe" intake Tevel is éssumed to be 1/500 of the "no effect"

or "minimal effect" level reported for the most sensitive animal tested. :

e . _
Applying the available data and based upon the assumptigﬁithat_EU

percent of the total intake of endrin is from drinking water, that the

‘average person weighs 7C kg and consumes 2 liters of water per day,.the:

- formula for calculating a criterion is .02 mg/kg x 0.2 x 70 kg x 1/500 x.w

1/2 =.00028 mg/1 thus deriving the criterion level for domestic water

supply of 0.2 ug/1.

Toxicity data for the flagfish, Jordanella floridae, indicate that

the “"safe” concentration as determined in a long-term exposure involving
raproduationris about 0.30 of the 96-hour LCg, (Hermanutz, 1974). Ninety-
six-hour LCSD's for some of the sensitive freshwater fish tested are as
tollows: bluegills, 0.8 ug/1 (Henderson, et al., 1959); rainbow trout,
0.6 ug/1 and coho salmon. 7.5 ug/1 (Katz, 1961); juvenile striped bass

(freshwater and estuarine iife-phase), 0.094 ug/1 (Korn and Earnest, 1974);
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cutthroat trout, 0.113 ug/1 (Post and Schroeder, 1971). Therefore, the
estimated "safe" water concentrations for these sehsitive fiSh, based

on the flagfish application factor is approximately 0.03 to 0.18 ug/1.

Stonef]y naiads appear to be the most sensitive invertebrates
tested. Jensen and Gaufin (1966) found the 30-day LCgq for the naiad,

Acroneuria pacifica, to be 0,035 ug/1. Based on these data, the safe

water concentration should be less than 0.035 ug/1 to fully protect stone-
flies throughout their entire 1ife cycle, as well as organisms more sensitive

than those that have been tested.

Fathead minnows, Pimephales promelas, exposed to 0.015 ug/1 in the
ambient water had total body residues 10,000 times greéter than the wate;
concentrations {Mount and Putnicki, 1966). Residue accumulation up to
10,000-fo1d was 6bserVed iﬁ flagfish exposed for 60 days to several

concentrations between 0.05 and 0.3 ug/1 {Hermanutz, 1974). Concentraticn

factors for estuarine organisms exposed to endrin for 96-hours'werg a.
" naximum of 1,600 in oysters, 1,100 in pink shrimp;raso in grass shrimp,
4,500 in sheepshead minnows and 2,500 in the sailfin molly (Schimmel,
.'ggtgl:, 1975 ). Johnson (1967) calculated the concentration in adult
- medeka tissue to be 1?,000 to 26,000 times the water concentration. It
: ~ 1s quite possible that some- fish would accumulate endrin to 30,000'time§-
- -water concentration. This degree-of.accumu1ation is based only on
“'3‘055ervations of uptake directly from the water and does not allow for
Q'ﬁaccumu1ation via the food chain or significantly higher accumulation

rates possible in other, untested fish species.

Endrin has been found to be eliminated quickly after termination

of exposure,. Channel catfish tissue residues were reduced

2
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7 from 0.41 to 0.02 ug/g (about 95
percent reduction) within 13 days after the addition of endrin to the
water was stopped (Argyle, et al., 1973). Marine spot tissue residues. '
of 78.0 ppb were reduced be1oﬁ detection levels within 13 days (Lowe,
1966). Recent unpublished data showing that flagfish eliminated about
95 percent in five days support this observation. This apparent ability
to excrete endrin readily may reduce the threat of extremely high

residue accumulations.

Levels of 0.1 ug/1 have been shown to be 100 percent lethal

to the marine spot; Leiostomus xanthuras, within five days, while

apprdximate]y‘ha1f_the population survived at-a 1éve1-of'0,075‘ug/1 g
after 19 days (Lowe, 1966). |
Davis and Hidu (1969) reported the 48-hour Tlm of American oyster
eggs to be 0.79 mg/1 and the 14-day Tlm for Tarvae fo be greater'than
10 mg/1.
Eisler (1969) determined

the following 96-hour LCgg values:- Sand shrimp, Crangon septemspinosa -

1.7 ug/1; grass shrimp, Palaemonetes pugic - 1.8 ug/1; and hermit crab,

Pagurus longicarpus - 12 ug/1. The following 96-hour LCgy values were

reported by Eisler (1970): Atlantic silverside, Menidia menidia -

0.05 ug/1; blue head, Thalassoma bifasciatum -~ 0.1 ug/1; striped killifish,

Fundulus majalis - 0.3 ug/1% striped mullet, Mugil cephalus - 0.3 ug/1;

American eel, Anguilla rostrata ~ 0.6 ug/1: mummichog, Fundulus

heteroclitus ~ 0.6 ug/1; and Northern puffar, Sphoeroides maculatus -

3.1 ug/l. The 96-hour LC50 for striped bass was 0.09% ugle

o 72
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(Korn and Farnest, 1974),shiner perch, Cymatogastes agoregata, 0,12

ug/1l and dwarf perch, Micrcmetrus minimis, 0.13 ug/l (Earmest and Benville,

1972). Ninety-six hour ILC50's based on measured concentrations were

0.63 ug/l for sailfin mollies, Poecilia latipinna, 0.38 ug/l for sheep-

shead minnow, Cyprincdon varieqatus, 0,63 ug/l for grass shrimp,

Palaemonetes pugio, and 0.037 ug/l for pink shrimp, Penaeus duorarim

(Schimmel, et al., 1975). Data on the effects of endrin in an exposure
throughout’: the entire life cycle of the sheepshead minnow indicate

| that a "safe" concentration to protect for reproductive effects would

. be about 0.3 of the 96-hour IC50 (Hansen, In Press). An application factor of

€.01 of the 96-hour IC50 may be over protective, Therefore, for endrin

this factor should be 0.1. Based on this, the critericn for salt water

should be 0.1 of the 96-hour IC50 for pink shrimp: 0.004 ug/l. This

. criterion should also be protective of freshwater ammatic life.

"
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GUTHION

CRITERION:

.01 ug/1 for freshwater and marine aquatic life, -

RATIONALE: _
Ninety-six-hour LCgy values for fish exposed to the organophosphorus
pesticide, guthion, range from 4 to 4,270 ug/] (Katz, 1961; Pickering, et al.,

1962; Lahav and Sarig, 1969; Macek, et al., 1969; Macek and McAllister,
1970). The only long-term fish exposure data available are those obtained

recently by Adelman and Smith (unpubiished data). Decreased spawning (eggs

produced per female) was observed in fathead minnows, Pimephales promelas,

- exposed during a complete life cycle. An estimated "safe" long-term

exposure concentration for féthead minnows 1ies between 0.3 and 0.5 ug/1.

Survival of larvae was reduced at approximately 0.7 ug/1.

An investigation of the persistence of guthion in fish revealed that
50 percent of the chemical was lost in less than 1 week (Meyer, 1965).
Analysis of plankton and pondwater in the same study indicated a 50 percent
loss of guthioh in about 48 hours. Flint, et al. (1970) determined the
half-1ife of guthion at 30° C in pendwater and in a phosphate buffer
nrotected from light in the laboratory. The half-1ife in pondwater was
1.2 days whereas that in the laboratory solution was 10 days. The more
rapid degradation in pondwater was attributed to the effect of sunlight

and microorganisms. .

Organophosphate pesticides are toxic because they inhibit the enzyme

acetylcholinesterase (AChE) which is essential to nerve impulse conduction

P
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and transmission (HoI1and, et al., 1967). Weiss (1958, 1959, 1961)
demonstrated that a 40 to 70 percent inhibition of fish brain AChE
usually 1s lethal. Centrarchids generally are considered one of the
more sensitive groups of fish to guthion (Pickering, et al., 1962; Weiss
and Gakstatter, 1964; Meyer,‘1965). Weiss and Gakstatter (1964) found

that over a 15-day period bluegills, Lepomis macrochirus, exhibited .AChE

Inhibition at 1.0 ug/1 guthion but not at 0.1 ug/1. Exposure at 0.05 ug/1

for 30 days also failed to produce inhibition below the range of noymal

~ variation, but the authors~stated that it appeared there was a downward

trend in bra1n enzyme act1v1ty and that 1f exposure was continued a

"‘fdef1n1te reduct1on m19ht deve]op Weiss (1961) found that about 30 days
. were requ1red for fathead m1nnow and b]ueg111 brain AChg levels to recover

- after 8 to 24 hours exposure to 10 ug/1 guth1on

Benke and Murphy {1974) showed that repetitive injection of fish

with guthion caused cumulative inhibition of brain AChE and morta]ity:

After substantial Tnhibition by guthion-exposure, it takes severa1 weeks

far brain AChE. of f1shes to return to norma1 even. though exposure is

16!
discontinued (Weiss. 1959 and Carter, 1971) Inh1b1t1on of brain

‘?-AChE of f1shes by 46 percent or more has been associated with harmful
'r‘zfeffects in exposures to other organophosphate pest1c1des for. a 11fe cycle
* (Eaton, 1970) and for shorter periods -(Carter, 1971, Coppage and Duke, 1971;
'Coppage, ]972; Coppage_and:Matthews, 1974; Post and Leasure, 1974;'Coppage,

et al..In Pressh In static tests, similar inhibition of ACKE and mortality

were caused in the eheepshead minncw,:Cyprinodon‘variegatus, in 2, 24, 48,

and 72 hours at concentrations of 50 7, 3.5, and 3 ug/1, respectively

'(Coppage, 1972). These data 1nd1cate that reduction of brain AChE activity

‘h_,of marﬂne f1shes by 70 to 80. percent or more in-short-term. exposures to

guth1on may be assoc1ated w1th some deaths
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There is no evidence to indicate that guthion would cause adyerse
effects through the food chain. Tissue residue accumulation for whole - \\_1/2
fish calculated from the data of Meyer (1965) indicate no more than a 20-
fo]d'accumuiation. LDgg toxicity values for birds are relatively high and

range from 70 to 2,000 mg/kg (Tucker and Crabtree, 1970).

Ninety-six-hour LCxq values for aquatic invertebrates rangé from
0.10 to 22.0 ug/1 (Nebeker and Gaufin, 1964; Gaufin, et al., 1965; Jensen - -
and Gaufin, 1966; Sanders and Cope, 1968; Sanders, 1969 and 1972). Sanders

(1972) exposed the grass shrimp, Paleomonetes kadiakensis, to guthion in

a continuous flow bioassay for up to 20 days and found that the 5-and -

20-day LCgq values were 1.2 and 0.16.ug/1, reSpectjvé1y. He found that

the amphivod, Gammarus fasciatus, was the most sensitive aquatic'okganism
tested, with a 96-hour LC50 of 0.10 ug/1. Jensen and Gaufin (1966),

also using a continuous flow system, exposed two species

of stonefly naiads in 4- and 30-day studies. They observed 96-hour and

30-day LCgy values for Acroneuria pacifica of 2.0 and 0.24 ug/1, resbectfngy, S

whereas for Pteronarcys californica the values were 4.6 and 1.3 ug/1,

respectively.

Results of other toxicity studies on marine organisms have
been reported. The 24-hour LCgy for the white mullet, Mugil curema, was
found to be 5.5 ug/1 guthion (Butler, 1963). The 96-hour LCgqy for the

striped mullet, Mugil cephalus, was determined by Lahav and Sarig (1969)

to be 8 ug/) guthion. Portman (1972) reported the 48-hour Llgg for the



fish, Pleuronectes limanda, to be 10 to 30 ug/1. The 48-hour L050 for

the European shrimp, Crangon crangon, was found to be 0.33 ug/1 guthion
“(Portman, 1972). Butler (1963) found that thé 24-hour ECsg for blue crab,

Callinectes sapidus, was 550 ug/1 and the 48-hour ECgy for pink shrimp,

Penaeus duorarum, as 4.4 ug/1 guthion. The 48-hour TLm was estimated to

be 620 ug/1 for fertilized oyster eggs, Crassostrea virginica, and 860

-~

ug/1 for fertilized clam eggs, Mercenaria mercenaria (Davis and Hidu, 1969).

A critérion level of@.01 ug/1 for guthion is based upon use of
an 0.1 application factor applied to the 96-hour LC50 of §.1 ug/1 for

Gammarus and a similar value of 0.3 ug/1 for the European shrimp.
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HEPTACHLOR
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C! RION:

001 ug/1 for freshwater and marine aguatic Tife.

The persistence, bioaccumutation potential and
carcinogenicity of heptachlor cautions human
exposure to a minimum.

RATIONALE:

The acute toxieity of heptachlor to mammals is generally low;
however, aquatic organisms exhibit sensitivity to this pesticide
at micfogram per liter lsvels, Such levals range from a 96=hour -

LCg, of 3 ug/l for the juvenile striped bass, Morone saxatilis

{Korn and Earnest, 1974) to a 96-hour LCsp of 111.9 ug/l for the

threespine stickleback, Gasterosteus aculeatus (Katz, 1961).

Sanders and Cope (1968) reported even lower 96~hour LCgo values fo

three species of stoneflies; Pteronarcys californica, 1.1 ug/ly

Pteronarcella badia, 0.9 ﬁg/l and Claasgenia sabulosa, 2.8 ug/l.

Anderson (1960) found that Daphnia magna were immobilized

after 50 hours exposure to 57.77 ug/l. A 48~hour Lcs0 of 42 ug/}

heptachlor for Daphnia pulex was reported by Cope {1966} .

Sanders and Cope (1968} determinad the %6-hcour LCg, values for the

steneflies, Pteronarcys californica, Pteronarcella badia and

.Claassenia gabulosa to ba 1.1, 0.% and 2.8 ug/l, respectively.




k]

. LC50's in flow-through biocassays: pink shrimp, Penaeus dugrarum

Sanders (1972} fpund the grass shrimp, Palaemonetas kadiakensis,
with a 96=hour LCg, of 1.8 ug/l, to be the most sensitive among
three crustaceans tested in static bioassays. Stoneflies,
therefore, appear to be the most sensitive group of freshwater

organisms among those tested.

Cope (1966) found the 48-hour LCgsy for heptachlor to the

bluégill, Lepomis macrochirus, and rainbow trout, Salmo

gaifdneri, to be 26 ug/l and 9 ug/I, respectively. The 96=hour
1Cgg of heptachlor for the bluegill was determined by Weiss (1964)
to be 19 ug/l., Katz (1961) found ﬁhat the 96-~hour LC50's of

heptaéhlor for the coho salmon, Oncorhynchus kisutch; chinook

salmon, Oncorhynchus tschawytacha; rainbow trout, Salmo

gairdneri; and threespine stickleback, Gasterosteus aculeatus,

were 59, 17.3, 19.4, and 111.9 ug/l, respectively. The 96-hour

Iz of heptachlor to the fathead minnow, Pimephales promelas;

bluegill, Lepomis macrochirus; goldfish, Carassius auratus; and

_ .guppy, Poecilia reticulata, wera determined to be 94, 230 and 170

;ug/l,_reapectively (Henderson,_gs al., 19591.

Data are available on mar1né animals exposed to heptachlor in

"96-hour flow-through bioassays. The 96-hour LC50 of the marine

bluehead, Thalassoma bifasciatum, was determined to be 0.8 ug/!

(Eis1er,_1970).,_K6rn and Earnest (1974) determined the 96-hour

LS50 using juvenile striped- bass, Morone saxatilis . ,to be 3.0

. ug/1. Schimme] gﬁ_gl.,(fn Press) reported the following 96-hour

)

Al

.~ 0.11.ug/1; grass shrimp, Palaemonetes vulgaris ’1.06 ug/t;

_sheepshead minnow, Cyprinodon variegatus, 3.68 ug/l; pinfish,

Lagodon rhomboides ,3.77 ug/1; soot, Leiostomus xanthurus ,0.85 ug/1.

Shell deposition of the American oyster, Crassostrea virginica ,was

inhibited by 50 percent (ECS0) at 1.5 ug/l heptachlor.

I
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Heptachlor will accumulate in the food chain,

Wilson (1965) demonstrated that oysters can concentrate heptachlor

almost 18,000 times (wet weight basis). Andrews et al.

- (1966) reported concentration factors as high as 1,840 in field =

tests with bluegill, Lepomis macrochirus. Since the effective

(as opposed to the applied) concentration was apparently lower
than the initial levels because of sorption and 5iologi¢al
uptake, true concentration factors must-have been higher than
reported. For example, 24 hours after treatment with 24 ug/l the

pond water eontained only 2 ug/l. Using this concentration and

the 46.0 ppm residue found in the fish, a concentration factor of

23,000 can be calculated, The involvement of several trophic

levels might also increase the degree of accumulation.

Schimmel, et al., (In Press) reported that heptachlor concentration factors
ranged from 2,800 to 21,300 in estuarine fishes exposed for 96 hours;
oyster Dbioconcentration factors ranged from 4,500 to 8,500, and factors of

206 to 700 occurred in similar tests with crustaceans.

Birds are sensitive to low dosages of heptachlor in ﬁheir
diet. Heath, et al. (1972) found the 5~-day LC, for the young of -
four species to range from 24 to 54 ppm. All wbodcockAdied from
a dietary dosage of 0.72 ppm and soma died from 0.22 ppm {(Stickel
and Stickel, 1965). Residues cf thisﬁmagnitude (0.2 ppm) would
result in fish or cther aquatic life if they ware exposed to 0.0l

ug/l of heptachlor and accumulated it at 20,000 times water

A7k



concentrations. Such residues wduld pose a hazard to hirds as
sensitive as woodcock that fed on these fish. Residues of this
magnitude fall just ﬁnder the 0.3 ppm guideline established by
the U.S. Food and Drug Adminiétration as the limit allowed in

edible fish tissue (U.S. Food and Drug Administration, 1974}.

Since heptachlor is a highly persistent chemical which
bioaccumulates in aqﬁatic organimé used for human food and also -
"is considered a potential human carcinogen (Train, 1974) levels
of heptachlor in waterways should be kept as low as feasiblas.
:The July 1975 action by the Environmental Protection Agency in
, suspending ﬁhe production and use of heptachlor should result in
-a gradual decrease in concentrations in the env:.rcmmentn Any
_addltlon of haptachlor to water should be cons;dered potentially
hazardous to humans. Such additions should not be permitted
'witbouﬁ subétantial documentation that alternatives are either

’ infaasib1e or potentially. more hazardous. The persistence,

-(Lbloaccumulatlve propertles .and carc1nogen1c potentlal of

; heptachlor should be taken lnto account when determlnlng the uses

o of wate:-containing measurable amounts. of haptachlor,

Using an 0.01 application factor to the 96-hour LCS0
: of'OL1 qg/].for the pink shrimp, a marine criterion of 0.001
| ug/i_is obtained. " Toxféity and demonstrated bioaccumulation
‘ potent1a1 of heptach]or in freshwater b1ota ref]ects the

app11cab111ty of the mar1ne cr1ter1on to freshwater

rrs
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LINDANE

CRITERIA:
4.0 ug/] fer domestic water supply (health);
0.01 ug/1 for freshwater aquatic Tite;
0.004 ug/l for marine agua*ic li%e
RATIONALE :

The highest level of lindane found to have minimal or no long-term
effects in the most sensitive imammal tested, the dog, is 15.0 mg/kg in
the diet or 0.3 mg/kg of body weight/day (Lehman, 1965). Where adequate

human data are not available for corroboration of the animal results,

‘;the'tbtai isafe" drinking intake Tevel is assumed to be 1/500 of the "no

effect" or “m1n1ma1 effect" level reported for the most sensitive

animal tested

Applying the available data and based upon the assumption that

.20 percent‘of the tdta]*fntake of Tindane is from drinking water, that

the average person we1ghs 70 kg and consumes 2 liters. of watnr per day,

'Lthe formu1a for ca]culat1ng a cr1ter10n is 0 3 mg/kg X 0 2 X 70 kg x 1/530 %
~-1/2 = ,004 mg, thus der1v1ng the criterion level for domestic water

' supp]y of 4 ug/]

: The brown trout} Salmo trutta, apparently is the fish most sensitive

to lindane among those species on which aguatic bioassays have been

performed, with a 96~hour LCgy of 2 ug/1 (Macek and McAllister, 1970).

. Several authors {Boyd and Ferguson, 1964; Naqvi, et al., 1969;

Minchew_and_Ferguson,.19?0)HHave documented increased

“resistance to lindane toxicity among fish and

29
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invertebrates experiencing previous exposure to the chemical. The most
sensitive invertebrates tested appear to be only slightly more sensitive
than fish. Two investigators (Snow,‘1958; Cope, 1965) repgrted TLm
values of 1 ug/1 for stoneflies. Sanders and Cope {1968) reported a

TLm for stoneflies of 4.5 ug/1 Tindane. Macek, et al. (1974) determined

the acute and chronic toxicities of lindane to Daphnia magna; the midge,

Chironomus tentans; and the scud, Gammarus fasciatus. The midge was the
most sensitive of these species, with 2.2 ug/1 being the highest concen-
tration producing no observable adverse effect. A concentration of 11

ug/1 was determined to be'"safe" for D Daphnia, the least sensitive, over

three consecutive generat1ons of expOSure

A criterion of 0,01 ug/l for fresh waters is derived by applying -
an application factor of 0.01 to the TLM for the stonefly, 1.0 ug/l. |
The brown trout, a sensitive human food organism, was shown
to have a 96-hour I.C  of 2.0 ug/l. Hence the criterion level
would provide for a msag'gm of safety for both recreationally 1mportant Crganisms
as well as trophic levels in the aguatic environment which are significant in the food

chain,

Only limited information is available on accumulation of lindane
in fish tissues. However, Macek, et al. (1974) observed whole-body
(eviscerated) levels (wet weight) of 500 times the corrgsponding water

concentrations in fathead minnows, Pimephales promelas, that had been

exposed for several months. Butler (1%67) chserved accumilations of up

i i i is).
o 250 times ewposure concentrations in marine mollusks (wet weight bas

QG2



The recommended guidelfne of the U.S. Food and Drug Administration
for lindane in edible fish tissue is 0.3 mg/kg (FDA, 1974). Thus, if
the observed 500-fold accumulation were to occur, a lindane criterion
of 0.01 ug/1 in water would result in a tissue concentration in freshwater

fish of .005 mg/kg, which is well below the FDA guideline.

:

Eisler (1969) reported 96-hour LC5g values of 5.0 ug/1 for both the
hermit crab, Pagurus longicarpus, and the sand shrimp, Crangon

septemspinosa, and 10 ug/1 for the grass shrimp, Palaemonetes pugio.

Butler (1963) found the following 48-hour LCgsy values: brown shrimp,

Penaeus aztecus - 0.4 ug/1; juvénile white mullet, Mugil curema -

30 ug/1; and the longnose killifish, Fundulus similis - 240 ug/l. A

96-hour LCgo of 7.3 ug/1 for the striped bass, Morone saxatilis was

reported by Korn and Earnest (1974). schinmel . (unpublished data)
founxl the pink shrimp, Penaeus duorarum, 96-hour ICS0 to be 0.17 ug/l,

grass.shrin'p Balzeronetes pugio, 4.4 wg/l and pinfish, Lagodon rhcmboides,
6 ug/1 in flow-through bioassays.

Until addltlonal data on the effect of lindane to marine organjisms
are avnj_labln, it is recarmemded that a marine crlterlon be based cn 0.01
| of the 0.4 ug/l 96~hour IC value‘for,tlj.e brown shrimp. - The marine
cr:.te_ra.on is. therefore, 05304 ugfl.
.Unpublished data suggest £hat the pink shrimp is a more sensitive
‘species than the brown- shrlmp,_however for ournoses of achievina
a criteri-on the publ:.shed data -_were used. A level of 0.004 ug/l should

provide a rmargin of safety for both sensitive species.
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MALATHION
CRITERION:

0.1 ug/l for freshwater and marine aquatic life,

RATIONALE «

The freshwater fish most sensitive to malathion, aﬁ
organophosphorus pesticide, appear to be the salmonids and.
centrarchids. Post and Schroeder (1971) report a 96-hour LCsq
between 120 and 265 ug/l for 4 species of salmonidée Macek and
MgAllister flSTO) found a 96«hour LC5q, range between 101 and 285
ug/l for 3 species of centrarchids and.3 species of salmonids.

Other 96-hour LC50's are: rainbowltrout, Salmo gairdneri, 68 ug/l

(Cope, 1965); largemouth bass, Micropterus salmoides, 50 ug/1

(Pickering, et al., 1962) and chinook salmon, Ongerhynchus

tehawytscha, 23 ug/l (Katz, 1961), All of the above tests were
in static systems, Eaton (1370) determined a 96=hour LCsq for

bluegill, Lepomis macrochirxus, in a flew-through system at 110

ug/l. Macek and McAllister (1970) reportsd a similar 96-hour 1ICsp
for the bluegill in a static exposure. Static 96-hour LC50s of

120 and 160 uy/l were reported by Post and Schroeder {(1971) for brook trout,

Salvelinus fontinalis. Bender (1969) indicated that the acute toxicity to fathead

minnows, Pimephales promelas, is slightly greater {(about 2.8

times) in a static system than in a flow-through system. The
flow-through acute toxicity to fathead minnews reported by Mount
and Stephan {1867) approximated the statlc acute toxicity

reparted by Henderseon and Pickerxing (1958) and Bender (1969).

24¢
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Many aquatic invertebrates appear to be more saensitive than

fish to malathion, The 96-hour LCsp for Gammarus lacustris was 1.0

ug/l (Sanders, 1969); for Pteronarcella badia, 1.1 ug/l (Sanders

and Cope, 1968); and for Gammarus fasciatus, 0.76 ug/l (Sanders,

1972). The 48-hour LCg, for Simocephalus sexrulatus was 3.5 ug/l

and for Daphnia pulex, 1.8 ug/l (Sanders and Cope, 1966).

Daphnia were immobilized in 50 hours in 0.9 ug/l (Anderson,
1960) . The 24-hour LC50s for two speéies of midge larvae were
2.1 ug/l (Mulla and Khasawinah, 1969) and 2,0 ug/l {Karnak and
Collins, 1974).

Safe life cycle exposure concentrations for the more
sensitive invertebrates are not known. The most sensitive
aguatic organisms probably have not yet been tested; gafe
cancentrations for the most sensitive invertebrates exposed
through a complete life cycle have not been determined; and
effects of low concentrations 6h_invertebrate hehavior are

unknown. : - - -

The stability of malathion in-water is dependent on the
chemical and biological conditions of the water (Paris, et al.,
1975) ., Weiss and Gakstatter (1964) have shown that the half-life
of malathioﬁrwas_reduced frém about 5 months at pli € to one to
two weeks at pH 8, Eichelberger and Lichtenberg (1971) found.

that only 10 percent remained in the Little Miami River (pH

i
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7.3-8,0) after 2 weeks. Bender (1969) states that one of the
malathion breakdown products may be more toxic than the parent

compound,

It has been shown that a meagured concentration of 575 ug/l
malathion in flowing seawater kills 40 to 60 percent of the

marine fish, Lagodon rhomboides, in 3.5 hdurs and causes about 75

percent brain acetylcholinesterase (AChE) inhibition (Coppage, ‘et

al., 1975). Similar inhibition of AChE and mortality were caused
in pinfish in 24, 48, and 72 hours at measured concentrations of
142, 92 and 58 ug/1, respectively. A éoncéntration'bf 31 ug/1
caused 34 percent AchE inhibition in pinfish but no deaﬁhs in 72
hours. Coppage and Matthews (1974) demonstrated that death may BB
associated with reductions of brain AChE activity of four mariner
fishes by 70 to 80 percent or more in short~term exposures to

malathion. Coppage and Duke (1971) found that moribund mullet,

Mugil cephalus, in an estuary sprayed with malathion (3 oz./acre)

- during a large-scale mosquito control operation had about 98

percent inhibition of brain AChE This is in agreement with 70
to 80 percent or more inhibition of brain AChE levels at and
below which some deaths are likely to occur in short-term

exposure, Spot, Leiostomus xanthurus, and Atlantic croaker,

Micropogon undulatus, alsoc had substantial inhibition of brain

AChE during the spray operation (70 percent or more inhibition).
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Toxicity studies have been made on a number of marine
animals. Eisler (1970) studied the 96~hour LC50 for several marine

fishes at 20° C in static, aerated seawater. The 9é<hour LC

-e

50
values {(in ug/l) were: Menidia menidia, 125; Mugil cephalus, 550

Fundulus majalis, 250; Fundulus heteroclitus, 240; §£paeroides

Eggulatus, 3,250; Anguilla rostrata, 82, and Thalassoma

i i e

bifasciatum, 27. Katz (1961) reported the static 24 hour ICgy for

Gasterosteus aculeatus in 25 o/00 saltwater as 76.9 ug/l active

ingredient. The 96-hour LCgy for striped bass, Morone saxatilis,

in intermittent flowing seawater has been reported as 14 ug/l

"(U.S. BSFW 1970).

Reporting on studies of the toxicity of malathion on marine
invertebrates, Eisler (1969) found the 96~hour ICg5g (statiec, 24
o/0o salinity aerated) to be 33 ug/l for sand shrimp, Crangon

septemspinosa; 82 ug/l for grass shrimp, Palaemcnetes vulgaris;

.and 83 ug/l for hermit crab, Pagurus longicarpus. Growth of

oyster, Crassostrea virginica, was reduced 32 percent by 96-hour

exposure to 1 mg/l (Butler, 1963). The 48-hour LCg, for fartilized

eggs of oysters was estimated by Davis and Hidu (1969) to be 9.07

mg/1l and the l4-day LCgq for larvae, 2.66 mg/l.

Malathion enters the aquatic environment primarily as a
result of its application as an insecticide. Because it degrades
- quite rapidly in most waters depending on pH, its accurrence

1s sporadic rather than continuous. Because the toxicity

2949
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is exerted through inhibition of the enzyme acetylcholinesterase (AChE)
and because such inhibition may be additive with repeated exposures and
may be caused by any of the organo-phosphorus insecticides, inhibition of
AChE by more than 35 percent may be expected to resu}t in damage to
aguatic organisms. _

An application factor of 0.1 is applied to the 96-hour LC50 data

for Gammarus lacustris, G. fasciatis and Daphnia ~, which are al

approximately 1.0 ug/1, yielding a criterion of 0.1 ug/1.
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METHOXYCHLOR
CRITERIA:
100 ug/l for domestic water supply (health):
0.03 ug/l for freshwater and marine aquatic life.
RATIONALE:

The highest level of methoxychlor found to have minimal or no

long-term effects in man is 2.0 mg/kg of body weight/day (Lehman,

1965)., Where adequate human data are available for corroboration-

of the animal results, the total "safe" drinking water intake
level is assumed to be 1/100 of the "no effect™ or "minimal
effect™ level reported for the most sensitive animal tested, in

this case, man.

Applying the available daﬁa and based upon the assumptions
that 20 percent of the total intake oi'methoxychlor-is from
drinking water, that the average parson weighs 70 kg and consumes
2 liters 0f water per day, the formula for calculating a
erviterion is 2.0 mg/kg x 0.2 x 70 kg x 1/1060 x 1/2 = 0.14 mg/l.

A eriterion level for domestlic watef supply of 100 ug/l is

recommended, .

dr
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Few data are available on acute-and chrenic effects of

methoxychlor on freshwater fish., Merna and Eisele {1973)

cbserved reduced hatchability of fathead minnow, Pimevhales pranelas ’

embryos at 0,125 ug/l and lack of spawring at 2.0 uvg/l. Yellow perch,

Perca flavescens, exposed to 0.6 ug/l for eicht months exhibited

reduced growth. The 96~hour ICqy concentration was 7.5 and 22 ug/L
for the fathead minnow and yellow perch, respectively. Korn and Farnest
(1974) obtained a 96-hour 'mso of 3.3 ug/l with juvenile striped bass,

Morone saxatilis, exposed to methoxychlor in a flowing-watsr bivassay.

Sanders (1972) determined a 96~hour LCg5p value of 0.5 ug/l for

the crayfish, Orconectes nais. Merna and Eisele (1973) obtained

a 96-hour LCs5p value of 0.61 ug/l for the scud, Gammarus

pseudolimnaeus and 96=hour LC50s: ranging from l 59 to 7.05 ug/1

for the crayfish, Orconectas na:.s, and three agquatic insect

larvae. In 23-day exposures, reduction in emergence of mayflijes,

Stenonema Sp., and in pupation of caddlsflles, Cheumatqg_s;ﬂhu

8pP., were observed at 0,5 and 0,25% ug/1 concentratzona,
respectively. They also found methoxychlor to be degraded in a

few weeks or less in natural waters.

Eisele (1974) conducted a study in which a section of a

natural stream was dosed at 0.2 ug/l methoxychlor for ocne year.

.

The near extinction of one Species of scud, Hvallella azteca, and
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reductions in populations of other sensitive speéies, as well as
biomass were observed. Residue accumulation of up to 1,000 times
the level in the stream was obgerved in first-year crayfish,

Orconectes nais. Metcalf, et al. (1971) traced the rapid

conversion of methoxychlor to water soluble compounds and
elimination from the tissues of snails, mosquito larvae, and
mosquitofish. Thus, methoxychlor appears-to be considerably less
bioaccumlative in aquatic organisms than some of the other

chlorinated pesticides.

Methoxychlor has-a very low accumulation rate in birds and
mammals (Stickel, 1973}, and relatively low avian (Heath, et al.,.
1972), and mammalian (Hodge, et al., 1950) toxicities. No
administrative guidelines for acceptable levels in edible fish
tissues have been establishied by the U.S. Food and Drug

Administration.

The above data indicate that 0.1 ug/l methoxychlor would be
just below chronic effect level for the fathead minnow and
one~fifth the acute toxicity level in a créyfish species,
.Therefore, a criterion level of 0.03 ug/l is recommended. This
griterion should protéct fish as sensitive as striped bass and'ié
tan times lower than the level causing effects on soﬁe
invertebrate populations in a one-~year dosing of a natural.

stream.



Bahner and Nimmo (1974) found the 96-hour ICqq of pethoxychlor for the
pink shrimp, Penaeus duoranm, to be 3.5 ug/l and the 30-day I(y, to be
1.3 ug/l. Using an application factor of 0.0l with the pink shrimpe acute
tokicity of 3.5 ug/l, the vecomended criterion for the marine envirorment

is 0.03 ug/l.

Butler (1971) found accumulation factors of 470 and 1,300 for

.the molluscs, Mercenaria mercenaria, and Mya arenaria,

seapectively;when_qxposed to 1 ug/l methoxychlor for 5 days.
Using the 1,590 accumulation factor a3 a basis, a water
concentration of 0,2 ug/l would be required to meet the U.S. Food
and Drug Administration's guideline'forrmethoxych;cr_in meat
products. Thus, the recéhmended marine criterion of 0.03 ug/l is

an order of magnitude lower than this concentration,
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MIREX

CRITERION:

0. 001 ug/1 for freshwater and marine aquatic life.

RATIONALE:

Mirex is used to control the imported fire ant Solenopsis saevissima

richteri in the southeastern United States. Its use is essentially limited
to the control of this insect and it is always presented in bait., In the
most common formulation, technical grade mirex is dissolved in soybean
o0il and sprayed on corncob grits. The bait produced in this manner
consists of 0.3 percent mirex, 14.7 percent soybean' oif, and 85 percent
corncob grits. The miréx bait often is applied at a rate of 1. 4 kilograms

per hectare, equivalent to 4, 2 grams of toxicant per hectare.

Relatively few studies have been made of the effects of mirex on
freshwater invertebrates. Of these, only Ludke, et al. (1971) report -
chemical analyses of mirex in the water. Their study reported effects
on two crayfish species exposed to mirex by three techniques. First,

field-collected crayfish were exposed to several sublethal concentrations -

of technical grade mirex solutions for various periods of time; second, crayfish

were exposed to mirex leached from bait (0.3 percent active ingredien't); '

and third, the crayfish were fed mirex bait.

Procambarus.blandingi juveniles were exposed to ! or § ug/l for 6 to

- 144 hours, transferred to clean water and chegerved for 10 days, After 5

days in clean water, 95 percent of the animals exposed to 1 ug/l for 144

hours were dead. Hxposure to 5 ug/l for 6, 24, and 58 hours resulted

in 26, 30, and 98 percent mortality 10 days after transfer to clean water.

12
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Crayfish, Procambarus hayi, were exposed to 0.1 and 0.5 ug/l for

48 hours. TFour days after transfer to clean water, §3 percent of the
animals exposed to 0.1 ug/l were dead, At the 0. § ug /1 concentration,
71 percent of the animals were dead after 4 days in clean water., Tissus
residue accumulations (wet weight basis) ranged from 940- to 27,210~
fold above water concentrations. In leached bait experiments, 10 Lait
particles were placed in 2 liters of water but isolated from 20 juvenile
crayfish., Thirty percent of the crayfish were dead in 4 days and 65
percent were dead in 7 days. Water analysis indicated mirex concen-
trations of 0.86 ug/l. In feeding experiments, 108 crayfish each were
fed one bait particle. Mortality was noticed on the first day after feeding
and by the sixth day, 77 percent were dead. In another experiment, all
crayfish were dead 4 days after having been fed two bait particles each,
From this report it is obvious that mirex is extremely toxic to these
species of crayfish. Mortality andaccwulation increases with time of
exposure to the insecticide. Concentrations as low as 0.1 ug/1 or the

ingestion of one particle resulted in death,

Research to determine effects of mirex on fish has been concentrated
on species which have economic and sport fishery importance. Hyde,
et al. (1974) applied mirex bait (0. 3 percent mirex) at the standard rate
(L. 4 kg bait per hectare) to four ponds containing channel catfish,

Ictalurus punctatus, Three applications were made over an 8-month

period with the first application 8 days after fingerling (average weight
18. 4 g) catfish were placed in the ponds. Fish were collected =t each
subsequent application (approximately 4-month intervals). Two and one-

half months after the final application, the ponds were drained, all fish

we i
T'e measured, weighed, and the percent survival wag calculaied,
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Mirex residues in the fish at termination of the experiment ranged

from 0,015 ug/g (ppm) in the fillet to 0, 255 ug/g in the fat.

In another study, Van Valin, et al. (1968) exposed bluegills, Lepomis

macrochirus, and the goldfish, Carassius auratus, to mirex by feeding a

mirex-treated diet (1, 3, and 5 mg mirex per kg body weight) or .by treat-
ing holding ponds with mirex bait (1.3, 100, and 1000 ug /1 corﬁ_puted water
concentration), They reported no mortality or tissue pathology for the
bluegills; however, after 56 days of exposure, gill b_reakdoﬁ in goldﬁéh
was found in the 100 and 1000 ug/1 contact exposure ponds, and kidney
breakdown was oécurring in the 1000 ug/l1 ponds. Mortality in the feeding
experiments was not related to the level of expbsure, although growth of

-

the bluegills fed 5 ug/l mirex was reduced.

In Iaboratory and field test systems reported concéntrations of ‘mirex
usually are between 0.5 and 1. 0 ug/1 (Van Valin, et al., 1968; Ludke, -
et al., 1971). Although mirex seldom is found above 1 _ug/l in the aguatic
environment, several field studies have shown that the insecticide is
accumulated through the food chain. Borthwick, Ezg_l_. (1973) reported
the accumulation of mirex in South Carolina estuaries. Their data revealed
that mirex was transported from treated land and marsh to fhe estuary
animals and that accumulation, especially in predators, occ_urred. In the‘
test area, water samples consistently were less than 0.0l ug/)l. Residves '
in fish varied from non-detectable to 0. Brug/g with 15 percent of the
samples containing residues. The amount of mirex and the percent of
sarnples containing mirex increased at higher trophic levels, Fifty-four

percent of the raccoons sampled cmnt'ained mirex residues up to 4.4 ug/g



and 78 percent of the birds contained residues up to 17 ug/g. Nagvi

and de la Cruz (1973) reported average residues for molluscs (0,15 ug/z)
fish (0.26 ug/g), insects (0.29 ug/g), crustaceans (0. 44 ug/g), and anaelids
(0.63 ug/g). They also reported that mirex was found in areas not

treated with mirex which suggests movement of the pesticide in the environ-
ment. Wolfe and Norment (1973) sampled an area for one vear foliowing

an aerial application of mirex bait (2.1 g mirex/hectare). Crayfish residues
ranged from 0. 04 to 0.16 ug/g. Fish residues were about 2 tc 20 times
greater than the controls and averaged from 0.0l to 0.76 ug/g. Kaiser {1974)
reported the presence of Mirex in fish from the Ray of (Quinte, Lake

Ontario, Canada. 'Concentrations range frem 0.02 ug/g in the gonads‘ of the

morthern long nose gar, Lepistosteus osseus, to 0.05 ug/g in the areal

fin of northern pike, Esox lucius. Mirex has never been registered for use
in Canada.
Mirex does not appear to be greatly toxic to birds, with 1.C30's for

the voung of four species rangihg from 547 to greater than 1667 ug/g (Heath,

et al,, 1972), Long-term dietary dosages caused no adverse effect at

3 ug/g with mallards and 13 ug/g with pheasants (Heath and Spann, 1873\

However, it has been reported (Stickel, et al,, 1973) that the persistence

~of mirex in bird tissue exceeds that of all organochlorine compounds

tested except for DDE. 'Delayed mortality occurred among birds sub-

jected to doses above expected environmental concentration.

al5
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A summary examination of the data available at this time shows a

mosgaic of effects.. Crayfish and channel catfish survival is affected by

mirex in the water or by ingestion of the bait particles. Bioaccumulation
is well established for a wide variety of organisms but the effect of this
bioaccumulation on the aquatic ecosystem is unknown. There is evidence
that mirex is very persistent in bird tissue, Considering the extreme
toxicity and potential for bioaccumulation, every effort should be made to

keep mirex bait particles out of water containing aquatic organisms and

5Y/4
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water concentrations should not exceed 0.001 ug/l mirex, This value is
based upen an applicaticﬁ factor of 0.01 applied toc the lowest levels at

which effects on crayfiéh have been observed.

Data upon which to base a marine criterion involve several estuarine
and marine crustaceans. A concentration of 0.1 ug/l technical grade
mirex in flowing sea water was lethal to juvenile pink shrimp, Penaeus
durorarum, in a three-week exposure (Lowe, et 21., 1971}. In static tests

with larval stages (megalopal) of the mud crab, Rhithropanbpeus harrisii,

reduced survival was observed in 0.1 ug/l mirex (Bookhout, et al., 1972).

1352, In three of four 28-day seasomal flow-through experiments, Tagatz, et al.,

(1975) found reduced survival of Callinectes sapidus, Penaeus dureririm, and

grass shrimp, Palaemonetes pugio, at levels of 0.12 ug/l in summer, 0.06 ug/1

in fall, and 0.09 ug/l in winter,

Since two reports, Lowe, EEQ-- (1971) and Bookhout, et al., (1972),
reported that effects of mirex on estuarine and marine crustaceans were
cbserved only after considerable time had elapsed, it seems reasonable
that length of exposure is an important consideration for this chemiczal,
This may not be the case in fresh water since the crayfish were affected
within 48 hours. Therefore, a 3 to 4 week exposure might be comsidered
"acute” and by applying an application factor of 0.01 to a reasonable
average of toxic.effect levels as summarized abové, a recemmended

marine criterion of 0.001 ug/l1 results.
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PARATHION

CRITERION:

0.0k ug/l for freshwater and merine aquatic 1ife,

RATIONALE;

Acute static LC  values of the organophosphorus pesticide, parathion,
‘ 50 ,

for freshwater fish have ranged generally from about 50 ug/l for more

sensitive species_such as bluegills, Lepomis macrochirus, to aboﬁt_2. 5

mg/1 for the more resistant species such as minnows (U. S. Environmental
Protection Agency, 1975)., In flowing water exposures, Spacie (1975) obtained
96-hour LC  values of 0.5 mg/l, 1.6 mg/l, and 1.76 mg/l for bluegills,

50 : :
Lepomis macrochirus, fathead minnows, Pimephales promelas, and brook

trout, Salvelimis fontmahs respectively. Korn and Earnest (1974} found
a 96-hour gy of 18 ug/1 for juvenile freshwater and estuarme striped bass

Morore: saxatilis, in a flowing water system.

Few chronic exposure data are available for aquath organisms. Brown

bullheads, Ictalurus nebulosus, exposed to 30 ug/1 parathion for 30 days ex-
hibited tremors; at 60 ug/1 they convulsed and were found to have developed
a deformed vertebral column (Mount and Boyle, 1969}, In a 23-—month exposure -
of bluegills, Spacie (1975) observed deformities (scoliosis and a characterlstlc
protrusion in the throat region) at 0. 34 ug/l, but not at 0,16 ug/l. Tremors,

convulsmnu,, hypersensitivity, and hemorrhages also were evident at higher

concentrations.
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Reproductive impzirment and deformities were observed in fathead
minnows exposcd to 4.0 ug/1 for 8.1/2 months. Development of brook
trout, S,. fentinalis embryos exposed to 32 ug/l was abnormal and
mortalities associated with premature hatching were observed. Embryos
at 10 ug/l appeared normal. No adverse eifect on juveniles and adults

was evident during 9 months exposure to 7 ug/l.

Inhibition of éholinesterase enzymes iz the well established mode of
physiological action of parathion and other organic phosphoroﬁs pesiicides
(Weiss, 1958). The degree of inhibition of brain acetylcholinesterase (AChE)
activity has been the most frequently -used measure of effect of these pesticides,
Various studies (Weiss, 1958, 1959, 1961; Murphy et al., 1368; CGibson 3331_.,
1969) have shown the degree of inhibition to be dependent upon toxicant
concentration, length of exposure, and species sensitivity. The results
of these studies have also indicated that death results from ACRE inhibition
ranging from 25 to 90 percent of normal. Weiss (1959) 2lso showed that
Sﬁsceptibﬂity depended upon the extent of recovery of ACh E activity following
prior exposure and that the recovery period for fish exposed to parathion
wag relatively long. .In bluegills, AChE activity was only 50 percent

recovered 30 days after expésure to 1 mg/l for 6 to 7 hours (Weiss, -1961),

Some of the other physiological effects observed to result from exposure

of fish to parathion have been inh:fbit'ion of spermatogenesis in guppies

Pogcilia reticulata, at 10 ug/l. (ﬁillard and deKinkelin, 1970), alternation of

oxygen consumption rate in bluegills, Ieponis macrochirusat 100 ug/1 (Dowden,

1966), and liver enlargement associated with increased pesticide-hydrolizing

capability in mosquitofish, Gambusia affinis,(Ludke, 1970).

32 ;
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Parathion has been found acutely toxic to aquatic invertebrates at

under one microgram per liter, e.g., & 50-hour LC of 0.8 ug/l for
Daphnia magna, 48-hour LC of 0.6 ug/l for Daphniiopulex, and 48-hour
LC of 0.37 for Simocephal?xg; serrulatus (a daphnid) (Sanders and Cope,
196562; a 5~day LC  of 0.93 ug/1 for the larval stonefly, Acroneuria pacifica
(Jensen and (‘;‘rauf:‘trfj,0 1964); and a 96 -hour LC50 of 0.43 ug/l for the larval

. caddisfly, Hydropsyche californica (Gaufin et al,, 1965), Mulla and

Khasawinah (1969) obtained a 24-hour LC  of 0.5 ug/l for 4th instar larvae
50

of the midge Tanypus grodhausi. Spacie (1975) obtained 86-hour LC50's ~

in flow-through bioassays of 0. 62 ug/l for Daphnia magna, 0.40 ug/l for the

scud, Gammarus fasciatus, and 31.0 ug/1 for 4th instar of Chironomous

~tentans, a midge. Other invertebrates have been found acutely sensitive
to parathion in concentrations of from 1 to 30 ug/l in water (U. S.

Environmental Protection Agency,' 1975),

Few longer exposures have been conducted, Jensen and Gaufin (1964)

obtained 30-day L.C50's for Pteronarcys californica and Acroneuria pacifica

of 2,2 and 0, 44 ug/l1, respectively. Spacie (1975) found the three-week LC
' 50
for Daphnia magna to be 0.14 ug/l. Statistically significant reproductive

- impairment occurred at concentrations above 0. 08 ug/l. A 43-day LC
50
of 0.07 ug/l was reported for Gammarus fasciatus and a concentration of

0.04 ug/1 produced significantly greater mortality than among controls.

Limited information is available on persistence of parathion in water,
Eichelberger and Lichteriherg (1971) determined the' half-life in river water
(pH 7.3 - 8.0) to be one week, Using AChE inhibitory capacity as the

indicator, Weiss and Gakstatter (1964) found the half-life of parathion



or its active breakdown products to be 40, 35, and 20 days in "natural”

waters having a pH of 5.1, 7.0, and 8.4, respectively. The possibility of
breakdown resulting in compounds more toxic than parathion was suggested
by Burke and Ferguson (1989) who determined that the toxicity of this

pesticide to mosquitofish, Gambusia affinis, was greater in static then in

flowing water test systems, Sanders {1872), in 96-hour-bioassays with the

scud, Gammarus fasciatus, and glass shrimp, Palaemonetes kadiakensis,

also observed greater toxicity under static than in flow-through conditions.

Tissue accumulations of parathion by exposed aquatic organisms are
not great and do not appear to be very persistent. Mount and Boyle (1969)

observed concentrations in the blood of bullhead, Ictalurus-melas, up to about

50 times water concentrations, Spacie (1975) found muscle concentrations in

chronically exposed brook trout, S. fontinalis to be several hundred times

water concentrations; bluegills, Lepomis macrochirus, had about 25 times

water concentrations in their bodies. Leland (1968) demonstrated a biological

half-life of parathion in rainbow trout, Salmo gairdneri, exposed and then

placed in fresh water fo be only 30 to 40 hours. It is not expected that
parathion residues in aquatic. crganisms exposed to the recommended

criterion concentrations will be a hazard to consumer organisms.

Weiss and Gakstatter (1964) have shown that 15-day céntinuous
exposure to parathion (1.0 ugjl) can pfoduce progressively greater (i.e.,
curnulative) brain ACh E inhibition in a fish species. After substantial
inhibition by parathion exposure, it takes several weeks for brain AChE
of exposed lishes to return to normal even though exposure is discontinued

(Weiss 1959, 1961), Inhibition of brain AChE of fishes by 46 percent or
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more has been associated with harmful effects in exposures to
organophosphate pesticides for one life 'cycle (Eaton, 1870) and for short
.'periods {Carter, 1971; Coppage and Duke, 1971: Coppage, 1972; Coppage
_and Matthews, 1974; Post and Leasure, 1974; Coppage et al,, 19'?5)._- It
has been shown that a concentration of 10 ug parathion/i of flowing

sea water kills 40 to 60 percent of the marine fishes Lagodon rhomboides

(pinfigh) and Leostomus xanthurus (spot) in 24 hours and causes about
87 to 92 percent brain AChE inhibition (Coppage and Matthews, 1974).
Similar inhibition of AChE and mortality were caused in sheepshead mmnows,

Cyprinodon var1egatus, in- 2, 24 48, and 72 hours at concentrations of 5000,

2000, 100, and 10 ug/l, respectively in static tests (Coppage. 1972),  These
data indicate f,hat reductions of brain AChE a.ctnnty of marine fishes by
70 to 80 percent or more in short-term exposures to parathion may be

associated with some deaths.

Other estimates of parathion toxicity to marine organisms follow, The

48-hour EC  for parathion to Penaeus duorarum was found to be 0. 2ug/l
. 50 : .

(Lowe et al., 19870). Lahav and Sarig (1969) reported the 96-hour LL.C

- : . 50

for mullet, Mugil cephalus, to be 125 ug/l. The shell growth of the oyster,

Cragsostrea virginica, was found by Lowe et al, (1970) to be decreagsed by

22 percent after 96 hours in 1.0 mg/1,

An application factor of ¢.1 is applied to the 96-hour LC50 data

for invertebrates whiceh range upward from O.4 ug/1. A criteris of 0.0hug/i

is recommended for marine and freshwater aquetic life,

3 24
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TOXAPHENE
CRITERIA:
5 ug/l for domestic water supply {(health);
0.005 ug/l for freshwater and marine aquatic life,
RATIONALE:

The highest level of toxaphene found to have minimal or no
long=term effects in the most sensitive mammal tested, the dog,
is 10.0 mg/kg in the diet or-l.7 mg/kg of body weight/day
(Lehman, 1965). Where adeqﬁate human data are not available for
corroboration of the animal results, the total "safe"
intake level is assumed to be 1/500 of the "no effect" or
"minimal effect" level reported for the most sensitive animal

tested.

Applying the available data and based upon the assumption
that 20 percent of the total intake of toxaphene is from drinking

water, that the average person weighs 70 kg and consumes 2 liters

“of water per day, the formula for caleculating a critericn is 1.7

mg/kg X 0.2 X 70 kg X 1/500 X 1/2 =0.024 mg/l. However, at 0.024 mg/1

there is an organoleptic effect which has been shown to occur at the level of 0.005

mg/l (Cohen, et.al., 1961). Thus -the criterion is get at 5 ug/1.

Macek and McAllister (1970) reported 96-hour LC50 values for 12

fish species ranging from 2 ug/l for largemouth bass, Micrenterus
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- salmoides, to 18 ug/l for bluegill, Leponis macrochirus. Mahdi

T ————— T ———————

(1966) reported 96-hour LC50 values as low as 1.8 ug/l for black

bullhead, Ictalurus melas, and as high as 50 ug/l for goldfish,

Carrassius auratus, and Henderson, et al. {1959) reported 96~hour

TLm values from 3.5 ug/l for bluegill to 20 ug/l for guppies,

Poecilia reticulata. The 96-hour LCg, values for three stonefly

species, Pteronarcys californica, Pteronarcella badia, and

Claassenia sabulosa, were reported by Sanders and Cope {1968) to

range from 1.3 to 3.0 ug/l.

In a chranie continuous flow bicassay with brook trout,

Salvelinus fontinalis, Mayer, et al. (L975) found that-toxapheng

in water at a level of 0.039 ug/l adversely affected the growth

and development of brook trout fry.. The mortality of fish

at this level was significantly greéter than the controls,
indicating a no-effect level of less thanm 0.039 ug/lL The
96-hour LC of toxaphene for l6-month-old trout was 10.8
ug/l. Hehige and Mayer (1975) conducted a series of long-term

studies on the fathead minnow , Pimephales promelas, exposing the

organisms for 150 days to concentrations of toxaphene as low
as 0.055- ug/l  in a flow-through system . Thelr results
confirmed the Mayer, EE,EE:£1975) work, showing that growth of
all fish exposed to concentraticms of 0.055 ug/l w;5

significantly reduced. A no-effect level for this freshwater

fish would be less than 0,055 ug/l.

230
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Hughes (1968) reported that lakes ireated with toxaphene
concentrations ranging from 40 to 150 ug/l remained toxic to fish
for periods of a few months to five years.. Terriere, et al.

(1966) reported that a lake treated with toxaphene as a piscicide

remained toxic to fish for at least five years. Bioconcentration

“factors of toxaphene were 500 for aquatic plants, 1,000 to 2,000

for aquatic animals other than fish, and 10,000 to 20,000 for
rainbow trout in the lake. fayer, et al. (1975) observed
accunulations of 5,000 to 21,000 times water concentrations in
brook trout exposed'only tﬁrough the vater. Accunulation factors
0f 3,400 to 17,000 from aqueous solution have been reported for
bacteria, algae and fungi (Paris, et al., 1975),

lleatlh, et al, (1972) reported the S~day dietary LC to be 96

50
to 142 ppr for young birds of four species. 1ilo reproductive
impairment occurred in mallards resulting from a long-tern
dietary dosage of 7 ppm and Starlings tolerated 45 ppn for long

périods (Patuxent 7ildlife Research Center, Laurel, Marvland,

unpublished data), At water levels known to affect fish (0.04

ug/1, Mayer, et al, 1975)and with accumulation factors similar to those clted above
(20,000 times), resulting residue levels (0.04 x 20,000= 0.8 ppm) would not be

expected to approach dosage levels known to be a hazard to birds,

Ho guideline for toxaphene has been set by the U.S. Food and
Druy Administration as a residue linit for edible tissues of fish

for human consumption.
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striped bass, lMorone saxatilis of 4.4 ug/x.

Love (1964) reported a 24-hour LC59 of 3.2 ug/l, a'48-hour LCg,

of 1.0 ug/l, and a l44-hour LCgq of 0.5 ug/l for the'5pot,

Leiostonus xanthurus., Butler (1963) reported a 90.8 percent

decrease in productivity of natural phytoplankton communities
during a 4-hour exposure to a concentration of 1,000 ug/l of

toxaphene. Lowe also reported a 48-<hour ECSO of 4.9 ug/l for

brown shrimp, Penaeus aztecus; and a 48-hour ECgg of 330 ug/1

juvenile blue crabs, Callinectes sapidus. A concentration of

ug/l resulted in a 50 percent decrease in ovster, Crassostrea

virginica, shell growth after 96 hours of exposure at a waﬁer
temperature of 31° C and 24 o/o0 salinity,-whereas 63 ug/l

produced the same effect at 19° C and 19 6/00 salinity. The

48-hour Lcsb for the juvenile white mullet, Mugil curema, was

- ug/l,

Korn and Earnest (;974% report ¢ 96¢-hour LCgy for the

e 96-hour 1IC for the
50

the -

for

57

ﬁinfish, L@gx&xxrhdﬂxﬁjbs, an organism of wide geographic distribution

and ecological inportance(Caldwell, 1957), has.been reported as 0.5 ug/l

(Schimmel, et al., in preparation). While the use of an application
factor of 0.01 has been recommended by the NAS-NAE (RS, 1974) its
use is especially appropriate in the case of toxaphene because long-

term studies with fathead mirmows, Pimephdles ;mtmelas {Mehrle and

Mayer, 1975), and brook trout, Salvelinus faontinalis (Mayexr, et al., 1975),

have failed to establish a no-effect level. Bapplication of the 0.0l
factor to the 9&-hour LCED for the pinfish yields a marine criterion

0.005 uvg/l.
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A no-effect level was not achieved in the studies using

',freéhwatgr orgaﬁisms;f~ﬁortality and adverse physiological and

LT

physical effects were &étécted at the lowest concentration used,

0.039 ug/l, Hence, for toxaphene, the use of the seme critericn

for botn marine and freshwater is recamended.
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CRITERIA:
Range
5 -9 Domestic water supplies (welfare);
6.5~ 9.0 Freshwater aguatic life;

6.5 - 8, 5% Marine aquatic life,

INTRODUCTION:

"PH" is a measure of the hydrogen ion activity in a water

- sample. It is mathemat;cally rPIatea to hydrogen ion actlv:l.ty aucordm
+ +

~ing to the expressmn PH = - log 10 (H ), where (H }is the hydrogen

ion activity.

The pH of natural wa_tefs is a measure of acid-base equilibrium
achieved by the various dissolved compound-s, salts and gases. The
principal system regulating pH in natural waters is the carbonate system
which is composed of carbon dioxide (CO ), carbonic acid (Hr CO ),
blcarbonate ion {HCO™), and carbonate 13:15 (CO‘ ). The r'intef'act?ons and
. kinetics of thls systefn have been descrlbed by Ssl.:umm and Morgan (1970)

pH is an 1mportant factor 1n the chemlcal and blologlcal systems of |

rnatural waters. The degree of chssoclatlon of weak acids or bases is

affacted by changes in pH. Th1s effect 1s 1mportant because the toxicity

.0f many compounds is affected bv the deqr'ee of dissociation One such

*, . .but not mdre than 0.2 units outside of normally occurring range.
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example is hydrogen cyanide (HCN). Cyanide toxicity to fish increases

- as the pH is lowered because the chemical equilibrium is shifted

toward an increased concentration of HCN. Similar results have been

shown for hydrogen sulfide (H S) (Jones, 1964).
Lo "y :

The éolﬁbiliﬁ of metal compounds confained in bottom sediments
or as suspended material also is affected by pH. For exarhple.
laboratory equilibrium studies under a.naerobig conditions indicatéd
that pH was an important parameter involved in releasing manganese

from bottom sediments (Delfino and Lee, 1971).

The pH of a water does not indicate ability to neutralize additions

of acids or bases without appreciable change. This characteristic,

termed "buffering capacity, " is controlied by the amounts of alkalinity

and acidity present.

RATIONALE:

Knowledge of pH in the raw water used for public water supplies

is ixhportant because without adjustment to a suitable level, such waters

may be corrosive and adversely affect treatment processes including

- coagulation and chlorination.

Coagulation for removal of colloidal color by use of aluminum or
iron salts generally has an optimum pH range of 5.0 to 6.5 (Sawyei-,
1960), Such optima are predicated upon the availability of sufficient

alkalinity to complete the chemical reactions.

. 338’
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The effect of pH on chlorine in water principally is on the equili-
brium between hypochlorous acid (HOC1) an.d the hypochlorite ion
(OC1%) according to the reactioﬁ:-_ .

HOCI = H' + ocl-
Butterfield (1948) has shown that chlorine disinfection is more effect-
ive at values less than pH 7. Another study (Reid and Carlson, 1974)
has indicated, however, that in natural waters no significant difference

in the kill rate for Escherichia coli was observed between pH 6 and pH 8,

Corrosiqn of plant equipment and piping in the distribution systemn
can lead to expenswe replacement as well as the introduction of metal
ions such as copper, lead zmc and cadmlum Langeller (1936) developed
a method to calculate and control water corrosive act1v1ty that employs
calcium carbonate saturatlon theory and predlcts whether the water would
tend to dlssolve or deposit calcium carbonate. By maintaining the pH
at the prOper level, the distr-ibution system can be provided with a protective
calcmm carbonate lining whlch prevents metal pipe corros:.on Generally,
this level is above pH 7 and frequently approaches pH 8 3 the point of maxi-

‘mum bi car'bonate/ca rbonate bu fferfng

Since pI-I is relatwely easﬂy adJusted prxor to and durmg water .

treatment, a rather w1de range is acceptable for waters serving asa

source of public water supply A range of pH from 5 O to 9 0 would

. provide a water’ treatable by typical (coagulatlon. sedxmentatlon,

f11trat10n and chlormatlon) treatment _plant processes, As the range

is extended, the cost ofr.,neutrahzq.pg _chermcals increases.ﬁ o
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A review of the effects of pH on freshwater fish has been published 7
by the European Inland F1sher1es Adnsory Commission (EIFAC, 1989). : N
The Commission concluded-' "There is no. def1n1te pH range w1thm which
a fighery is un_harmed'_and_o_u_'_cside _whi‘c_:h it is.damaged, but‘ rather,
there is a gradual deterior'a.tijon' as the pH values are further removed’
from the normal range. The p}l range which is not directly lethal -
to fish is § - 9; however, the tox1c1ty of several common pollutants is ' N
markedly affected by pH cha.nges within th1s range. a.nd mcreasmg
acidity or alkalinity may make these poisons more toxic, Also_,, an-

acid discharge may liberate sufficient CO, from bicarbenate in the
water either to be directly toxic, or to cause the pH range 5 - 6 to
become lethal. " |

i

Mot (1973) performed bloassays on the fathead mmnow, leeEhales
Eromelas , fora 13-month one generatmn t1me per1od to determine
chronic pH effects, Tests w‘ere run at pH levels of 4,5, 5.2,

ey et v . ’

pHG o
Range _ Effect on Fish*

9.0 -~ 8.0  Unlikely to be harmful to any spec1es unless either the
concentration of free COy is greater than 20 ppm, or
. the water contains iron salts which are precipitated as
ferric hydroxide, the toxicity of which is not known.

6.0 -86.5 - Unlikely to be harmful to fish unless free carbon dioxide
is present in excess of 100 ppm.

6.5-9.0 Harmless to fish, although the toxicity of other poisons
. may be a.ffected by changes within this range,

* EIFAC, 19869,
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5.9, 8.6, and a control of 7. 5. At the two lowest pYf values /4, 5

i 5,35 vensvior weg aneormal and the fish were deformed . 44 41y

Dty

values 'zog than 6.8, ogy producion snd egg haiehab ity wvern boadyoed

F3)

parad with the control, It was concluded that a nH ~f 8

[

when com

was marginal for vite! f2 fnctions.

Beli (1971} per{crmed bioassays with nymphs of caddicilies wo
species), and stoneflies (four species), dragontlies (two species), apd
mayilies (one species). All are important fish food organisms. The
30-day Tlisg values ranged from 2.45 to 5._38 with the caddisilieg
being the ﬁlost toleraﬁt and the mayflies the least tolerant. The pH
values at which 50 percent of the organisms emerged ranged from 4.0
to 6.6 with increasing percentage emergence occurring with the

increasing pH values,

Based on present evidence, a pH range of76. 3 to 9.0 appears to
provide adequate protection for the life of freshwater fish snd bottom
dwelling invertebra-*e fisih: food orgamsms. , Outs1de of U’llb range, fish
suffer adverse physzologdcal eifects mcreasmg in severxty as the degre

of deviation increases un*zl Ietha.l ievels are rean.hed

3 '1'1' {
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Conversely, rapid increases in pH can cause increased NH3 concen-
trations which are also toxic. Ammeonia has been shown to be fen

times as toxic at pH 8,0 as at pH 7,0 (EIFAC, 1989).

The chemistry of rﬁarine v#ateirs.dﬁfers_from fhat of fresh water
because of the large concentration of salts present. In addition to
alkalinity based on the carbonate system, there is also alka.linity from
other weak acid salts such as borate, Because of the buffering syster;l
present in sea water, the naturally occurring variability of pH is less
than in fresh water, Some r.narine.'c.ommunities aré more sgensitive
to pH change than others (NAS, 1974).- Normal pH values in sea water
are 8.0 to 8.2 at the surface decreasing to 7.7 to 7.8 with increasing
depth (Capurro, 1970). The NAS Committee's review (NAS, 1974)
indicated that plankton and benthic invertebrates are probably more
sensitive than fish to changes in pH and that mature forms and larvae
of oysters are adversely affected at the extremes of the pH range of
6.5 to 9.0. However, in the shallow, biologi.caliy active watersl in
tropical or subtropical areas, large-diurnal pH changes occuf naturélly
because of photosynthesis. pH values may range from 9.5 in the daytime
to 7.3 in the early morning before dawn. Appa'rently these communities
are adapted to such variations or intolerant 5peciés are able to avoid

extremes by moving out of the area.

For open ocean waters where the depth is substantially greater than

the euphotic zone, the pH should not be changed more than 0.2 units
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outside of the naturally o2curring variation or in any case ocutside the range

of 6.5 tc &. 8. For shallow, highly productive coastal and estuarine areas

[}

where naturally occurring oH variations appreaca the lainal llavwts for
some species, changes it pH should be avoided buat in any case not excesd
the limits established for /resh water, i.e., pH of 6.5 t0 9,0. As with the
freshwater criteria, rapid pH fluctuations that are due o waste discharges
should be avoided. Additicnal support for these limits is provided by
Zirino and Yamamoto (1972), These investigators developed a model

which illustrates the effects of variable pH on copper, zinc, cadmium,
and lead; small changes in pH cause large shifts in these metallic |

complexes. Such changes may affect toxicity of these metals,

For the industrial clagsifications considered, the NAS report {NAS,

1974) tabulated the range of pH values us_,'ed"by industry for various

process and cooling purposes. ‘In general, process waters used varied
from pH 3. € to 11. 7, while cooling waters used varied from 5.0 to 8. 9.
Desirable pH values are undoubtedly closer to-neutral to avoid corrosion

and other deleterlous chenucal reachons. Waters with pH values outside

- these ranges are con51dered unusable for mdustrlal purposes.

The pH of water applle for 1rr1gah.on purposes is not normally a
critical parameter. Comgs. red with the large buffermg capacity of the
soil matrix, the pH of appued water is rapldly changed to approxi-

mately that ot the soil. Thz greatest danger in acid soils is than

‘metallic ions such as iromn, manganese or aluminum may be disgolved

ey
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in concentrations which are subsequently directly toxic to plants,
Under alkaline conditions, the danger to plants is the toxicity of
sodium carbonates and bicarbonates either directly or indirectly

(NAS, 1974),

To avoid undesirable effects in irrigaﬁon waters, the pH should

not exceed a range of 4,5 to 9. 0.
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PHENOL

CRITERION:

1 ug/1 for domestic watar supply.(we]fare), and
to protect against fish flesh tainting.

INTRODUCTION:

Phenolic compounds include a wide variety of arganic chemicals,
The phenols may be classified into monohydric, dihydric, and
polyhydric phenols depending upon the number of hydroxyl grouns
attacned_eo the aromatic ring. Phenol itself, which has but one
hydroxyl group, is the mest typical of the group and-is often
used -as a model compound, The properties of phenol, with certain modiff-
catfons aepending on the nature of the substituents on the benzene ring, are
shared by other phenolic¢ compounds. Pheno]ic_cgﬁpounds arisefrom the distill-
atfon of coal and wood; from oil refinéries; chemical plants;. 1ivestock
dips; human and other organic wastes; hydrolysis, chemical oxidation
and microbial degradation of pesticides; and from ﬁatura]]y3occurring
sources and substances.  Some comeUhds,afeurefkactory to biclogical

degradation and. can-be transported long distances in water.

RATIONALE: : _ 7

Pheno11c compounds can affect freshwater f1shes adverse]y by
direct tox1c1ty to fish and fish- food organ15ms, by ]ower1ng the amount
of available oxygen because of the high oxygen demand of the compounds

and by tainting of fish fle-h (EIFAC, 1973). _Shelford (1917) observed
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that a concentration of 1 cc per 1iter (purity of compound and concen-
tration are unknown) was rapidly fatal to fish but solutions of one half
to three quarters of this amount (i.e., .5 to .75 cc) would require up to
one hour to kill fish. Subsequent studies have confirmed the toxicity
of phenol to both adult and immature organisms (EIFAC, 1973). Decreased

egg development in the oyster, Crassostrea virginica, has been found to

~occur at levels of 2 mg/1 phenol (Davis and Hidu, 1969).

Various environmental conditions will increase the toxicity of phenol.
Lower dissolved oxygen concentrations, increased salinity and increased
temperature all enhénce the toxicity of phenol (EIFAC, 1973). It has been
shown that phenol and_o-creso1 have-24?hour LC50's of 5 and 2 mg/1 -
respectively for trout embryos (A1ber$meyer and von Erichsen, 1959},
Rainbow trout were ki11ed in 7.3 mg/1 phenol in 2 hours and in 6.5 mg/1
phenol in 12 hours; at these concentratfons there was rapid damage;to
gills and severe pathology of other tissues (Mitrovic, et al., 1968). _
Patho1ogic.chaﬁges in gills and In fisﬁ tissues were found at concentrations

‘n the range of 20 to 70 ug/1 phenol (Reichenback-Klinke, 1965}.

McKee and Wolf (1963), following a review of world literature,
concluded that phenol in a concentration of 1 ug/1 would not interfere
with domestic water supplies, 200 ug/1 would not interfere with fish and
aquatic 1ife, 50 mg/1 would not interfere with irrigation, and 1,000 mg/1

would not interfere with stock watering.

A major aesthetic problem associated with phenolic compounds is

their organoleptic properties in water and fish flesh. Threshold

t al., 1962) to

odor levels range from 55 ug/1 for p-cresol (Rosen,
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2 ug/1 for 2-chlorophenol (Burttschell, et al., 1959). The chlorinated
phenols present problems in drinking water supplies because phanol is

not removed efficiently by conventional water treatment and can ba
chlorinated during the final water treatment process to form persistent
odor-producing compounds. Thus, odor problems are created in the
distribution system. Boetius (1954), Fetterolf (1962), Schulze (1261),
and Shumway (1966) estimated threshold fish fiesh tainting concentrations
for o-chlorophenol, p-chlorophenol, and 2, 4-dichlorophenol to range

from 0.1 ug/1 to 15 ug/1. The O-chlorophenol produced tainting at the

- lower concentration.

o A cr1ter1on of 1 ug/] pheno] wh1ch 1s about half of the ch]oropheno]

odor effect 1eve1 for a water supply and near the thresho]d fish flesh

tainting. concentrat1on, should protect the freshwater env1ronment for

such users.
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PHOSPHORUS

CRITERION:

0.10 ug/1 vellow (elemental) phosphorus for marine or
estuarine waters.

INTRODUCTION

Phosphorus in the elemental form is part1cu1arly tox1c and 1s subject to
b1oaccumu1at1on in much the same way as mercury. Phosphorus as phosphate is
one of the major nutrients required for plant nutrition and is essent1a1 for
1ife. In excess of a cr1tica1 concentration. phosphates stimulate p1ant growths .
During the past 30 ;ears, a2 formidable case has deve]oped‘for_the be11ef that
increasing standing crops of aquot1c_p1ents, which often interfere with water

uses and are nuisances to man, frequently are caused by fncreasing supplies of

- phosphorus. Such phenomena are associated with a condition of accelerated

eutrophication or aging of waters. Generally, 1t 1s reco§n1zed that phosphorus

-1s not the sole cause of eutroph1oat1on but there is substant1ating evidence

that frequently it is the key element of all of the elements requ1red by
freshwater plants, and genera11y. it 1s present in the least amount relat1ve
to need. Therefore, an increase in phosphorus e?Iows use of other a]ready‘
present nutrienis for p‘lent.growth° Further, of all of the.elements required
for plant growth 1n the water environment, phosphorus 1s the most easily con-

trolled by man.

Large deposits of phosphate rock are found near the western shore of
Central Florida, as well as in & number of other States. Deposits in Florida
are found in the form of pebbles which vary in size from fine sand to about

the size of a human foot. These pebbles are embedded in a matrix of cIay and
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and sand. The phosphate rock beds lie within a few feet of the surface and
mining is accomplished by use of hydraulic water jets and a washing operation
that separates the phosphate from waste materials. The process is simitar to
that of strip-mining. Florida, Idsho, Montane, North Carolina, South Carolina,

Tennessee, Utah, Virginia, and Wyoming share phosphate mining activities.

Phosphates enter waterways from several different sources. The human
body excretes about one pound per year of phosphorus expressed as “P." The
use of phosphate detergehts and other domestic phosphates increases the per
capita contribution to about 3-1/2 pounds per year of phosphorus as P. Some
industries, such as pofato processing, have wastewaters high in phosphates.
Ctop, forest, 1dle, and urban land contribute varying amounts of phosphorus -
giffused sources.fn drainage to watercourses, . This drainage may be surfgcg funoff
of rainfall, effluent from tile lines, or return flow from irrigatiun; Cattle
feedlots, concentrations of domestic duck or wild duck poputations, tree leaves,

and fallout from the atmosphere all are contributing sources.

Evidence indicatés that: (1) high phesphorus concentrations are associated
with accelerated eﬁtroph1cafidh‘of watefs;_when other growth-promoting factors
are PtéSEﬂtii(zl_Bquat‘éipla"P pnﬁbleﬁs ﬁgve1ab,1nreservo1rs-and other standing
waters'éfnbhbéﬁhérus;051ﬁésﬁ1ﬁwéf'than'thﬁéé:c;§f1ca1 in flowing streams; -

(3) resérvoif:'aﬁd Takes collect bhosﬁhdtgs‘fﬁom'inf]uent streams and store a
portioﬁ of them Qith1n conso]tdaté& sédiments, fhus serving as a phosphate
sink; and, (4) phusphorﬁé*conﬁentration§iCr1t1ch1 to noxioﬁ; plaht grthh'vaEy:
and nuisance'growths may reSd]t'from a pakficular concentratipn-of phosphate
in one geographical area but not in another. The amount or percentage of

inflowing nutrignts that may be retained by a lake or reserydir.is variable

and Wil debend upon: (1) the nutrient loading to the lake or reservoir; (2)

the volume of the'guphotic zﬁne;;(B).the-extent of biologicé] activities;

e
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(4) the detention time within the lake basin or the time;availabIe for biological

activities and, (8) the level of dischargé from the lake or of the penstock

from_the reservoir.

Once nutrients are'combfngd within the aquatic ecosystem, thgir removal is

tedious and expensive;' Phosphates_are used by algae and h1gher_aquat1C“p1anfs_

| and may be stored in excess of use within the plant cell. With decomposition

of the pTéntrce11, some phosphorus may. be released immediately through bacterial
action for recyc]ing within the biotic comﬁunity.\whi]e the remainderrmay be
deposited with'sedimenfs. Much of'thé:maperial that'bécoméé combined with the
consolidated sediments.within the 1ake bqtfum”is bound'perménent]y;énd;wfll not

‘be recycled into the system.

RATIONALE

Temental Phosshorus

Isom (1960) reported an LC50 of 0.105 mg/1 at 48 hours and 0.025 mg/1 at

160 hours for bluegill sunfish,_ggéomis macrochirus, exposed to ygllow phos-
phorus in distilled water at 26° C and pH 7. The 1é5-_and'}95—hour LC50's
of yel]ow-phésphofus'to Atlantic cod, Gadus movhua, and Atlantic -salmon,
§glgg_§glgg_smo1ts in tont1nuou5nexposure experiments was 1.89 and 0.79 ug/1,
respectively.(Fletcher and Hoyle, 1972). No evidehce of an incipient lethal
level was observed sincé the Towest concentratfoﬁiof Py tested was 0.79 ug/l.
Salmon that were ekposed to elemental phosphorus concentrations of 40 ug/1 or
leﬁs developed a distfnct external red color and showed signs of ektensive
hemolysis. The predominant features of Fg peisoning in salmon were external

redness, hemolysis, and reduced hematocrits.



Following the opening of an elemental phosphorus production plant in
Long Harbour, Placentia Bay, Newfoundiadd, divers observed dead fish upon the
bottom throughout the Harbour {Peer, 1972). Mortalities were confined to a
water depth of less than 18 meters. There was visual evidence of selective
mortality among benthos. Live mussels were found within 300 meters of the

effluent pipe, while all scallops within this area were dead.

Fish will concentrate e1ementﬁ1 phosphorus from water containing as |
11ttle as 1 ug/1 {Ildler, 1969). 1In one.set of experiments, a cod swimming.in
water containing 1 ug/1 elemental phosphorus for 18 hours concentrated phos-
phorus to 50 ug/kg in muscle, 150 ug/kg in fatty tissue, and 25,000 ug/kglin'
the liver {Idler, 1969 ; Jangaard, 1970}. The experimental findingsAshpwed
that phosphorus is quite stable in the fish tissues.

The criterion of 0.10 ug/1 elemental phospﬁorus for harihe or estuarine
waters is 1/10 of demonsfrated-1etha1 1eve1s.té important harine organisms

and of levels that have been found to result in significant bicaccumulation.

- Phosphate Phosphorus

Althouch a total phdsphorﬁs c?1tarioh tdicﬁntro1 nuisance aguatic growths
15 not presented, it 1s believed that the following rationaie to support such

a criterfon, which currently is evolving, should be considered.

Total phosphate phosphorus concehtrations in excess of 100 ug/1 P may
interfere with coagulat1oh in water treatment h]ants. When such cohcentrations
exceed 25 ug/1 at the time of the spring turnover on a volume-welghted basis

in lakes or reservoirs, they may occasionally stimulate excessive or nuisance
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growths of algae and other aquatic plants. Algal growths impart undesirable
tastes and odors to water, interfere with water treatment, become aesthetically
unpleasant and alter the chemistry of the water supply. They contribute to

the phenomenon of cultural-eutrophication.

To prevent the development of biological nuisances and to.contro1 ac-
celerated or cultural eutrophication, total phosphates as phOSphorus (P)
should not exceed 50 ug/1 in any stream at the point where it enters any. lake
or reservéir, nor 25 ug/1 within the lake or reservoir. A desired goal for

the prevention of o1ant nuisances in streams or other flowing waters not dis-

charging directly to lakes or impoundments is 100 ug/1 total P (Mackenthun, 1973).

Most relatively uncontaminated lake districts are known to have surface waters

that contain from 10 to 30 ug/1 total phosphorus as P (Hutch1ngon, 1957).

The majority of the Nation's eutrophication problems are associated
with lakes or reservoirs and currently there are more data to'suppoft
the establishment of a limiting phosphorus level in thooe wétersrthan in
streams or rivers that do not directly impact.soch watef.. There are .

natural conditions, also, that would dictate the consideration of either

a5g
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a more or less stringent phosphorus level. Eutrophication problems may
occur in waters where the phosphorus cencentration is less than that
‘indicated above and, obviously, there would be a naed in such watars to
have nutrient limits fhat are more stringent. Likewise, there are those
waters within the Nation where phosphorus is not now a limiting nutrient
and where the need for phosphorus limits is substantially diminished.

Such conditions are described in the last paragraph of this rationale.

There are two basic needs in estab]ishihg a phosphorus critaerion for

~ flowing waters: one is to control the development of plant nuisances w1thfﬁ

the flowing water and, in turn, to contro1'and prevent animal bests that may

‘become associated with such piants; the other is to protect the downstream

“receiving waterway, regardless of its proximity in linear distance. It is...

evident that a portion of that .phosphorus that enters a stream‘ornother

flowing waterway eventually will reach a receiving lake or estuary either as

a component of the fluid mass, as bed load sediments that are carried down-
stream, or as floating 6rganic materials that may drift just above the stream's
bed or float on its water's Surface. Supe;fmpoged‘on the ioading from the -
Tnflowing waterway, a lake or estuéry-mﬁygrébéfﬁe-idditidnAT phosphorus as

fallout from the air shed or as a direct introduction from shoreline areas.

1
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- Another method to control the inflow of nutrients, particularly phosphates;..
into a lTake is that of prescribing an annual loading to the receiving water.
Vollenweider (1973) suggests total phosphordﬁ (P} loadings in gfams ﬁer square
meter of surface area per year that will be a critica] level for eutrophic
‘conditions within the receiving wétérwdy for a partidu]ar water volume where
the mean depth of the lake #n meters is divided by thé hydrau]fc detention fime
in yéars. Vollenweider's data suggeét a range of 1oadfng values that should

result in oligotrophic lake water qua1ity.

01igotrophic or l  Eutrophic
Mean Depth/Hydraulic Permissible = - or Critical
Detention Time __Loading _ * _Loading
{meters/year) (grams/meterZ/year) (grams/meterzlyear)
0.5 0.07 ~0.14
1.0 0.10 | 0.20
2.5 0.16 0 0.32
5.0 | 0.22 - 0.45
7.5 0.27 0.55
10.0 0.32 | ©0.63
25.0 0.50 | 1.00
50.0 0.71 1.41
75.0 0.87 1.73
100.0 1.00 2.00

There may be waterways wherein higher concentrations or loadings of total
phosphorus do not produce eutrophy,. as well as those waterways wherein lower

cancentrations or l1oadings of total phosphorus may be associated with popula-
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tions of nuisance organisms. Waters now containing less than the specifiad

amounts of phosphorus should not be degraded by the introduction of additional

phosphates,

t should be recognized that a number of specific exceptions

can ogcur to reduce the threat of phosphorus as a contributor to lake eutrophy.
Often, naturally occurring phencmena 1imit the development of plant nuisances;
often there are technological or cost-effective limitations to the control of

introduced pollutants, Exceptions to the threat of phosphorus in eutrophication

occur in waters highly laden ’ with natural silts or colors which reduce the

penetration of sunlight needed for plant photosynthesis; fn those waters whose
morphometric‘features of steep banks, great depth, and substantial flows
contribute to a history of no plant problems; in those waters that are managed
primarily for waterfowl or other wildlife; in those waters where an identified
nutrient other than phosphorus is limiting to plant growth-and the level and
natuEe of such limiting nutrient would not be expected to increase to an extent
that would inf]uence eutrophication; and in those waters where phosphorus

control cannot be sufficiently effective under present techno1ogy to make

‘phosphorus the 11m1t1ng nutr1ent No nat1ona1 criterion is presented for

phosphate phosphorus for the control of eutrophication.
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PHTHALATE ESTERS

CRITERION:

3 ug/1 for freshwater aquatic 1ife.

INTRODUCTION:

Phthalate esters are organic compounds extensively used as plasticizers,
particularly in. polyvinyl chloride plastics. The function of a plasticizer
is to change the characteristice of the plastic resin by making them
more flexible or to improve their workability. Some plastic formulaticns may

contain up to 60 parts per hundred of a phthalate ester. Several phthalate

. esters are synthesized and vary in the side chain length and structure attached

to the parent benzene ring. Certain esters, the di-Z-ethylhexyT_and di-n-butyl

phthalates, are used as an orchard acaricide and insect repellent, respecffve1y,

Occurrence of the phthalate residues has been demonstrated in fresh | -
(Mayer, et al., 1971), marine (Morri;, 1970), tndustrial and heavily populated
waters (Stalling, 1972). No we]1‘documented information exists on the fate of

the phthalate compounds in aquatfc environments (Mayer, et al., 1972).

RATIONALE : | 7

Acute toxicity of the phtha1ate esters tested'has been shown to be quite
low (Sanders et al., 1973). Mayer and Sanders (1973) determined the 96»hour'LC50
of di-n-butyl phthaTate‘to be 1.3 mg/1 fdf the‘fathead minnow, Pimephales
promelas; 0.73 mg/1 for the‘bidegf11; Lepomis macrochirus; 2.91 mg/1 for channel

catfish, Icgalurus punctatus: 6.47 mg/1 for rainbow trout, Salmo gairdneri;

2.10 mg/1 for the scud, Gammaruys pseudolimnaeus; and >10 mg/1 qu the crayfish,

_ ‘Orconectes‘nais.f Daphnia magna,. when expcéed_tdatheJdi-Z-ethylhéxyi phthalate at

364
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levels of from 3 ug/1 to 30 ug/1 for 21 days, exhibited a decrease in the numbe

of young produced of 60 to 83 percent, reSpectively.

Ability of agquatic organisms to accumulate various phthalate residues
depend upon the ester, concentration and time of exposure. Concehf?ation»

factors up to 6,600 have been reported for di-n-butyl phthalate in midge: .

larva, Chironomus plumosus, after seven days exposure to 0.18 ug/1. Amphipods,

Gammarus pseudolimnaeus, were found to concentrate the di-2-ethylhexyl
phthalate 13,400 times in water containing 0.1 ug/1 after 14 days exposure

(Sanders et al., 1973). Daphnia magna were exposed to 0.1 ug/1 of radioactively

labeled phthalate for 7 days and then transferred to fresh flowing water to determine

the time required for elimination of phthalate residues (Mayer and Sanders, 1973),
After 3 days, 50 percent of the total radiocactivity remained; 25 percent of the

activity was still present after 7 days in fresh water,

Phthalate esters can be detrimental to aquatic organisms at low water con-
centrations. Ability to concentrate high levels from water and reproductive
impairment in certain species are suggestive of potentié1 environmental damage.
While the fate of these compounds remains obscure, théir presence .in water affects
successful growth and reproduction essential for maintenance of anima1 popu1at1ons.
A freshwater criterion of 3 ug/1 1s recommended even though some reproductive im-
pairment was seen in daphnids, since all other species feﬁted were SO much more
resistant. Until additional effect data become available this criterion should be

a goal for marine waters.
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POLYCHLORINATED BIPHENYLS

- CRITERICH:

.001 ug/l for freshwater and marine aquatic life

and for consumers thereof.

Every reasonable effort should be made to minimize hurman exposure.

IVTRODICTION:

Polychlorinatad biphenyiét(PCB‘s} ara2 a class of
comaounds produced by the chlorination of Sinhenyls.and are
registered in the United Statéé under- the trade name,
aroclor (B | The deqrée ¢f chlorination determines their
chemical properties, and éenerally their composition can bhe
identifiad by the aumerical nomenclature, e.g., Arocler
1242, Aroclor 1254, etec, Tie first two digits represent the

molecular type and the last two diﬁits the avearage

»percentage oy weight of chlorine (NTIS, 1272).

Identification of PC3's in the presence of
organochlorine pésticides sSuch as DDT and DDE has bean
difficult in the past “ecause of their similar

caromatograpiic characteristics (Risebrough, et al., 1968).
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In PCB analysis today, the interference of organochlerine
hwdrocarbons is overcome by sequential column chromatography

on Florisil and silica gel {Armour and Burke, 1970; FDA,

1971). Gas-liquid chromatography with highly sensitive and

selactive detectors has been employed successfully in the
detection of PCB's at low levels (Nebeker and Puglisi,

1974).

PCB compoundq are QIlqhtly scluble in water (25-200 ug/l
at 25°C), soluble in llplds, 0ils, organic solvents, and
resistant to both heat and biological deqradation (NTIS,

1972:.Nishet, et al., 1972). Typically, the specific

gravity, boiling point, and melting point of PCB's .increase

with their chlorine content. PCB's are ralatively

non—flammable, have useful heaf exchange and dlelectrlc
--pronertles, and now are ‘used prlnclpally in the’ electrlcal

rlndustry in capaC1tors and transformprs.

RATIONALF:

Tha acut@ and chronic effecfs cf PCRBY g have baen -

determined on a numbﬂr of aquatlc organisms.

3¢57
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: Ninety—six-houf LCS0 values for newly hatched fathead

minnows, Pimephales promelas, were 15 uasl for Aroclcer 1742

and 7.7 ug/l for Aroclor 1254. 1In 60-day continuous flow ok
bioassayé'so percent of the fathead minnows were.killed in
8.8 ugs/l Aroclor 1242 and in 4.6 ug/l Aroclor 1254 (Neheker,
et al., 1974).  Nine-month continuous flow bioaésay tests
were conducted.in the same series of experiments reported by
Nebeker; et al. (l1974).. The spawning of fathead minnows was
significantly affected at concentrations of 1.8 ug/l Aroclor
12543 concentrations of Aroclor 1242 above 10 ug/l were
lethal to newly hatched ff?.. Defoe, g2t al. (In Press)
conducted similar flow-through acute and chronic studies

with fathead minnows using Aroclcr 1248 and 1260. Th=

calculated 30~day TL50 for newly hatched fathead minnows was

4.7 ug/l for Aroclor 1248 and 3.3 ug/l for Aroclor 1260. E \swwz
Fathead minnows were able to reproduce successfully at PCB

concentrations which were acutely lethal to the larvae.

Stalling and Mayer (1972} determined 96~hour LC50 values
ranging from 1,170 to 50,000 ug/l for cutthroat'trout, Salmo
clarki, using Aroclors 1221-1268. With rainbow trout, Salmo

gairdneri, and Arcclors 1242-1260 the acute toxicity was

3
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greatar than 1500 mg/l. Fiftean=day intermittent-flow

bicassays carried out with bluegills, leromis macrochirus,
and Arcclors 1242, 1248 and 1254 resulted in LCS0 wvalues of

54, 76 and 204 ugrsl, respactively,

Johnson (1973}, Mayer {1975} and Veith (1975) conduc#=q
bicassays which showad tha+t the toxicity of Aroclor 1016,

introduced recently to replace PCR's of the Aroclor 1200

"series in many applications, was similar to that of Arocior

1242,

Neheker and Puglisi (1974) conducted bioassays with

Daphﬁia magnd exgosad to concentrations of Aroclors
1221-1268, Inrcontinuous flow tests Aroclor 1254 was the
most toxic with a 3-week LCS50 of 1.3 ugs1l; 100 percent
mortality occurred at 3,5'ug/l ana,IOO percent reproductive
impairment occurred at 3.8 ﬁg/i. fSﬁailing and Mayer. (1972)
and Mayer et al. (197%5) conducted'flow;thfough and static
tiocassay tests on freshwater inverteltrates which likewise
indiéated that these organisms are.qenerally more

susceptible to acute toxic effects of PCB's than fish.
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Studies of the Milwaukee River (Wisconsin) revealed PCB
concentrations in ambisnt water of 2.0 to 2.8 ug/l and
residues in fisn as high as 405 ug/g {(Veith and Lee, 1371}.
Open water Lake Michigan PCB concentrations have been
reported to be less than 9.01 ug/l; mean residues in coho

salmon, Oncoraynchus kisutch, were about 15 ug/g (Veith,

1373), Veith (1273) found that goldfish, Carassius auratus,

in the lower Milwaukee River accumulated Arocleor 1248
approximately 0.7 x 19° to 2 x 13° times depending upon the
ambient water concentratiohf From both laboratory and river
system studies, ﬁany aquatic organisms apwnear to
hipaccunulate PCB mixtures containing 3, 4, 5, and 6
chlorine atoms par moleculs approximately 3 x 103 to 2 x 105
times the concentration in the water. Tissue residues in

fathead minnows, Pimephales promelas, ranged from 0.7 ug/g

of Aroclor 1248 in control fish to 1036 ug/qg of Aroclor 1254
in f£ish neld for 8 months in water containing 4.0 ug/l of
Aroclor 1254 (Nebsker, et al., 1974). The latter case
indicates a bioaccunulation factof of 2,3 x 105, which is
essentially independent of the PC3 concentration in the

water.
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Bluegill sunfish, Lepomis macrochirus, exposed to

Aroclors 1248 and 1254 exhibited a bicaccumulation factor of
7.1 x 10% (Stalling and Mayer, 1972). The hicaccumulation

factor for gizzard shad, Dorosoma cepadianum, in the Saginaw

River (Michigan) varied between 0.6 x 10> and 1.5 x 193 for

Aroclor 1254 (Michigan ¥Water Resource Commission, 1973},

On the Dbasis of the FDA action level of 5 ug/g in flsh
tissue, and bota laboratory and field derived

bioaccumulation levels for fathead minnows, Pimephales
——eTn S T

promelas, and goldfish, Carassius auratus, in the range of

9.7 x 1073 to 2,3 x 19° s an ambient_wéter congcantration of no

more than 0.022 ug/l would bHe parmissible, Howe&er, lake

trout from the Great Lakeas larger than.12 inches in length
generally contain more than 5 ug/q of PCB'S and chub from
the Great Lakes generally contaln PC3 S 1n amounts,
aparoacnlng or sl;gntly exceedlng 5 ug/g. Since monitoring
data on the Great Lakes® waters conqlstantly indicate - -
concentrations equal to or less than ,01 ug/l, a criterion

of less than 0,01 ug/l for .all fishes appears nec23sary.

369
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A residue level of 2 ug/qg in fish consumed.by commercial

ranch mink has been shown %o precludé survival of mink

‘of £fspring (Ringer, et al., 1972). :Reprbduction was nearly

eliminated in rénch mink fed a beef diet containing 0.64
ug/g of Aroclor 1254 fPlatonoﬁ and. Kalstad, 19ﬁ3); fhis-
suggests that a tissue level limit of not more thén 0.5 ug/g
would be required to protect ranch mink, and by implication,
other carnivorous mammals, These data, plus the faét tﬁat
iake trout from the Great Lakes {in water with PCB levels
equal to or less than 0.61 ug/l) already exceed the 5 uq/qg
FDA limit, justify a fresh watef critefion of not greafer

than 0.001 ug/l.

Median PCB concentrations in whole fish of eight species
from Long Island Sound obtained in 1970 were reported to be
on the order of 1 ug/g, as were comparable concentrations

found in fish off the coast of Southern California (Hays and

Risebrough, 1972; Risebroﬂgh. 1569). Generally, residues in

ocean fish have keen below 1 ugr/g (Risebrough, 1970).

Surveys of Escambia Bay {Florida) during the period

September 1969 to December 1971 produced data on the
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pathways and effects of PCB®3 in the estuarine and marine
environments. The sediment reservoir of Aroclor 1254 is
thought to be a continuing source of PCB's to aquatic biota.
The initial survey of Escambia Bay kiota revealed fish,
shrimp, and crabs with levels as high as 12 ug/g. Bigher
levels of PCB's were detected in higher trophlc levels than
shrimp, which could implicate a chain transfer from ‘sediment

to large animals {Duke, 1974},

From the Escambla Bay data, which 1nc1ude flow-through

biocassays with residue analyses where poq51ble, the

following conclusions were reached: {1) all of the Aroclers

tested are acutely toxic to certain estuarine organisms; ({2)

biocassays lasting longer than 96 hours demonstrated that
Aroclor 1254 is toxic to commercial shrimp at less than 1

ug/l: (3) flsh, partlcularly sheepqhead mlnnowq, Cyrrinodon

variegatus, are extremely 59n51tive to. Aroclor 1254 with 0.1

ug/1 lethal to fry; and, (u) acute toxicity of Aroclor 1016
to estuarine orqaniéms is“similar to.thatﬁof other Arcclors

kbut it appears less toxic to marine -figh in long-term

exposures than does Aroclor 1254 {Duke, 1974; SChimmél, et

al., 1974),
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Oysters, Crassostrea virginica, were sensitive-to.

Rroclor 1260 with qrowth dirinished by 44 percent in
concentrations of 10 uq/l and by 52 percent in 100 ug/1.
Approximately 10 percent of the pink shfimp,'ﬁgggggg_
duorargm, died in 1do ug/l, but no apparént effects on

pinfish, Lagodon rhomhoides, were noted at that

concentration. Aroclor 1254 had no apparent effect on
juvenile pinfish at 100 ug/l in 48-hour flow?through'tests,
but killed 100 percent of the pink Shrimp, At 100 ug/1 of
Aroclor 1254 for 96 hours; shell growth of oysters was
.inhibited and was Adecreased 41 percent at lévels 6f,1b uqg/l.
The toxicity of Aroclor 1248 and 1242 to shrimp and pinfish

was similar o that cf Aroclor 1254, “Aroclor 1242 was toxic

to oysters at 100 ugs/l. ¥illifish, Fundulus heteroclitus,
expoeged to 25 ug/l of Aroclor 1221 suffered 85 percent
mortality. In 96~hour biocassays, Aroqldr 1016 was ‘toxic to

an estimated 50 percent of the oysters, Crassostrea

virginica; brown shrimp, Penacus aztecus; and grass shrimp,

Palecmonetes pugio, at 10 ug/l; it was lethally toxic to 18

percent of the pinfish at 100 ug/l (Duke, 1974).
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Young oysters, Crassostrea virainica,_nxposeﬁ to Aroclor

1254 in flowing sea water for 24 weeks °xper1@ncnd reduction
in qrow+h rataes at 4.0 ugrl, but appareantly were not
atfected by 1.0 ugrl. Oysters accumulated as much as
100,000 times the test-water concentration of 1.0 ugrl,
General tissue alterations in the vesicular connectiwve
tissue around the diverticula of the hepatopancreas were
noted in the oysters exposad to 5.0 ug/l. No significant
mortality was okserved in oysters exposed continuously +o

0.01 ug/l of Aroclor 1254 for 56 weeks (Duka, 1974).

Elue crabs, Callinectes sapidus, apparantly were not

affected by 20 dayst exposure to 5.0 ug/l of Arocior 125ﬁ.
Pink shrimp exposed under similar conditions experienced a
72 percent mortality. In subsequent £ low-through hioassays,
51 percpnt of the 1uven11n shrlmp were killed hy Aroclor
1254 in 15 days and 50 percent of the adult shrimp were
k111ed at 3.0 ug/l in 135 days, From pathological
examinaticns of the expospd plnk shrimp, it appears that
Aroclor 1254 fac111fatns or enhancas fhe quscepf1b111+y to.

- latent viral infections. Aroclor- lZSu was lethal to qrasq

shrlmp, Palpomonetes pugio, at u 0 uq/l 1n 16 days, to

3753
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ampaipods at 10 ug/l in 30 days, and to juvenile spot,

Leiostomus xanthurus, at 5.0 ug/l after 20 to 45 daya.

Sheepshead minnows, Cyprinodon variegatus, were the most

senzitive estuarine organisms to Aroclor 1254 with 9.8 ug/l

lethal to the fry within 2 weeks. Aroclor 1016, in two

different 42~day flow-through bioassays, caused significant

mortalities of pinfish at 32 ug/l and 21 ug/l,

Pathological

- examination of those exposed to 32 ug/l revealed several

liver and pancreatic alterations. Sheensiead minnows in

28~day Aroclor 1016 flow-through bicassays were not affected

by concentrations of 10 ug/l or less, but died at 32 and 100

ug/l (Duke, 1974). The bicaccumulation factors determined

Dy the flow-through bioassays are:

Aroclor Organism
1254 Oyater (Crasgostrea
virginica
1254 Blue crab

{Callinectes sapidus)

1254 Grass shrimp
(Paleomonetes pugio)

1254 Spot (Leiostomus
xantaurus

Time

30 days

20 days

7 days

14-28 days

374

accumialation Factors
(as a multiplier of test
water concentrations)

1.01 x 10°

4 x 103

3.2 x 103 to 11 x 1073

37 x 103



e

12

1254 Pinfisa

(Lagodon rhomboides)

1916 ~Pinfisa

(Lagodon rhomboides)

1316 Saeepshead minnow

{Cyprinodon variegatus)

353 days 21.8 x 193

42 days 11 x 193 to 24 x 10

4,5

3ased upon an accumulation factor of 100,009 in the

oyster, it is necessary to limit the marine water

3

x 103 to 8,1 x 193

concentration of PC3's to a maximum of 9.71 ug/l to protect

“the human consumer, ilowevar, data on the toxicity of
“'Aroclor 1234 .to shesepsacad minnow fry mentioned earliar

' fséhimmel, et al., 1374}, waich indicate lathality at 0.1

- of 3.1 to obtain a marine criterion of 0,001 ug/l. Tais

level is furtaer supported by the evidence cited earlier

suggesting that a food tissue level of 0.5 ug/qg, or 0.1

,orotect qarnivorous mawmals.

" times the FDA level for human consumntlon, i3 necessary to

ug/1, justify lowering the latter concentration by a factor

Zvidence igag accumulating that PCB's do not contribute te

shell tainning of bird eggS'(N&S}

producad no shell thinning in egqs of mallard ducks (ieath

1974) .

Dietary PC3's

-at al., 1372). PCB s may increase susceptlolllty to

3157
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infectious agents such as viral diseases (Friend and

Trainer, 1970}, and increase the activity of liver enzymes

" that degrade steroids, inciuding sex hormones (Riséhrouqh,

et al., 19683 Sﬁreet,-gg al., 1968). Labp;atory studies
have'indicated that PCB's with their derivatives or )
metabolites, cause embryonic death of hirds (Voss and
Koeman, 1970). Feeding PCB's to White Leghorn pullets at a
level of 20 ppm caused a siéﬁificant_decréase in

hatchability of the eggs and viability of the surviving

- progeny {(Lillie, et al., 1974; Lillie, et al., 1975); in

many cases, the cause of embryo mortality was attributed to
gross abnormalities which ranged from edema to malfcrmed

appendages (Cecil, gg al., 1974).

Exposure to PCB's is known to cause skin lesions
fSchwartz and Peck, 1943} and to increase . liver enzym=
activity that may have a secondary efféct on reproductive
processeé'(Risebrouqh,_1969; Street,lg; al., 1968;
Wasserman, et al., 1970). It is not clear whether the
effects are due to the PCE's or their contaminants; the
chlorinated ditenzofurans, which ars hiéhly toxic fBauer, et

al., 1961: Schultz, 1968; Varrett, 1970). While chlorinated
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dibenzofurans are a by-product of PC3 production, it is not
known whether they are also produced by ths degradation of

PCB's (NAS, 1974).
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SELENIUM

CRITERIA:
10 ug/1 for domestic water supply (health);
For marine and freshwater aquatic life; 0.01 of
the 96-hour LCgy as determined through biocassay
using a sensitive resident species.
INTRODUCTION:

Biologically, selenfum is an essential, beneficial element recognized
as a metabolic requirement in trace amounts for animals but toxic to them
when ingested in amounts ranging from about 0.1 to 10 mg/kg of food. The
national levels of selenjum in water are-proportiohal to the selenium in
the soil. 1In Tow selenium areas, the content of water may be well below
1 ug/1 (Lindberg, 1968). In water from se1eniferous areas, levels of

selenium of 50 to 300 ug/1 have been reported (WHQ, 1972). Selenium

appears in the soil as basic ferric selenite, calcium selenate, and as

elemental selenium. Elemental selenium must be oxidized to selenite or

selenate before it has appreciab]e sq]ubi]jty in water. .

RATIONALE:

Selenium is considered toxic to'man. Symptoms appear similar to.

those of arsenic poisoning (Keboe, e'--t'- a1'~‘-",'"'-194'4- Fairhiil, '1941) Ay -

-~ consideration of the tox1c1ty of se1en1um to man must take 1nto con~

s1derat1on the dietary requ1rement for the element in amounts est1mated

to be 0.04 to .10 mg/kg of food. Cons1der1ng this requ1rement in

conjunction with ev1dence that ingestion of selenium in amounts as low
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as .07 mg per day has been shown to give rise to signs of selenium
toxicity, selenium concentrations above 10 ug/1 should not be permitted
in drinking water (Smith, et al., 1936; Smith and West, 1937). The
USPHS drinking water standards recommend théf drinking water §uppjies

contain no more than 0.01 mg/1 of selenium (USPH5; 1962).

As sodium selenite, 2.0 mg/1 of selenium has been demonstrated to

be lethal to goldfish, Carassius aufatus, in 18 to 46 days (Ohio River

Valley Water Sanitation Commission, 1950). Bringmann and Kuhn (1959)

demonstrated the threshold effect of selenium as sodium selenite on

a freshwater crustacean, an alga and a bacteriim. In two days the
median threshold effect occurred at 2.5 mg/l with Daphnia; in 4 days the

“median threshold effect was 2.5 mg/1 with Scenedesmus, at 90 mg/1 with

Escherichia coli:, and 183 mg/1 for the protozoan, Microregma.

Selenium in water apparently is toxic at concentrations of 2.5 mg/1
or less to those few species tested. Animals can beneficially metapolize
ingested selenium in amounts of 0.01 to 0.10 mg/kg of focd.

Based on the data available, freshwater fish should not be exposed
to water containing more than 0.01 of the 96~hour LCS0 as determined

through biocassay using a sensitive residént species.
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SILVER

CRITERIA:
50 ug/1 for domestic water supply (health), .
For marine and fresh water aquatic life 0. 01
of the 96-hour LCpgpas determined through bio-
assay using a sensitive resident species.

INTRODUCTION:

Biologically, silver is a non-essential, non -beﬁeficial element
recognized as causing localized skin discolo.r.ationllin humé'ns, and .as
being systemically toxic to aquatic life, Ingestion of silver or silver
salts by humans results in deposition of silver in gkin, eyes and muéous

membranes that causes a blue-gray discoloration without apparent

systemic reaction (Hill, 1957). Because of its strong bactericidal action,

silver has been considered for use as a water disinfectant. Dosages of

0. 001 to 500 ug/1 of silver have been reported sufficient to sterilize

‘water (McKee and Wolf, 1963). At these concentrations, the ingestion of

silver has no obvious detrimental effect on humans.

RATIONALE:

The 1962 USPHS Drinking Water Standards contained a limit for silver
of 0.05 mg/l. This limit was established because of the evidence that
silver, once absorbed, is held.i.ndefinitely in tissues, particularly the
gkin, without evident loss through usual channels of elimination or re-
duction by transmigration to other boay sites, and because of the probable
high absorbability of silver bound to sulfur components of food cooked in

silver-containing water (Aub and Fairhall, 1942). A study of the toxic
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effects of silver added to drinking water of rats showed pathologic
changes in kidneys, liver and spleen at concentrations of 400, 700, and

1, 000 ug/l (Just and Szniolis, 1936).

Using' gsilver nitrate, Coleman and Clearly (1974) demonstrated that

juvenile largemouth bass, Micropterus salmoides, and bluegill,

Lepomis macrochirus exposed to silver in concentrations of 0.3 to

70 ug/l accumulated the metal, especially in the internal organs and
gills. The quantity of accumulated silver increaged as exposure
concentrations increased with a subsequent equilibrium developing.
between the water and tissue concentrations. After two months’
expoSure to 7 ug/l1 silver, the concentration of silvér in gills
exceeded that in the gills of the control fish by 200~fold. The 70 ug/l

concentratmn of silver was fethally-toxic to bass.

Data compiled by Doudoroff and Katz {1953} show that sticklebacks
were killed by a 20 ug/l concentration of silver nitrate in two days.
Anderson (1948) reported that the toxie threshold of silver nitrate’

for sticklebacks, Gasterosteus aculeatus, was 3.0 ug/l as silver,

He also found that Daphma magna were immobilized by 3.2 ug/l as

silver. Jones (1939} found the lethal concentration of silver nitrate
for sticklebacks was 3.0 ug/l as silver. In differing concentrations
the average survival times of the fish were; one week at 4. 0 ug/l,

four days at 10.0 ug/l, and only one day at 100.0 ug/1.
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In a 10-month bicassay on rainbow trout, Salmo gairdneri,

exposed to silver nitrate, Geottl, gigl.. (1974} determined that no

significant number of test fish died when exposed to silver

- concentrations of .09 and 0.17 ug/l as silver, The results did not

reflect possible effects of silver on spawning behavior or reproduction.

Using silver thiosulfate, silver nitrate, silver carbonate and
silver chloride, Terhaar, et al, (1972) reported that all of a test

group of 20 fathead minnows, Pimephales promelas, survived

:e:-:pqsure for 96 hours to b5, 000 ug/1 silver as silver thiosulfafe;

at 250, 000 ug/1 '15 of 20 fish died. Silver nitrate in |
concentrations of 1, 000 and ?.00. 0 ug/l as s1Wer killed 16 out of

20 and 12 out of 2'0 fish, respectiv_e]&. Silver carbonate kﬁ]ed all
20 test fish at concentrations of 1,000 ug/1.

In marine waters a concentration of 400 ug/1 as silver killed 90

percent of test barnacles, Balanus balanoides (Clarke, 1947),

Silver nitrate effects on the development of sea urchin, Arbacia,
have been reported at approximately 0.5 ug/l (Wilber, 1969).

Galabrese, et al, (1973) reported an LCSO (48-hour) of 5.8 ug/1 ﬁs silver

for oyster larvae, Crassostrea virginica, and an L.C 0(48-hour) of
21.0 ug/l as silver for larvae of the hard-shell clam, Mercenaria
mercenaria. Jackim, et al. (1970) reported a sublethal enzyme

effect at a concentration of 20,0ug/1 as silver for Fundulus heteroclitus.
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It is apparent that there is a wide variation in the toxicity of silver
compounds to aquatic life and that the degree of dissociation characteristic
of these compounds affects toxicity. Since little information is available
on the movement and chemical stability of these compounds in the

aquatic environment, a silver criterion must be based on the total

silver concentration.

The silver criterion should be established at 0.01 of the 96~hour
LC50 as determined through bioassay using a sensitive resident species.
This application factor has been recommended (NAS , 1974-) for

persistent or cumulative toxicants.
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SOLIDS (DISSOLVED) AND SALINITY

CRITERION:
250 mg/1 for chlorides and sulfates
in domestic water supplies (welfare),
* INTRODUCTION:

Dissolved solids and total dissolved solids are terms generally associated
with freshwater systems and consist.of inorganic salts, small amounts of organic

matter and dissolved materia1s-($awyer, 1960). The equivalent terminology ‘in

Standard Methods is filtrable residue (Standard Methods, 1971). Salinity is a

an oceanographic term, and although not precisely equivalent to the total

‘dissolved salt content'it is related to it (Capurro, 1970). . For most purposes,

the terms total dissolved salt content and salinity are equivalent. The principal

inorganic anions dissolved in water include the carbonates, chlorides, sulfates .

and nitrates {principally in ground waters); the principal cations are sodium,

potassium, calcium, and magnesium,

RATIONALE :

Excess dissolved solids are objectionable in drinking water because of
possible physiological effects, unpalatable mineral tastes and higher costs

because of corrosion or the necessity for additional treatment.

The physiological effacts directly related to dissolved solids inc]udé
laxative effects principally from sodium suifate and magnesium sulfate and the

adverse effect of sodium on certain patients afflicted with cardiac

- disease and women with ioxemia associated with pregnancy. One study was made'
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using data collected from wells in North Dakota. Results from a questionnaire showed
that with wells in which sulfates ranged from 1,000 to 1,500 mg/l, 62 percent of the
respondents indicated laxative effects assoctated with consumption of the water.
However, nearly one-quarter of the respondents to the questionnaire reported
difficulties when concentrations ranged from 200 to 500 mg/1 {Moore, 1952). To
protect transients to an area, a sulfate level of 250 mg/1 should afford.

reasonable protection from laxative effects.

As indicated, sodfum Frequent1y is the principal component of dissolved solids.

Persons on restricted sodium diets may have an intake restricted from 500 to
1,000 mg/day (Nat. Res. Coun., 1954)., That portion ingested in water must be
compensatéd by reduced levels in food ingested so that.the total does not
exceed the allowable intake. _Using certaiplgssumbtjons of water intake
(e.g., 2 liters of water cdnsumed per day) and sbdium'content of food,'it has
been ca]cu]ated'that for very &estricted.sodium diets, 20 mg/1 in water would be
the maximum, while for moderately restricted diets, 270 mg/1 would be maximum.
Specific sodium levels for enfire water supplies have not been recommended but
various restricted sodium intakes are recqmmended because: (1) the‘génera1
population is not adver5e1ynaffecféd by sodium; but Various Eestricted sbdium

- intakes are recommended by ﬁhysicians for é Sighificant portion of the population,
and; (2) 270 mg/1 of sodium 15 representat1ve of m1nera11zed waters that may be
aesthet1ca1ly unacceptab]e but many. domest1c water supplies exceed this level,

- Treatment for remova] of sodium in water supp11es is costly {(NAS, 1974),

A study based on consumer surveys in 29 Ca1ifornia water systems was made to
| measure the taste threshold of d1ssolved salts in water (Bruvo]d et al B 1969) o
Systems were selected to eluminate poss1b1e 1nterferences from other taste -causing
substances than dissolved salts. The study revealed that consumers rated waters

with 319 to 397 mg/1 dissolved solids as."excellent® while those with 1283 to
295 |
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1333 mg/1 dissolved solids were "unacceptable" depending on the rating system

used. A “good" rating was registered for dissolved solids less than 658 to 755 mg/1.

These results should be interpreted with consideration of consumer acclimation to

such waters. The PHS Drinking Water Standards {1962) recommended a maximum dissolved

solids concentration of 500 mg/1 uniess more suitable suppties were unavailable.
Specifié cénstituents included in the dissolved solids in water may cause -

mineral taste at Jower concentrations than other const1tuenfs. Chloride jons

have frequently been cited as having a low taste threshold in water. Data

from Ricter and MécLean (1939) on a taste panel of 53 adults 1nd%cated that.

61 mg/1 NaCl was the median level for detecting a difference from distilled

water. At a median concentration of 395_mg/] chloride a salty taste was'd1stingufsha

able, although the range was from 120 fo:1215'mg/1. .Lockhart,“gg_gl. {1955) |

evaluated the effect of chlorides on water used for:brewing coffee. Thresho1d‘l'

concentrations for chloride ranged from 210 mg/1 to 310 mg/1 depending on the

associated cation. These data indicate that a level of 250 mg/1 chlerides is a 

reasonable maximum level to protect consumers of drinking water.

The causation of corrosion and encrustation of metallic surfaces by water .

containing dissolved solids is well known. In water distribution systems

“corrosion is controlled by insulating dissimilar metal connections by non-metallic

materials, use of pH control and corrosion inhibitors, or some form of galvanic
or impressed electrical current systems {Lehmann, 1964). Damage in household
systems occurs to water piping, wastewater piping, water heaters, faucets, toilet

flushing mechanisms,?garbage grinders and both clothes and dishwashing machines.
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By use of water with 1,750 mg/1 dissolved solids as compared with 250 mg/1,
service life reductions ranged from 70 percent for toilet flushing mechanisms
to 30 percent for washing equipment. Such increased corrosien was calculated
in 1968 to cost the consumer an additional $0.50 per 1,000 gallons used
(Patterson and Banker, 1968). |

A1l species of fish and other aquatic 1ife must tolerate a range of
dissolved solids concentrations in order to survive under natural conditions.
Based on studies in Saskatchewan it has bean indicated that sévera] common
freshwater species survived 10,000 mg/1 dissolved solids, that whitefish and
pike-perch survived‘15,000 mg/1, but only the stickleback survived 20,000 mg/1
dissolved soTids. It was concluded that lakes with dissolved solids in excess
of 15,000 mg/1 were unsuitable for most freshwater fishes (Rawson and Moore,
1944). The NTAC Report (1968) also recommended méihtaining:osmotic pressure -
Tevels of less than that caused by a 15;000 ma/1 solutfon of sodium ch1oridé.

Marine fishes also exhibit variance in ability to tolerate salinity

changes.: However, fishkills in Laguna Madre off the Texas coast have occurred-

with salinities in the range of 75 to 100 o/oo. Such
concentrated sea water is caused by evaporat1on and Tack of exchange with the

Gulf of Mexico: (Rounsefe]] and Everhart 1953)

Estuarine. species of fish are toTerant of sa11n1ty changes ranging
from fresh to brackish to sea water. Anadromous specles Tikewise are tolerant

a]though ‘evidence indicates that the young cannot to]erate the change until

the normal time of migration (Rounsefell and Everhart, 1953). Other aquatic

Species are more dependent. on sa11nity for protection from predators or require
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certain minimal salinities for successful hatching of eggs. The 6yster drill

cannot toierate salinities less than 12.5 o/oo, Therefore,. estuarine segments con-
taining salinities below about 12;5 q/ooproduce most of the seed oysters for planting
(Rounsefell and Everhart, 1953). Baséd on similar examples, the NTAC Report

{1968) recommended that to protect fiéh and other marine animals no changes
1n.hydrography or stream.flow should be allowed that permanent1y change

isohaline patterns in the estuary by more than 10 percent from natural variation.

'Many of the recommended game bird levels for dissp]ved solids concentrations
in drinking water have been exthépp]q?ed,froﬁ‘data'po}1ected on domestic species'-
ﬁuch és chickens. However, youhg-duck1ings were;hepbhted poisoned in Suisan
Marsh by salt when maximum Summer sa]initfes_varied from 0.55 to 1.74 o/oo withrmeans

as high as 1.26 o/oo(Griffi@h; 1963).

Indirect effects of excess dissoived solids are primarily the elimination of
desirable food plants and other habitaf forming plants. Rapid salinity changes
cause plasmolysis of-tender Teaves and stems because of changes in osmotic
pressure. The NTAC Report (1968) recommended the following 1imits in sa]infty

variation from natural to protect wildlife habitats:

Natural Salinity Variation Permitted
(o/o0) (0/00)
0 to 3.5 1
3.5 to 13.5 2
13.5 to 35 4
3%
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Agricultural uses of water are also limited by excessive dissolved solids
concentrations. Studies have indicated that chickens, swine, cattle and sheep
can survive on saline waters up to 15,000 mg/1 of salts of sodium and caleium
combined with bicarbonates, chlorides and sulfates but only 10,000 mg/1 of

corresponding salts of potassium and magnesium. The approximate limit for highly

alkaline waters containing sodium and calcium carbonates is 5,000 mg/1 (NTAC, 1968).

Irrigation use of water is not only dependent upon the osmotic effect of
dissolved solids, but also on the ratio of the various cations present. In

arid and semiarid areas general classification of salinity hazards has been

prepared {(NTAC, 1968) (see Table 9).

seble 9 Dissolved Solids Wazard for Irrigation Water (mgq/1)

Water from'wh1ch no detri-

mental effects will usually
be noticed--we-mmmacaaaaoilaoL - 500

Water which can have detri-
mental effects on sensi-

tive crops-=eescccammmmcccnnne. 500-1,000

Water that may have adverse .

effects on many crops and

requires careful manage- . ‘

ment practices--m=uu- wmesseree= 1,000-2,000

Water that can be used for
tolerant plants on perme-
able so0ils with careful

management practices----v-eean_ 2 000-5,000 .

~ The amount of sodium and the percentage of sod1um in re1at10n to other cat1ons

are often important. In addition to contr1but1ng to osmotic pressure. sodium. is .

toxic to certain plants, especially fru1ts,_andrfrequent1y.causes pronlems 1n-

soil structure, infiltration and permeabil ity rates.(Agricu]fureiHendbook #60,
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1854). A high percentage of exchangeable sodium in soils containing claysrthat

swell when wet can cause a soil condition adverse to water movement and plant

| growth. The e.xdmangeable—sodimn percentage {(ESP)* is an hxie_x.of the

sodium status of soils. an ESP'df 10 to 15 percehtlis considered
excessive if a high percentage of swelling clay minerals is present
(Agricultural Handbook #60, 1954). |

For sensitive fruits, the tolerance for sodium for irrigation water is for
a sodium-adsorption ratio (SAR)*of about 4,_Qhereas.for general crops_ahd
forages a range of 8 to 18 1is ggnefa11y considered usable (NTAt;liéﬁs)Q‘ If is-
emphasized that application of these factors muét be interpreted in relation to
specific soil conditioné existiné iﬁlﬁ giVen 1ocaie and theréfore freduent?y

requires field investfgation.
o

Industrial requirements reaarding the dissolved solids content of raw
waters is guite variable. Table.101indicates maximum values accepted by various
industries for process requirements (NAS, 15974). Since water of almost any
dissolved solids concentration can be de-1onjzed to meet the moﬁt.stringent

requirements, the economics of such treatment are the 1imiting factor for industry.

*ESP = 100[a + b{(SAR)]
1 [a + b(8AR)]
where: a = intercept representing e:-cperi.nenfal error
(ranges from ~0.06 to 0.01)
b = slope of regression line (ranges fram 0.014 to 0.016)
**SAR = sodium adsorption ratio = Na

T0.5{Ca ™+ Mg} ]¥=>

SAR is expressed as milliequivalents o
o
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Table 10

Total Dissolved Solids Concentrations of Surface
Waters that have been Used as Sources for
Industrial Water Supplies

Industry/Use

Textile

Pulp and Paper

Chemical

Petroleum

Primary Metals
. Copper Mining

Boiler Make-up

Source:- NAS, 1974
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Maximum Concentration

(mg/1)

150

1,080

2,500

3,500

1,500

2,100
35,000
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SOLIDS (SUSPENDED, SETTLEABLE) AND TURBIDITY

CRITERIA:
Freshwater fish and other aquatic Tife:
Settleable and suspended solids should not reduce the
depth of the compensation point for photosythetic

activity by more then 10 percent from the seasonably
established norm for aquatic life.

INTRODUCTIDN

The term "suspended and settleable solids" is descriptive ofxﬁ R

the organic and inorganic particulate matter in water. The equ1va]ent '

terminology used for solids 1% Standard Methods (APHA, 19?1) is total
suspended matter for suspended so]fds, settleable matter for sétt]eqb]e
solids, volatile suspended matter for volatile so]%ds and fixed
suspended matter for fixed suSpended solids. The term "so1ids"_is

used in this discussion because of its more common use in the water

pollution contro1 1iterature.

RATIONALE:
Suspended solids and turbidtty are important parameters in both mun1c1pa1
and industrial water supply pract1CES Finished drink1ng waters have a maximum 11m1t
of 1 turbidity unit where the water enters the distribution system. This
1imit is based on health considerations as it relates to effective
thlorine disinfection. Suspended matter provides areas where micro-
organisms do not come into contact with the chlo%ine disinfectant (NAS, 1974).
| The ability of common water treatment processes (i.e., coagulation, sedimentation,

filtration and chliorination) to remove suspended matter to achieve acceptable

oy



final turbidities 1s a function of the composition of the material as well as
its concentration. Because of the variability of such removal efficiency, it is

not possible to delineate a general raw water criterion for these uses,

Turbid water interferes with recreational use and aesthetic enjoyment of water.

Turbid waters can be dangerous for swimming, especially if diving facilities are
provided because of the possibility of unseen submerged hazards and the difficulty
Tn Tocating swimmers in danger of drowning'(NAS, 1974}, The less turbid
the water the more desirable it becomes for swimming and other water contact
sports. Other recreational pursuits such as boating and fishing will be
adequately protectéd by suspended So]ids criteria developed for protection of
fish and other aquatic 1ife. y

Fish. and other aquatic 11fe requirements concerning suspended solids can be
divided 1nto those whose efféct occurs in the water column and those whose effect
occurs following sedimenfation to the bottom of the water body. Noted effects
are similar for both fresh. and marine waters.

The effects of suspended sol1ids on fish have been reviewed by the European
Inland Fisheres Advisory Commission (EIFAC,_]QGS), This review 1deﬁtif1ed four
effects on the.ffsh and fjsh food pdpufétiohs,,namg]y: |

“(1) by actng directly on'the fish swimning in water in which
solids are suspended, and either killing them or‘reducing their growth
rate, resistance to disease, etc.; _
(2) by preventing the successful deveTopmeht-of ffﬁh €ggs and larvae;
(3) by_mod1fying natural movements and migrations of?fish;

(4}:by reducing the abundance of food available to the fish; . . .°
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Settleable materials which blanket the bottom of water bodies damage the
invertebrate populations, block gravel spawning beds, and if organic, remove
dissolved oxygen from overlying waters (EIFAC, 1965; Edberg and Hofsten, 1973).

In a study downstream from the discharge pf a rock guarry whefe‘jnert suspended
solids were increased fo 80 mg/1, the density of macroinvertebrates decreased by
60 percent while in areas of sediment accumulation benthic inve?tebrate popu1at10nsl'

also decreased by 60 percent regardless of the suspended solid concentrations

‘(Gammon, 1970), Similar -effects have been réported_downstream from an afea
which was intensively logged. Majdr increases in.stream suspended solids

(25 ppm turbidity upstream vs. 390 ppm .downstream) caused smothering of bottom
invertebrates reducing -organism density to on1y77.3 per square foot versus
25.5 per square foot upstream (Tebo, 1955).

When settleable solids block gravel spawning beds which contain eqygs,
high mortalities result although there is evidence that some species of salmonids
will not spawn in such areas (EIFAC, 1965).

It has been postulated that silt attached to the eggs prevents sufficient -
exchange of oxygen and carbon dioxide between the egg and the overlying water,
The important variables are particle size,'stream velocity and degree of turbilence
(EIFAC, 1965),

Depesition of organic materials to the bottom sediments can cause imbalances
Tn stream biota by increasing bottom animal density, pefncipally worm populations,
and diversity is reduced as pollution sensitive forms disappear (Mackenthun,
1973). A1gaé Tikewise fluorish in such nutrient rich areas although forms

may become less desirable (Tarzwell and Gaufin, 1953).
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Plankton and inorganic suspended materials reduce Tight penetration into the
water body reducing the depth of the photic zone. This reduces primary

production and decreases figh food. The NAS committee recommended that the depth

of Tight penetration not be reduced by more than 10 percent (NAS, 1974). Additionally,

the near surface waters are heated because of the greater heat absorbency of the
particulate material which tends to stabilize the water column and prevents
vertical mixing (NAS, 1974). Such mixing reductions decrease the dispersion of

dissolved 0xygen and nutrients to Tower portions of the water body.

One partially offsetting benefit.of suspended inorganic material in water

is the sorption of organic materig]s such as pesticides. Following this sorption
' ﬁrocess subsequeﬁt sedimehtation may remove these materials frdm the water column 1nto
" the sediments fﬁAS, 1974).

Identifiable effects of suspended solids on irrigation use of water 1nclud¢

the formation of crusts on top of the soil which inhibits water infiltration,
plant emergence and impedes soil ;er&tion; thé'formation of films on plant leaves
which blocks suntight ‘and Tmpedes photosynthesis and which may reduge the '
marketdb111ty of some leafy crops like lettuce;rand finally the adverse effect on

irrigation reservoir capacity, de11ﬁery canals and other distribution equipment
(NAS, 1974), '

The ¢criteria for freshwater fish'and other aquatic life is essentially

that proposed by the N.A.S. and the Great Lakes Water Mualite Boar.
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SULFIDE - HYDROGEN SULFIDE

CRITERINN :

2 ug/1 undissdciated st for
fish and other aquatic life.'fresh

and marine water

INTRODUCTION :

Hydrogen su1f1dé.15 a soluh}q hiqhly poisonqqg_qa590ns' 
compound havinq-the characterisfic odor
of rotten eqas, It ié detectable in ajr bv humans at a
dilution of 0,002 ppm; it wi11'd1ssn1ve'1n water at 4000
mg/1 at 209C and one atmosphere.of pressure._Hydrqgen su1fide_-
biologically fs an active compound that is found primarily a§
an anaerohic degradation product of hoth organic-sﬁ]fur
compounds and-inorgénic sulfates, ‘Sul fides aré constituents
of many industrial wastés such as those fram tanneries, paper mills,
chemical piants'aﬁd qas wo;ks. The anaérob1c decomnosftion‘
of sewaqe, s]udqérheds, é?gae and other natura]ﬂy'- |
deposited hrganic materia1 {s a major source of-h}dragen_

suifide,

tthen soluble sulfides are added to watef thev react

with hvdroqgen fons to form HS “or HZS, the proportion of each
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depending on tﬁe pH. The toxicity of sulfides derives

primar1iy from P rather than from the nydrosulfide (HE™). o

sulfide ($%) ions. When hydrogen sulfide dissolves in water it

disaxﬁab&;auxxﬁinq UJthe.ﬂﬁmiicnéz- .
HaS=2HS™ 4+ fi% and HE—2 = + Kt
' At pH 9 ahout 99 percant of the su1f1d9 is in the form

of FS, at pH 7 the sulfide 1is equa1lv d1v1ded hetween HS and

HoS and at pil § about 99 percent of the 5u1f1de_is present

as HpS (HAS'1974). The fact that HyS fs oxidized in well-

aerated water by natural bioioqicél systems to sulfatps'br

is biOIOglcally oxidized to elampntn1 anlfur has caused
investigators to minimize the toxie effects of HayS on fish

and other aquatic Iife._

RATIONALE:

The degree of‘hﬁiérd-exhihitedfﬁ?Lsulfidé to aquatic
animal 1ife is deﬁendent 6n the,teﬁnerature,-nH and
dissolved oxygen. At Tower'pH values a areater proportion
is in the form of the toxic undissociated H,S.  In winter
when the pH {s neutral or below or when dissolved

oxyqen levels are Tow but not lethal to fish.the hazard from

sul fides is exacerbated. Fish exhi{hit a strong avoidance

‘reaction to sulfide. Based on data from experiments with

the stickleback, Jones (1964) hypothesized that 1f figh
' Lpf
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encounter a lethal concentration of sulfide there is a

reasonable chance théy will be repelled by it before;they_

* TI’ L N

are harmed. This of course assumes that an escane routée is

open.

a

.

Many past data on the.toxicity of hydroqeh,su1fide to
fish and other aquatic 11ife have been based on extremelw _
short exposure perfods, Consequently these early data have indicated that
concentrations between 0.3 and 0.4 mg/T-perﬁft.fish to survive:
(Van Horn 1958, Boon and Follis 1967, Theede gi_gl,;.}QGQ)i Recent
long-term data, both in field situations and unqér coﬁtro]ng laboratory

condﬁtions,'demonstfate hydrogen sulfide toxicify at Tower concentrations.

Colby and Smith (1967) found that concentrations a; 
high as 0.7 mg/1 existed within 20 mm of the bottdm'of g
sludge beds, and the levels of .1 to 0.02 mqg/) were common .
within the first 20 mm of water above this 1ayer...Wa1Ieye,

Stizostedion vitreumJ engs held in trays in thfs zone did

not hatch, Adelman and Smith (1970} repnorted that the

hatchabiiity of northern pike, Esox lucius eons was

}
substantially reduced at 25 ug/l Ha3; at 47 B

iy

uqg/1 mortality was aimost complete. Horthern pike frv had

Lz
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96-hour LCs5g values that varied from 17 to 32 ug/t at

normal oxygen levels of 6.0 mg/f. The highest concentration
of hydrogen sulfide that had no observable effeét on eggs
and fry was 14 and 4 ug/T,respectivejy, Smith and Oseid
(1972), working on eggs, fry and juveniles of walleyes and

white suckers, Catostomus commerseni , and Smith (1971),

working on walleyes and fathead minnows, Pimephales promelas ,

found that safe Tevels varied from 2.9 ug/1 to 12 ug/1 with
egqgs bein§ the least sensitive and Juveniles being the most

sensitive in short-term tests, 1In 96-hour b'i-oassays9 fathead

minnows and go]dfish, Carassius auratus) varied great]y in
tolerance to hydrogen sulfide with changes in temperature. They
were more tolerant at low temperatures (6 to 10° €). Holland,

et al. (1960) reported that_I.Olmg/T su1ffde7;ausedr1qo percant -

mortality in 72 hours with Pacific salmon.

On the basis of chronic tests evaluating growth and survival,

the safe HpS level for bluegill, ‘Lepom!s macrochirus, juveniles

and adults was 2.69/1 Egg depositfon in bluegills was reduced
after 46 days in 1.4 ug/1 H,S (Smith and Oseid, 1974). White
sucker eggs were hatched at 15 ug/I. but Juven11es showed
growth reductions at 1 ug/1 Safe 1eveis for fathead minnows
were between 2 and 3 ug/1, Studies showed that-safe 1eVe1s for

Gammarus pseudolimnaeus. and Hexagen1a limbata were 2 and 15 ug/1

respectively (Oseid and Smith, 1974a, 1974b). Some species

typical of normally stressed habitats, Ase]lus spp., were

-much more re51stant (Oseid and Smith. 197¢c)

L3
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Sulfide criteria for domestic or livestock use have not
been established because the unpleasant odor and taste would

preclude such use at hazardous concentrations.

It is recognized that the hazard from hydrogen'su1f1de to
aquatic 1ife is often localized and transient. Available -
data indicate that water containing concentrations of 2.0 ug/]

undissocfated HpS would mot be hazardous to most fish and

“other aquatic wildlife, but concentrations in excess of 2.0 ug/1

would constitute a long-term hazard.

414
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TAINTING SUBSTANCES

CRITERION:

Materials should not be present in cancentraticnsg that

individually or in cambination produce undesirable flavors

which are detectable by crganoleptic tests performed on the

edible portions of aquatic organisms.
RATIONALE: |

Fish or shellfish with abnormal flavors, colors, tastes or odors are

either not marketable or will result in consumer complaints and possible rejection
of the food source even though subsequent Tots of organisms may be acceptable.
Poor product.quaiity can and has seriously affected or eliminated the commercial
fishing industry in some areas. Recreational fishing also can be affected
adversely by off-flavored fish. For the majority of sport fishermen, the
consumption of their catch 15 part of their recreation and off—fjavored catches -

can result in diversion of the sportsmen to other water bodies. This can

have serious economic impact on the established recreation industries such as.

- tackle and bait sales and boat and cottage rental.

Water Quality Criteria, 1972 (NAS, 1974) lists a mmber of |
wastewaters and chemical. compounds that hdave been found to-lower the palatability

of fish flesh. Imp]icitéd waéfewaters 1hc1uded those from 2,4-D manufacturing

~ plants, kraft and neutral sulfite pulping processes, municipal wastewater treat-

‘ment plants, oily wastes, refinery wastes, phenolic wastes, and wastes from
) ?

slaughterhouses. The 1ist of implicated chemical compounds is long; it includes
cresol and phenol compounds, kerosene, naphthol, styrene, teluene, and exhaust

outboard motor fuel. As 1ittle as 0.1 ug/1 o-chlorophenol was reported to cause

tainting of fish flesh.

Shumway and Palensky {1973) deteindned‘estimated threshold concentrations for

417
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twenty~two organic compounds. The values ranged from 0.4 ug/1 (2,4-dichlorophenol) .
to 95,000 ug/l (formaldehyde). an additional twelve compounds were tested, seven of \\"’/?._
which were not found to impair flavor at or near lethal levels. | '
Thomas (1973) reviewed the 1iterature on tainting substances and_]isted
serious problems that have occurred; he detailed studies and methodology used in .
the evaluation of the palatability of fishes fn the Ohio RiVer.as affected by
various waste discharges. The susceptibility of fishes to the accumu1§t1on
of tainting substances is variable and dependent upon the species, length of
exposure, and-fhe pollutant. As 1ittle as & ug/l'of gasoline can 1mpar£ off-'
flavors to fish (Boyle, 1967). | )

His .
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TEMPERATURE
CRITERIA

Freshwater Aguatic Life

For any time of year, there are two upper ]imiting'temperatufeé.for
a Tocation (based on the important sensitive species found there at
that time):

1. One Timit consists of a maximum temperature for short exposures
that is time dependent and is given by the species-specific equation:

Temperature ={1/ {(1og time - J -a) - 20
_ (€0) ( 9 10 [ {min

where: 10910 = logarithm to base 10, (common logarithm)

a = intercept on the "y" or logarithmic axis of
the Tine fitted to experimental data and which
is available from Appendix II-C, NAS, 1974 for
some species. _ - '

b = slope of the 1ine fitted to experimental data and
available from Appendix IT-C, NAS, 1974 for some

- species.

and
2. The second value is a 1imit on the weekly average temperature that:

a. in the copler months (mid-October to mid-April in the north
and December to February in the south) will protect against
mortality of important species if the elevated plume temperature
is suddenly dropped to the ambient temperature, with the 1imit
being the acclimation temperature minus 2°C when the lower lethal
threshold temperature equals the ambient water temperature (in
some regions this limitation may also be applicable in summer).

or

b. In the warmer months (April through October in the north and
March through November in the south) is determined by adding
to the physiological optimum temperature (usually for growth)
a factor calcuiated as one-third of the difference between
the ultimate upper incipient lethal temperature and the
optimum temperature for the most sensitive important species.
(and appropriate 1ife state) that normally is found at that
location and time.
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or

or

¢. During reprcductive seasons (generally April through June
and September through Cetober in the north and March through
M@y and October through November in the south) the limit is
that temperature that meets site-specific requirements fop
Successful migration, spawnlng, egg incubation, fry rearing,
and other repreductive functions of important species.
These local requirements should supersede all other require-
ments when they are applicable.

d. There is a siti—specific 1imit that 13 found necessary to
preserve normal species diversit or e ‘
of nuisance organisms. Y Prevent appearance

JMarine Aquatic Life

In order to assure protection of the characteristic indigenous
marine community of a water bedy segment from adverse thermal effects:

a) the meximum acceptable increase.in the weekly average
temperature due to artificial sources is 1° ¢ (1.8° F)
durlng all seasons of the year, providing the summer

o maxims are not exceeded; and :

b) daily temperature cycles characteristic of the water body
segment should not be altered in either amplitude or
frequency. -

Surmer thermal maxima; which define fhe upper thermal limits for the
communities of the discharge area, should be established on a site-
specific basis. Existing studies suggest the following regional limits:

" Shert~term Masrdmum

Maximum . True Dally Mean#®

Sub-tropical Regions (south of © - 32.2° C (90° F)  '29.49¢ (85°F)
--Cape Canaveral ard Tampa Bay, =~ = - '
Florida, ‘and Hawaii =~

Cape Hattéras, N.C;,zto

1.32.2°.C (90° F) - 29.4° C (85°°F)
Cape Canaveral, Fla. _ ' _

lorg Islard (south shore)

30.6° C (87° F) .. 27.8° C (82° )
to Cape Hatteras, N.C._ o o L

(* True Daily Mean = average of 24 hourly temperature reading ..)

,'q_g,l
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Baseline thermal conditions should be measured at a site where there is
no winatural thermal addition from any scurce, which -is-in. reascnable

- proximity to the thermal discharge (within 5 miles) and which has similar
hydrography to that of the recgiving waters at the discharge.

“ .ﬂw» o

INTRODUCTION

The uses of water by man in and out of 1ts natural situs in the envirorment
are affected by its temperature. Offstream damestic uses and instream recreation
are both partlally témperature dependent. Likewlse, the 1ife associated with
the aquatic envirorment in any location has 1ts species composltion and activity
regulated by water temperature. Since essentially all of these organisms are
so called “cold_blooded" or polkilotherms, the temperature of the water repulates
their metabolism and ability to survive and reproduce effectively. Industrilal
uses for process water and for cooling is llkewlise réguiated by the water's
temperature., Temperature, therefore, is an importaﬂt'physicél parameter which .
to some extent regulates many of the beneficilal uses of water. To quote from |
the FWPCA (1967), "Temperature, a catalyst, a depressant, an activator, a
restrictor, a stlmulator, a controller, a killer, 1s one of the most impoftant :

and most influentlal water quality characteristics to 1life in water."

RATIONALE

The sultabllity of water for total body immersion'is greatly affected by
temperature. In temperate climates, dangers from exposure to low temperatures is
more prevalent than exposure to elevated water temperatures. Depending on the
amount of activity by the swimmer, comfortable temperatures range from 20°C
to 30°C. - Short durations of lower and higher temperatures can be tolerated by
most Individuals. TFor example, for a 30-minute period, temperatures
of' 10°C or 35°C can be tolerated without harm by most individuals (NAS, 197M).
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'fenmerature also affects the self-purification phenomenon in water bodies
and therefcre the aesthetic and sanitary qualities that exist. Increzsed
temperatures accelerate the biodegradation of organic material both in the over-
lying water and in bottom deposits which make3 increased demands on the dissolved
OXygen resources of a gilven system. The typical situation is exzcerbated by the

fact that oxygen becomes less soluble as water temperature increases. Thus,

greater demands are exerted on an increasingly scarce rescurce which
may lead to total oxygen depletion and obnoxious septic conditions. These

effects have been described by Phelps (1544), Camp (1963), and Velg (1970).

Indicator enteric bacteria, and presumably enteric pathogens, are like-
viise affected by temperature. It has eeen-shown that both_totel'end Fecal
coliform bacteria die awayrmore rapidly'in the enviromment with increasing
temperatures (Ballentine and Kittrell, 1968).

Temperature effects have been shown for water treatment processes. Iower

temperatures reduce the effectiveness of coagulation with alum and subsequent

'rapid sand:filtration, Ih;one,study, difficulty'was especially pronounced Eelow

5°C (Hannah, et al., 1967)." Decreased ﬁehperatufe alsojdeereases the effect-
iveness of cﬁlorination._;éesed en'Studiee}reletiﬁgﬁchlofine dosage ‘to |
tempefature, and wiﬁh e‘BO-minute contaet.time3.dosages required for equivalent
disinfective effect increased by as much:asla feefor of 3 when temperetures
were decreased from 20°'C-ﬁ0'i05 C'(Reid ahd Cerlson, 19745" Increased
temperature may increase the odor of water because of the increased volatllety
of odor-causing cowoounds (Burnson, 1938) Odor problems associated with

plankton may also be aggravated. _
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The effects of temperature on aquatic organisms have been the subject of
several comprehensive literature reviews (Brstt, 1956; Fry, 1967; FWPCA, 196T;
Kiﬁne, 1570) and arrmal literature reviews published by the Water Pollution
Contrel Federation (Coutant, 1968, 1969, i970, 1971; Coutant ard Goodyear,
18725 Coutant and Pfuderer, 1973, 197%4). Only highlights from the thermal
effecﬁs on aquatic life are presented here.

Temperature changes in water bodles can alter the existing aquatic -
community. The dominance of varlous phytoplankton groups iﬁ specific temperature
ranges has been shown. For example, from 20°C to 25°C, diatoms
predominated; green algae predaninate& from 30°C to 35°C; ard blue—greens
predeminated above 35°C (Cairns, 1956, Likewise, changes from a
cold water fishery to a warm wzter fiéheiy can occuszecauSe'temperatufe mzy
be directly lethal to adults or fry; _cai;se a reduction of activity; or
limit reproducticn  (Prett, 1960).

Upper and lower 1limits for temperature have been establlished for
many aquatic organisms. Considerably more data exlst for upper as dpposed
to lower limits. Tabulations of lethal temperatures for fish and other
organisms are available (Jones, 1964: FWPCA, 1967; NAS, 1974). Factors
such as dlet, activity, age, general health, osmotic stress, and even weather
contribute.to the lethality of temperature. The aguatle specles, thermal
acclimation state and exposure time are considered the qritical factors
{Parker and Krenkel, 1969).

The effects of sublethal temperatures on metabolism, respiration, behavior,
distributioh and migration, feeding rate, growth and reproduction have been
sumarized by De Sylva (1969). Another study has 1llustrated that inside the

tolerance zone there is encompassed a more restrictive temperature range in

T



o

which normal activity and growth occur; and yet an even more restrictive-
zore inside that in which normal reproduction will occur (Brett, 1960).

De Sylva (1969) has summarized available data on the carbined effects
of increased temperature and toxle materials on fish. The avallakle data
irdicate that toxicity generally increéses wlth increased temperature and
that organisms subjected to stress from toxic materials are less tolerant
of temperature extreames.

The tolerance of organisms to extremes of temperature is a function of
their genetic ability to adapt to thermal changes within their charactertistic
temperature range, the acciimation temperature pricor to éxposure, and the time
of exposure to the elevated temperature (Coutant, 1972). The upper incipient

lethal temperature or the highest temperature that 50% of a sample of

organisms can survive is determined on the organism at the highest sustainable

acclimation temperature. The lowest temperature that 50% of the warm
acclimated organisms can swrvive in is the ultimate lower incipient lethal
temperature. True acclimation to changing temperatures requires several

days (Brett, 1941). The lower end of the fémperature accommodation range for

. aquatic ]1fe is 0°C in fresh water and sumewhat ]ess for ‘saline waters. However,.

organisms ‘acclimated to reTat1ve1y warm water when subjected to reduced

temperatures which under other cond1t10ns of acc]1mat1on wou]d hot be
detrimental, may suffer a significant morta]1ty due to thermaT shock
(Coutant, 1972), ' -

Through the natural changes in c¢limatic coﬁditions, the temberatures' 
of water bodies fluctuate daily, as well as seasonally., These changés
do not é]iminate indigenous équatic populations; but affecﬁ“therexisting

community structure and the geograph1ca] d1str1but1on of. spec1es . Such

'temperature changes are necessary to 1nduce the reproduct1ve cycles of

aquatic organisms and to reguTate other 1ife factors (Mount, 1969).
Lf_ZS/
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Artifically Induced changes such as the return of cooling water or

‘the release of cool hypolimnetic waters from impoundments may alter indigenous

aquatic ecosystems (Coutant, 1972). Entrained organisms may be damaged by
temperature increases across cooling water condensers if the increase is
sufficiently great or the exposuré period sufficiently long. Impingement upon

condenser screens, chlorination for slime control or other physical insults

ldamage aquatic 1ife (Raney, 1969; Patrick, 1969 (b)).. However, Patrick

(1969{a)) has shown that algae passing tHrough condensers are not injufed

if the temperature of the outflowing water does not exceed 34°C to 34.5°C

In open waters elevated temperatures may affect periphyton, benthie
Invertebrates, and fish in addition to causing shifts in algal predaninancé.
Trembley (1960) studied the Delaware River downstream from a power plant and
conclﬁded that the periphyton population was considérably altered by the
discharge.

The number and dlstribution of bottom organlsms decrease as water temperatures

increase. The upper tolerance limit for a balanced benthic population structure

is approximately 32°C. A large number of these invertebrate species are able

to tolerate higher temperatures than those required for reproduction (FWPCA, 1967).

In order to define criteria for fresh waters, Coutant (1972) cited the
followlng as burréntly:defineable*requirements:
M. Maxlmum sustained temperatures that are consistent with
maintaining desirable levels of productivity;
2. Maximum levels of metabolic acclimation to warm temperatures
that will permit retwn to ambient winter temperatures should

artificial sources cf heat cease,

Loz
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3. Time dependent temperature limitations for survival of
brief exposures to temperature extremes, both upper ard

lower,

4. Restricted temperature ranges for various states of reproduction
including for fish) gametogenesis, spawning migration, release of
gametes, development of the embryo, commencement of independent
feeding (and other activities) by Juveniles, and temperatures
required for metamorphosis, emergeﬁce or other activities
of lower forms,

5. Thermal limits for diverse species compositions of aquatic
comunities, particularly‘whére reductlon in diversity
créates nulsance growths of certain organisms, or whére
important food sources (food chains) are altered,

6. Thermal requirements of downstream aguatic life (in privers)
where upstream diminution of a cold water resource will

adversely affect downstream'temperature requirements."

The major portion of sucﬁ Informaticn that is available, however, is
for freshwater fish species rafher than Tower forms or marine-aquatic 1ife.
The tenperature—time duration for short tenn exposures such that
50 percent of a given population will survive an extreme temperature frequently

is expressed mathematically by fitting experimental data with.a straight line

1 on a semi-logarithmic plot with time on ‘the 1ogar1thm1c sca]e and temperature

on the linear sca!e (See Fig. @). In eNuat1on form this 30 percent

nortality relationship is:

627
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log1o{time (minytes)) = & + b (Temperature(opy)
where: logjy = logaritim to base 10 (common logarithm}
a = intercept on the "y" or logarithmlc axis of
the line fitted to experimenta) data and whieh
is available from Appendix II-C, NAS, 1974
for some species.

b = siope of the line fitted to exverimental data and
which is available from Appendix II-C, WAS. 1974

for some species.

Tb provide a safety factor so that none or orly a few organisms will perish,

1t has been found experdmentally that a eriterion of 2° C below maximum .temperature

is usually sufficient (Blaék, 1953). To providé safety for all the organisms,

the temperature causing a median mortélity3for 50 percent of tﬁe populatlon would
be calculated  and reduced by 2° C in the case of an elévated temperature. Available

scientific infonnatioh includes upper and.lower_incipient lethal temperatures,

coefficients "a" and "b" for the thermal resistance equétion, and Information

on size, life stage, and geographic source of the particular test specles

(Appendix 1I-C, NAS, 1974)

Maximum temperatures for an extensive exposure (e.g., more than 1 week)

must be divided into those for warmer periods and winter. Other than

for reproduction, the most temperature-sensitive life function appears to be

growth (Coutant, 1972). Coutant (1972) has suggested that a satisfactory

estimate of a limiting maximm weékly mean temperature* 1s an average of the

optimum temperature for growth and the temperature for zero net growth.

¥ maximum weekly mean temperature - true mean temperature for a calendar
week which 15 .a hipgher value than for any other week. Can be deterwiined
from continuous measurements, hourly determinations, or some other nen-
bilased statistical method of analyzlng temperature data.
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TIME TO 50% MORTALITY--MINUTES

AFTER BRETT 1982

Figure 1. MEDIAN RESISTANCE TIMES TO HIGH TEMPERATURES AMONG YOUNG CHINOGOK - _

@ncorhynchus tshawytscha) - ACCLIMATED TO TEMPERATURES INDICATED. LINE A8
DENOTES RISING LETHAL THRESHOLD (incipienit lethal temperatures) WITH INCREASING
- ACCLIMATION TEMPERATURE. THIS RISE.EVENTUALLY CEASES AT THE ULTIMATE

LETHAL THRESHOLD {ultimate upper incipient lethal temparature),” LINE B-C.
{TAKEN FROM NAS, 1974} .
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Because of the difficulty in determining the temperature of zero net growth,
essentially the same temperature can be derived by 'adding to the optimum
temperature (for growth or other physiological functions) a facfor calculated as
1/3 of the difference between the ultimate upper incipient 1etha1 temperature

and the optimum temperature (NAS, 1974). In equatfbn-fprm:

Maximum weekly (ultimate upper - optimum )

average = optimum + 1/3 {incipient lethal - temperature)
temperature temperature _ {temperature

Since temperature tolerance varies with various states of development of a
particular species, :the criterion-fof érparticular location would be cé1cu1ated
for the most important 1ife form 1iké1y to be present during a marticular
month. One caveat in using the maximum weékTy mean témperature is thaf the
1imit for short-term exposure must not be.exceeded.‘ Example §a1tulétions

for predicting the summer maximum temperatures for short-term survival and for
extensive exposure for various fish species are presented in Table'%é. These
calculations use the above egquations and data from ERL-Duluth, 1976.

The winter maximum temperature must not exceed the ambient water temperature
by more than the amount of change a specimen acclimated to the plume temperature
can tolerate. Such a change could accur by a cessation of the source of heat or
by the specimen being drivggﬁfrom an area by addition of biocides or other
factors. However, there‘éré.inadequate data to estimate a safety factor
for the "no stress" level from cold shocks (NAS, 1974). Figure. was
developed from available data in the literature (ERL-Duluth, 1976) and can
be used for estimating allowable winter temperature increases.

Coutant (1972) has reviewed the effects of temperature on aquatic life
reproduction and development. Reproductive events are noted as perhaps

the most thermally restricted of all 1ife phases assuming other factors are at or

H 30

-



e

e WA, 4

Example Calculated Values for
Maximum Weekly Average Temperatures for Growth and Short-Term
Maxima for Survival for Juveniles and
Adults During the Summer
(Centigrade and Fahrenheit)

Species Growth Mecima®
Atlantic Salmon 20 (68) 23 (73
Bigmouth Buffalo ’ - . -
Black Crappie 27 (81) -
‘Bluegill 32 (90) 35 {95)
Brook Trout 19 (66) 24 (75)
Carp - -
Chamnel Catfish 32 (90) 35 (95)
Coho Salmon . 18 (&4 . 28 (75)
Emerald Shiner 30  (86) - .

. Freshwater Drum - -
Iake Herring (Clsco) 17 (63)° 25 (1)
Largemouth Bass _ 32 (90) 34 (93)
Northert1 Plke 28 (82) 30 {86}
Ralnbow Trout : 19  (66) 24 (753
Sauger _ 25 (TN -
Smallmouth Bass 29 (84) S-
Smallimouth Buffalo - ' -
Sockeye Salmen 18  (64) 2 (72)

Striped Bass - -
Threadfin Shad - -

White Bass - -
White Crappie 28 (82) -
Wnite Sucker . 28 (82)¢ . -
Yellow Perch ‘ 29 (84) . -

a - Calculated according to the equation (using optimum temperature for growth)

maximum weekly average temperature for growth = optimum temperature
*+1/3 (ultimate incipient lethal temp. - optimum temperature

"b - Based ¢n temperature (ocy = 1/b (Tagyg time(min. ) ~-a) - 29C, acci1mat1on

at the maximum weekly average temperature for summer growth, and data
in Append1x IT-C of Mater Quality Criteria, 1972 (NAS, 1973).

¢ - Based on data for larvae (ERL-Duluth, 1976),
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PERMISSIBLE PLUME TEMPERATURE

30(86]

25(11}

20{68)

15{39) }

10(50}

“WARMWATER
FISH SPECIES

Y

/7’

,” COLOWATER

5l41]LI R FISH SPECIES | R
0[32) 5(41) T10(50) 15(59)
- AHIIEHT TEWERAWRE |

FIGURE 2. GRAPK TO ESTIMATE THE MAXMUM WEEKLY AVERAGE TEHPERATUIIE
OF PLUMES FOR YARIOUS AMBIENT TEMPERATURES, °C (°F)




near optimun levels. Unnatural short-term temperature fluctuations appear
to cause reduced reproduction of fish and invertebrates. There are ine
adequate data availaple quantitating the most temperature-sensitive life
stages among various aquatic species. Uniform elevation of temperature a
few dégrees, but still within the spawning range may lead to advanced
Spawring for spring Spawning species and delays for fall spawnsrs. Such
changes may not be detrimental .unless asynchrony  occurs between newly hatched
Juveniles and their normal food source. Such asynchrony. ' may be most
pronounced among, anadromouSISpecies or other migrants who pass from the
warmed area to a normally chilled, unproductive area. Reported temperature .
data cn maximum temperatures for spawning and embryo survival have been

.sqmmarjzed.in Table "~ (from ERL-Duluth 1976).

Although tﬁe Timiting effects of thermal addition to estuarine and
.marine waters are’not as conSpicuous in the fall, winter and spring as during the
summer season of maximum heat stress, nonetheless crucial thermal limitations
do exist. Hence, it is important that the thermal additions to the receiving
waters be minimized during all seasons.of.the year._ Size of hérvestab]e
stocks of commehciA] fish and.she11fish, particularly near geographic limits
of the fishery, appear to be markedly influenced by slight changes in the
long-term temperature regime ‘(Dow, 1973).

Jefferies and:Johnson (1974) studied the relationship between temperature

and annual variation in 7-year catch data for winter flounder, Pseudopleuronectes
americanus, in Narragansett Bay, Rhode Island. A 78 percent decrease in annual
catch correlated closely with a.0.5%°C increase in the average temperature over

the 30-month period between spawning and recruitment into

433
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Summnary of Reported Values for
Maximum Weekly Average Temperature for Spawning and Short-Term
- Maxima for Embryo Survival During the Spawming Season
' (Centigrade and Fahrenheit)

‘.- aﬂ»nv-vmﬂ e
|

Embryo

Species : . Spawn - Survivalb
Atlantic 3almon 5 (41) 7 {45)
Bigrouth Suffalo 17  (63) 27 (Bl)
Black Crazpie _ - -
Bluezill : 25 (T 34 (93)
Brock Troil ' ' ' 9 (u8) - 13 (55)
Carp . 2 (o) 33 . (91)

. Charmel Tosiish 27  (81) 29 (84)
Cohe Sa_ron : : - 10 (50) 13 (55)
Bmerald Shiner _ 24 (7%9) 28 (82)c
Frestwater Drum o2y (70) 26 (79)
Lake Herring (Cisco) .3 (37 8 - (L6)
Largemouth Rass o2 (70) 27  (81)
Northern Pike 11 (52) 19 (66)
Rainbtow Trout 9 (48) 13 . (55)
Sauger o 10 (50) 21 (70)
Smallmouth Bass . 17 (63) .-
Smallmouth Buffzalo 17 (63) 21 (70)
Sockeye 2zimon 10 (50) . 13 (55)
Striped Bass 18 (64) 24 (75)
Threadfin Shad 18 (64) - 34 (93)
White Bass- 17 (63) 26 (79)
White Crapple 18 (64) 23 (73)
White Sucker 10 (50) 20 (68)

Yellow Perch 12 (68 20 (68)

a - the optimm or mean of the range of spawning temperatures reported
for the species (ERL-Duluth, 1976).

b o~ the upper temperature for successful incubatlon ard hatehing reported
for the species (ERL-Duluth, 1976).

C - upper temperature for spawning

L3y
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the fishery. Sissenwine's 1974 medel predicts a 68 percent reduction of

recruitment in yellowtail flounder, Limanda ferruginea, with a 1° ¢ lorz-

term elevation in southern New England waters,

Community balance can be influenced strongly by such temperature de-
pendent factors as rates of reproduction, recruitment ard growth of each
component population. A few degrees elevation in average monthly temperaturs
can appreciably alter a camunity through changes in inter-species relation-

ships. A 50 percent reduction in the soft-shell clam fishery in Maine by the

green crab, Carelnus maenus, 1llustrates how an inerease in winter temperatures
can establish new predator-prey relationships. Over a periocd of four years,
there was a natural amelioration of -temperature and the monthlj mean for

the coldes menth Qf €ach year did not fall below 2° C. .This apparently

prec]uded appreciable ice formation_and wintar ¢nld ki1l of the green crab

and permitted a major expansion of its popu;;;1on, with 1Q§reased predation
)

of the soft-shell clam resulting (&lude, - 3 Welch, - ).

Temperature,is'a primary factor controlling reproduction and can influence

' many events of the reproductive cycle from gametogenesis ‘to spawning. Among

~marine invertebrates, initiation of reproduction (gametogenesis) is often

triggered during late winter by attainment of a minimum environmental threshold

‘temperature. In some species, availability of adequate food is also a
requisite (Pearse,,1970;_5astky, 19755 deVlaming, 1971). Elevated temperature
can limit gametogenesis by preventing ac;ﬁmu]ation of nutrients in the

gonads.  This problem could be acﬁte during the winter if food availability

and feeding activity is reduced.  Most marine organisms spawn dur1ng the
spr1ng and summer;- gametogenesis is usually 1n1t1ated during the previous

fall. It should also be noted that there are some species which
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spawn only during the fall (herring}, while others,during the winter and

" very early sprihg; At the higher latitudes, winter breeders include such

~ estuarine community dominants as acorn barnacles, Balanus balanus,

and B. balanoides, the edible blue mussel Myti!us-éduiis,"séa urchin,

Strongylocentrotus drobachiensis , sculpin, and the winter f]oundér,;"

. L boRERL. ]
Pseudopleuronectes americanus . The two beread barnacles require temperatures

below 10°C before egg production will be initiated (Crisp, 1957). It is clear
that adaptations for reproduction exist which are dependent on temperature

conditions close to the natural cycle.

Juvenile and adult fish usually thermoregulate behavicrally by moving
to water having temperatures closest to thelr thermal preference. This
provides a thermal envircnment which approxiﬁatés'the optimal tembérature
for man§ physiclogical functions, including growth (Neill and Magnuéon, 1974).
As a consequence;’ fishes usually are attracted to heated water during the
fall, winter, and spring. Avoidancerwill occur as water temperature exceeds
the preferendun by 1 'to 3° C (Coutaht, 1575). This response precludes
problems of heat stress for juvenile and adult fishes during‘the summer,
but several potential problems exist during the éther seasons. The possi-
bility of cold shock and death of plume-entrained fish due to winter piant
shutdown is well recognized. Also, increased incildence of diseasé ard a
deterioration of physioclogical condition has been observed among plume-
entrained fishes; perhaps due to insufficient food (Massengill, 1573). A weight
toss of approximately 10% for each 1°C fise in water temperature has been observed
in fish when food is absent (Phillips et al., 1960} There may also be indirect
adverse effects on the indigenous ;ommunity due to increased predation

pressure if thermal addition leads to a concentration of fish which are
dependent on this community for their food.

is i ti i i i ntal temperature
Fish migration is often linked to natural environmenta I
cyelea. 1In early spring, fish employ temperature as their envirormental cue

to migrate northward (e.g., menhaden, Bluefisk) or ©o move inshore (winter
& FETA
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flounder), Likewise, water temperature strongly influences timing of
spawning runs of anadromous fish intc rivers (Leggett ard Wnitney, 1972).
In the autum, a number of Juvenile marine fishes ard shirimp are dependent
on a drop in_temperature to trigger their migfation from estuarine nursary
grounds for oceanic dispersal or southward migration (Tund and Maltezos,

1970; Talbot, 1966).

Thermal discharges should not alter diurnal and tidal temparature
variations normally experienced by marine communities, Lahoratory studies

show thermal tolerance to te enhanced when animals are maintained under g

_diurnally fluctuating temperature regime rather than at a constant temperature

91S
(Costlow and Bockhout, 1971; Furch, 1972; Hoss, et al., ). A daily
cyclic regime can be protectivé'additioﬁally as‘it reduceé'duration of

exposure to extreme temperatures (Pearce, 19693; Gonzalez, 1372).

Summeyr thermal maxima should be established to protect the various
marine communities within each biogeographic region. During the summer,
naturally elevated temperatures may Eé Oﬁaagfficient magnifude1to cause
-death or emigration (Chin, 1961; Glynnjﬂbaugﬁn;'19]8)_ This more commonly
occurs in tropical and wérm téﬁbérate zone_wa;ers, but has been
reported for enclosed b&yé-and?shal]ow waters in other regions as well
(Nichols, 1918). Summer heat stress also.can contribute to increased

incidence of disease or parasitism (Sinderman, 1965); reduce or block
sexual maturation (Thorhaug,_gi_gl., 1971; deVlaming, 1972); inhibit
or block embryonic cleavage of 1arva1-deve]opment.(Calabrese; 1969);

reduce feeding and growth of juveniles dnd aduTts {017a aﬁd Stﬁdhb]me, 1971);

W37
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result in increased predation (Gonzalez,-1972); and reduce brodﬁctivity.of
macroalgae and seagrasses (South and Hill, 1970;_Zieman, 1370). The general
cellings set forth here are derived from studies delineating liﬁiting tem-
peratures for the more therwéliy'éeﬁsitiﬁe sﬁeciés éffccnnmnities of a

biogeographic region.

Thermal effects data are presently ipsufficient to set genera1
temperature limits for a11 coésta1 biogeographic régions. The data
enumerated in the'Appéndix, plus any additiona]_data subsequently
generated, shou}d'be uti]ized to develop thermal 1imits which

specifically consider communities relevant to given water bodies.
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Apprendix

a_Summary of the Thermal Effects Literature for the United States

Estuarine _and Coastal Piota

Recommend2d marine thermal criteria are based on scientific
evaluation of available data. Representative thermal effects
data are summarized here for an array of ecologically diversa
marine organisms, grouped by biotic region. Since the summer
temperature regime can provide "worst case" thermal conditions,
studies dealing with warm-acclimated organisms arxe cited
primarily. Findings of sublethal effects studies ara listed
also. Twenty-four-hour TLm (médian tolerance limit} Adata have
been adjusted by subtracting 2,2°C to estimate fhe upper thermal
protection limit for the life history stage in question
{Mihursky, 1959). Reqognized biological variables such as recent
environmental histofy, putritional stafe, size, sex, and age have
been considered for all thermal effects investigations.

Likewise, contrasting methods.of study were considerad.

Normally, thermal effects data derived in one biotic region
should not he applied to another. Latitudinally separated
populations of widely distributed species may axhibir significant
genetic variability and ﬁsually have experisnced different,
recent environmental histories. Boundaries for regional ceilings
are demarcated by biogeographic provinces. Species composition

of the marine system, and most important, responses to elavat+ad

A
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temperature, are generally similar within a region. Boundaries
of a biotic province are characterized by significant thermal
discontinuities, Boundary.areas are maintained during summer or
winter due to combined forces of current, wind, and coastal
geomorphology._ On the east coast, Cape Canaveral, Fla.; Cape
Hatteras, North Carolina; and Cape Cogd, Massachusetts, represent

these boundaries, On the west coast, Point Conception in

‘'southern California marks the limit of warm and cold temperate

zones.

Boreal Zone, Atlantic Coast: This region extends from Cape

i s "

Cod, Mass., to the Gulf of Maine, Insufficient data are
available for setting regional temperature limits. Upper limits
should be determined on a case-by-case basis using best available

data for the site and its environs.

in the boreal region, maintenance of a general temperature
regime resembling natural conditions is particularly important
during winter months. Some bbreal species require peribds of
uninterrupted low water temperatures to tulfill environmental

requirements for successful maturation of sexual products,

'spaWning, and subsegquent egqg and larval survival., Winter

americanus, have an upper limit for

flounder, Pseudoplauronectes

spawning of 5.5°C (Bigelow and Schroeder, 1953). Spawning occurs

during the winter.
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Ten degrees centigrade is the uoper thermal limit for
Atlantic salmon, Salmo salar, smolt migration to the sea, which
normally occurs in June. Twelve degrees centigrade inhibits
maturation of sex broducts {DeCola, 1970} . Deavelopment of winter

flounder, Pseudopleuronectes americanus, eggs to hatching is

reduced 50 percent at 139C (Rogers, in press). Blood worm,

Glycera americana, spawning is induced when temperatures reach

13°C (Creaser, 1973)., Fifteen deqrees centigrade is the upper

limit for spawning Atlantic herring, Clupea harenqus, (Hela and

1962,

‘Laevastu, and of an amphipod, Pgammonx nobilis, {Scott,

1975). In Atlantic herring, there is above normal incidence of a

protozoan disease at 159C (Sinderman, 1965) and at 16°C, there is a prevalence

of erythrocyte degeneration (Sherbu:ne,'1973). Field mortality of

yellowtail flounder larvas, Limanda ferruginea, was cbserved at 17.8¢C

{(Colton, 1959). The protection limit for yeariing Atlantic

herring, Clupea harenqus, (#8-hr. TLm - 2.29C) is 19.0°C (Brawn,

1960). At 219C, embryonic development ceases in the amphipod,

Gammaxys duebeni, (Steele and Steele, 1969 . Above 21.29°cC,

pores are killed and growth is reduced in the macroalga,

chondrus crispus, which is éommercially harvested as. Irish moss

{Prince and Kiﬁqsbury,'1973}.

.£old Temperate Zone, Atlantic Coagg: Temperature ceilings
are‘particularly-critical in the soﬁtherﬁ portion of this region

(south shore of Long Island to Cape Hatteras, N.C.} where

enclosed sounds and 1ardeﬁcoastalsplain,bays and rivers are

.
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prevalent, Maximum temperatures should not exceed 30.6°C. Were
temperatures of 309C to persist for over & to 6 hours, N
appreciable stress or direct mortality would occur among juvenile

winter flounder, Psegudopleuronectes americanus; striped mullet

Rt

larvae, Mugil cephalus;

Atlantic silverside eggs and adults,

Menidia menidia; adult northern puffer, Sphaeroides maculatus;

adult blue mussel, Mytilus edulis; and adult soft shell clam, Mya =
arenaria. Specificg critical temperatures For these gspecies are

detailed in Table The adult protection limit (TLm - 2.29C)

is 28.8°C for sand shrimp, Crangon septemspinosa, and 30.8°C for
opossum shrimp, Neomysis americanus. ﬁoth are important foad
organisms for fish {Mihursky_and Kennedy, 1967). Respiration
rate is depressed above 30°C in the mole crab, (Edwards and
Irving, 1943). At 31.59¢C, there is 67 percent mortality in coot
clams when exposed for & hours (Kennedy, et al., 1§7uj.

P

A true da11y mean Timit of 27.8°¢C approximates the upper limit for 1arva1
growth of the coot clam {27.5°C; Calabrese, 1969). Between 289°C

and 30°C juvenile amphipods, Corgophium insgidio

um, leave their

tubes and thereby lose natual protection from predation
{Gonzelez, 19%@. Such elevated temperatures may also have
subtle sublethal effects, such as reducing feeding and growth.
In the quahaug, Mercenaria mercenaria, growth is optlmum at 20°c

{Ansell, 1968). Growth is inhibited above 28°C in a rock weed,

Ascophvllium nodosum, {South and Hill, 1970). Prolonged z

o
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COLD TEMPERATE ZONE, ATLANTIC COAST:
South of Long Island, N.Y. to Cape Hatteras, N.C.

SELECTED THERMAL REQUIREMENTS & LIMITiNG TEMPERATURE DATA

Specien: .

Seasonal Occurrenca

Belerence

, * ]
TABLE
E:ape:ntuf; !u“.t
30 86,0 . Avoidance response breakdown
(cm} ’
29,8 85.6  Behavior-reduced feading and
behavlor altered
9.4 B&.9 Survival-eggn (50I opr.!.nn!‘
: survivgl) . .
29,1 84.3  Survival-larvae {TlLa)
29.0 B4.2  Survival-adult pwstection
limit (TLa = 2.2°C)
29.0 84,2 Avoidance. reéponse
29.2 . 82.7 Survival-adult protectiog’
‘ Umit (TLm = 2,2°C) R
f; : ) 28,0 B2.k | - Survival-edult limte
27.'5 BL.5 Davelopment-upper limir
o larval developmeat -
26.9 80.%4  Survival-juvenile pro—~
tection limit (TLa - 2.2°C}
28,3 79.7 Avoidance response
6.0 78.8 Survival-adult
25.53 71.% Avoidance responae
4.9 76,7 Occurrence-mox Imum tom—
perature for occurrence
in Chesapeaks Bay )
4.6 76,2 Survival~-larvaa (Tla) .

FMerone saxatilis

7 Ttr iped Lass)

" Pomatomus saltatzix

(bluefish} -

" Menidia menidia

(Atlantic silvecraide)

Mugil cephalus
{striped mullet)

Sphacroides maculacus -
{Rorthern puffer}

Brevoortia tyrannusg
{Atlantic menhaden}

Henidin menfdfs
(atlantic silverside)

Mya srenaria

. {saft shell clam)

Mulimi¥s lateralfn-
{¢oor clam}

' Pseudopleuronectes americenus

{uirter flounder}

Cynoscinn regalie

(sca trout)

Mytilus edulis
(blue mussel)

Lefostonus xanthrue
(spot)

Urgnhvcic reauire
(spotted hake)

(Atlantic silvereide}

April;ﬂuvmber
May-October
Hay~-June
January-April .
{coastal waters}
'Jan;ury-ﬂecerlber
Aprll—O:tn?:er
April-—ﬁavembe:
Januurybne:enbe'r
ngcl.n-October
April-Decenber,
Mey-October
‘.J'nnua_.ry_—pc.nenbel’
Jgnua}y-nuccmber

Junvary-December

May=-Jone

Cift & Westman, 1971

oite,at 21 1969
Everich & Keves, 1973
"(unpublighed)

Cortenay & Roberts,
1973

Hoff & Westmen, 1966
Heldrim & GLft, 1971

Hoff & Weatmae, 1956

PEitrenreyer

{pers:conn)

- Calabrese, 1962

. Hoff & Westman, 1966

Gift & Westman, 1971
Ganzaler, 11972
Gift & Veotmgn, 1971

Baranx, 1972

Everich & Mevsa, 1973

" (unpubiished}

Compiled by ERL-Narragansett, 1976
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omotion is markedly reduced at 229C in the Jonﬂwcrab Cancer

loo
boreali at 28°C in Cancer irroratus (Jeffries, 1967). An

. ‘ﬂm”““.w.ﬂll

oyster pathogen, Democystidium marinum, readily proliferates

above 25°C (andrews, 1965} .

High temperature usually will elicit avoidance response in
fishes. Avoidance is triggered at 29°C in Atlantic menhaden,
Brevoortia tyrannus, and at 26.59C in sea trout, Cynoscion

o
egalis, (Meldrin and Gift, 1971). Breakdown of the avoidance

l"‘l

response in striped bass, Morone gaxatilis, occurs at 30°C (Gift:
and Westman, 1971). Maximum reported temperature for capture of

spotted hake, Urophycis regius, is 24.8°C in the Chesapeake Bay

{(Barans, 1972},

North of Long Island, a 1.0°C rise above summer ambient pro-

vides reasonable protection. For example, maximum short—te:m

temperatures in Narragansett Bay, Rhode TIsland, usually would not

exceed 23.4°C in August, judging from 15-year mean temperature
data for Fox Island . Larval Atlantic silverside, juvenile
wintpr flounder, and blue mussel should be protected by that
thermal limitation. The thermal protection limit (TLm - 2.29¢C)

1214
R

for juvenile winter flounder is 26.9°C (Gift and Westman,
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Repeated exposures to 25°C would stress the blue mussel,'lmgilus
edulis, by causing cessation of feeding (Gonzalez, 1972). Diurnal

summar, maxima exceeding 22°C can alter normal metabolic rates in

embryonic fautog, Tautosa onitis, (Laurence, 1973) and cause feeding
problems for adult winter flounder {0lla, 1969} and.the sand-collar

snail, . Polinices dﬁnlieatai (Hanks, 1953).

Optimum for summer development of the rock erab; Cancer
irroratus, and Jonah -crab, C. bdrealis, larvae 1s 20°C; at 25°C,
mortality precludes completion of larval development (Sastry and

Vargo, in press)._rBetween 15 and 20°C, activity of the amphipod,

pamﬁares oceanicus, is much reduced {Halcrow and Boyd, 1967). Ini-

tiation of spawning is often cued by temperature.‘ﬂlue.mussel spawning

occurs when spring temperatures reach 120C (Engle and Loosanoff, 1944).

A minimum of 10°C is required for their embryonic development

{(Brenko and Calebrese, 1969) and spawning occurs at 15°C. Peak

spawning runs of American shad; Alosa sapidissima , into rivers occurs
at 19.59C (15 year average, Connecticut River); downstream migration

of juveniles occurs as tEmberature falls below 15.59C (Leggett and

- Whitney, 1972) Henhaden nigrate at. 100¢ (Bigelow and Schroeder,

1953), striped bass, Morone saxatilis mlgrate into or leave rivers

at 6 to 7.5°C (Merriman, 1941) In the - fall and winter, ‘fishes cen-
grerate in discharge plumes which exceed these temperatures. These -
fishes exhibit increased incidence of disease and a general loss of

physiological condition (Mihursky, et aly 1970). Comeles)

warm Temgera‘e Zona, A ;gntlc and Gulf Coasts- This region

extends from Cape Ha*teras, N.C., to Cape Canaveral, Florida, and
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.on the Gulf Coast from Tampa, Florida, to Mexico. The

recommended reqlonal ceiling 13 a short-term maximum of 32.,29¢c .

eProlonged exposures to temperatures near thls 1evel would

adversely affect portions of ‘the biota. Atk33°C, bay.anchovy;

'ﬁggﬁgg mitchi;li, embryonlc development is reduced to 50 percent

" of optimum (Rsbel, 1973). The upper 11m1t for growth of juvenile

white shriﬁo, ggnaeus §gg£§g;g§,_is 32.5°C {Zein-Eldin and

Griffith, 1969]. A decline in field abundance of hrown shrimp,

‘Pepaeus aztecus, at temperatures above 309C was reported by chin

{1961).

Protection limits (50 percent of optimal sur#ival)_of two
sardines, Harengqula jggggngzaﬁo,gggeggg;g geggaco;ae, for ‘
development of the yolk sao'lafvel stage are 31.49C and 32.2°C,
respectively (Rebel, 1973; Sakensa, et g;.,.19?2). Larval
pinfish, Lagodon rhomboides, and spot, Leiostomus xanthurus,
exhibit a breakdown in avozdance response mechanlsms at 3l. 0°C

and 31, Joc, respect:.vely (Hoss, D.E., et al., 1974).

The protection limit (TLm - 2.2°C) for younq«of~the—year Atlantic

menhaden is 30.8°C (Lewis and Hettler, 1968). Upper‘limiﬁ for

adult growth of the ¢uahaug, Mercenarjia mercenaria, is 31lec

(Ansell, 1968).

Daily mean temperatures continually exceeding 29°C would

result in mortallty of strlped mxilet eggs, Mugil cephalus.
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Their 96-hour TLm is 26.4°C (Courtenay and Roberts, 1973). Egg

and yolk sac larval survival of sea bream, Archosarqus rhomboi-

dalis, is reduced to 50 percent of optimal at 29,19C, For

yellowfin menhaden, Brevoortia smithi, exposure to 29.8°C reduced

survival of egg and yolk sac larvae to 50 percent of optimal
{Rebel, 1973). Sublethal but potentially damaging ecoloqical'
effects could occur at levels well below 299C. For example, the
upper limit for optimal growth of post=larval brown shrimp,

Benaeus aztecus, is 27.5°C (Zein-Eldin and Alrich, 1965).

Developing embryos and fry of striped bass cannot tolerate 26.7°C
in fresh water {Shannon, 1969). This report may also apply to
fry in waters at rhe head of estuaries. This species spawns in
early spring.” Elevation of wintér.temperaturea-above 209C in St.

Jehns River, Florida, could interfere with upstream migration of .

hmerican shad, Alosa aapidissima, (Leggett and Whitney, 1972).

aSUb~ Tropical Reglons: Ceilings for sub-tropical reglons such as south

_ Florida {Cape Canaveral and Tampa southward), and Hawaii are an in-

atantaneous maximum 32.2°C and a true daily mean not exceeding 29.40C,
Ceilings for true tropical sites should he developed from studies of
indigenous populations of relevant oommunities.‘ Physiological variation
1n thermal adaptations and tolerances have been reported for coral be~-
tween sub-tropical (Hawaii '19-220 yat, ) and true tropical sites
(Eniwetok Atol Marshall Islands, 119 Lat.) (Jokiel, et al., in press)
Huoh of the following thermal effeots data represent southern
Florida or Hawaiian biota. -A review by Zleman and Wood (]975)
suggests that the thermal optimum 1s 26-28°C for tropical marine..
systems, with chronic exposure to temperatures betveen 28%¢ and
30°¢ causing heat stre557: Death of the bicta 1is readily dlscernlble

between 30°C and 320, Mayer (1914) recognized that mearshore

—_—
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tropical marine biota normally live at temperatures only a few
degrees below their upper lethal limit. 2a study of elevated
temperature effects on the benthic community in Biscayne Bay,

Florida, resulted in the following data (Roessler} 1974) 2

Temperature for High . Temperature for 50 .Percent

Phylum Spegies_Divergity (°C) Spegies Exclusion. {°C)
Molluses ‘ ' 6.7 " ' ' 31.u
Echinoderms 27.2 . 31.8
Coelenterates 25.9 - 29,5
Porifera 24,0 “_ : _‘ 31.2

Other thermal data for tropical biota include a 25.u4-27.8°C
optimum for fouling community larval settlement {Roessler, 1974):
259C optimum for larval development of Polvonyx gibbesi, a

‘commensal crab (Gore, 1968); 27°¢ for growth and gonad develop-

ment in sea urchins, Lytechipus variegatus, and for growth in a

snall, Cantharus tinctus, (Albertson, 1973): 27 to 28°C optimum

for larval development‘of‘pink shrimp, Pgnaeus dgo;a;gg,

{Thorhaug, et al., i97la}; and 30°C optium for turtle grass,

rhalassia testudipum, productivity (zieman, 1970). Kuthalingham
(1959} studied thermal tolerance Of newly hatched larvae of tén-
tropical marine fishes in the laboratory. When held at a series

of constant temperatures for 12 hours immediately following '
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hatch, optimal survival For all species fell between 289C to

309C, but +heir tolerance limit ranged from 309C +o 3200,

Thermal stress of the fouling cemmunity is seen in a 50 per-—
cenﬁ reduced settlement rate of larvae at 28°C [Roessler, 1974},
Fifty percent reduction in gonadal volume of the sea urchin,
Lytechinus variegatus;, occurs at 29.99¢ {Thorhaug, et al., 1971b}.

Irreversible plasmyolysis of the macroalga, Valonia vantricosa,

at 29.9°C and of Valonia macrophysa at temperatures above 29.79C

has been reported. survival of developing embryos to the yolk

sac larval stage was reduced to 50 percent of optimal at 29,1°C

among sea bream, Archosargus rhombojidalis. At 29.89C, vellowfin

menhaden, Brevoor+ia smithi, and at 31.s4°cC scaled sardines,

Harengula jaguana, suffer similar mortalities during early
development {Rebel, 1971). Temperaturses in excess of 31°C +o
33°C can interfere with embryonic development in six species
of‘manqrove—associated nematodes, even though adults can tolerate
an additional 20¢C to 7°C {Hopper, et al., 1973y . Upper limit for

larval {naupliar) metamorphosis in pink shrimp, Panaeus duorarum,

is 31.5°C (Thorhaug, et al., 1971b). Upper lethal temperatures
include 31 5%C for five species of Valonia (Thorhauq, 1570y ;
death in 3 to 8 hours for five Fawallan corals at 31-329C
{Edmondson, 19281 Joklel and Coles,-lQ?ﬂ). 32°9C Tlm {95-hour) for
the sea squirt, Ascidia nigra, and sea urchin, Lytechinus

variegatis, (Chesher, 1971y. Averaqge daily temperatures near 31°C
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for three to ten days result in decreased growth in seagrass,

Thallassia testudinum and red macroalgae, Laurencia poitei.
Between 32°C and 133°C; heaifﬁ'énd'abﬁ;dénée of these épecies
declines markedly-(Ththaug; lQ?l,A;S?B}.__Réplacehené of
seagrass is slow, especially if rhi;ohes'afejdamaqed due to
excessive consumption of:stdfed'starch during heat stress
{Zieman, 1970); Recover  §f::Q§;lg§§;§fbeds may take decades

1915

(Zieman and Wo0d, s..eerti=w} o

Pacific Coast: Fewer thermal efféctsfstudies_have been

conducted on West Coast Specigs. However, the concept of sea-
sonal resﬁrictions for temberature elevatiohs above ambient aré
well supported in several Fast Coast_pfovinbes and is deémed.
applicable to the West Coast as a genérai'biological principle.
Data are not sufficient to develop qeneral_regionai ceilinqs.
These must be determined on a case-by-case basis until general

principles emerge.

The Pacific Coast consists of two distinct bioqeographical
regions; the cold temperate province ranges northlfrom Point
Conception, california and the warm temperate region from Point
Conception southward. Published data should provide a general
indication of possible adverse effects of excessive thermal

discharge on indigenous species.
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Bacific Cold Temperate Zone: Some winter and Spring spawning
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pallasi, (McCauley and Hancock, 1971); 79¢C <o 8°C for F®nglish
sole, Parophrys vetulus, (Alderdice and Forrester, 1968); 13°C for

May and June spawning of razor clams, Siliqua patula, (McCauley

and Hancock, 1971): and 12°C to 14°C for native little neck

clams, Protothaca staminea., {Schink and Woelke, 19733}. Optimal

growth ocecurs at 10°C in the small filamentous red algae,

Antithamnion spp., (West, 1968), and 12°C to 16%¢ is optimal for

growth and reproduction of various red and brown algae, including

kelp, Macrocystis pvrifera, {(Druehl and Risiao, 1969 . Twelve to

16°C favors sea grasses, ﬁoste;g marina and Phyllospadix scouleri

{McRoy, 1970)}. Spawning migration of striped bass, Morone

saxatilis, occurs at 15°C to l18°cC {Albrecht, 1964); in American

shad, Alosa sapidissima, spawning runs occur at 16,0-19,.5°C

(Leggett & Whitnevy,1972). At Vﬁncouver Island, B.C.,

-distribution of a kelp, La_;narla ggxmlmtuca ;¢ 18 temperature

1nfluenced The long stlpe form is ‘not found above 139C; the
short stipe form does not occur above 17°C'. Tn the laboratory,
elevation of temperature to 139C p:bduces abnormal sporophytes.

(Druehl, 1967). Dungeness crab, Cancer magister, larval

development is optimal at 10 and 13.99C, survival is reduced at

17.89C, with no survival to megalops at 21 7°C (Reed, 1969). The

Upper thermal llmlt for razor clam embryonic and larval develop=-

ment is 17°C (Mccauley and Hancock, 1971). Upper growth limit

=
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for small filamentous red algae, Antithampion spg, is 13°C ({Wash,
1968). King salmon miqgration into the San .Joaquin River may bhe
delayed by estuarine temperatures in excess of 17.80C (Dunham,

1968} .

The sea grass, Phyllospadix sgouleri, bagins to die otf

(McRoy, 1870}, and the pea pod borer, Egtula fulcata; ceases +o’

develop at 20°C (Fox and Corcoran, 1957). Twenty degrees
centigrade also is the_upper limit for embryonic and larval

development of the summer-spawning horse clam, Tresus nuttalli,

and native little neck c¢lam, Protothaca stamipnea, {Schink and
Woelke, 1973}. Upper incipient lethal temperature tor the mysid

shrimp, Neomysis intermedia, is 21.7°C (Hair, 1971). This value

is corroborated by reports of a drop in field populations of this

important fish food organism above 22.20C in the San Joaquin

. estunary (Heubach, 1969}. Twenty-two degrees centigrade is the

upper tolerance limit for embryological development -of the wooly
sculpin, Clinocottus analis, (Hubbs, 1966). & four-hour exposure

to 230C results in significant mortality of the adult razor clam,

‘Siligua patula, {Woelke, 1971) and the sockeye salmon,

oncorhynchus nerka, (Brett and Alderdice, 1958). Striped hass,
]

Morone saxatilis, are believed to be stressed at temperatures

above 23.9°C (Dunham, 1968). Sexual maturation in_a gobiid -

fish, Gillicthys mirabilis, is blocked at high temperatures.

Bonadal regression hegins at 22°C in females; at 24°C in males.
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spawning in Pacific sardine, Sardinops

Gonadal recrudescence will not occur at 240C or above, regardless
of photoperiod (DeVlaming, 1972), The 36-hour TLm for red
abalone adults is 239C when acclimated to 159¢C; for the embryoes,
26°C, when exposed for 30 hours {Ebert, 1974}, Sea urchin,
Strongvlocentrotus purpuratus, upper tolerance limit is 23.56C
for adults (Gonor, 1968} ; 25°C is lethal to embryos and renders

adults limp and unresponsive after 4 hours {Farmanfarmaian and

Giese, 1963).

Pagific Warm Temperate Zone: The thermal threshold for

aerulea, is 139C (Marr,

.1962}, Reports of temperature'optiha for spawning include l5¢C

in a ctenophore, Pleurobrapchia bachei, (Hirota, 1973} : 16°C in

the spring spawning wooly ‘sculpin, Clingcottus analis, {Graham, .

1970); 17.59C for northern anchovy, Engraulig mordax: 199C for

opaleye fish, Girella niagricans, {Norris, 1963). Larval survival

is best at |§. to 189C in white aba10ne, Haliot;_ Sorenseni,

(Leighton, 1972).

Limiting effects of temperature include scarcity of the kelp

1sopod in the bheds above 17 8°c (Jones, 1971). Upper limit for

qgrowth in P;eurobranch;g bacng; is 179C; 20°C is the upper

tblerance limit for the adult ctenophore {Hirota, 1973). Tweﬁty
degrees centigrade alsoc causes limitéd sﬁrviva1 in recently

settled juvenile white abalone (Leighton, 1972). Limiting

il
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effects for wooly sculpin include the upper limit. of optimal
-~  growth at 21°C; at 229C, a 50 percent reduction in the successful
development of eggs; at 2U°C, . the upper limit for embryonic

developmant is reacha2d ({Hubbhs, 1966} . Sea Urchins,

Strongylocentrotus sp. are weakened or killed at 24°C to 25°C
(Leighton, 1971). At 25°C, partial osmoregqulatory failure occurs

in staghorn sculpin, Leptocottﬁé g;matus,'at 37.6 o/co (Morris,

1960). A maximum temperature of oceurrence of 25°C is reported
for top smelt, Atherinops affinis, by Doudoroff {1945} and

northern anchovy, FEnagraulis mordax, (Bakter, 1967)y. For

.topsmelt, the upper limit at which larvae hatch is 26.8°C (Hubbs,

1965) .

Natural summer temperatures are stressful to beds of giant

e o £ iz e

precludes any summer thermal discharge in the vicinity of these bads,
Deterioration of surface blades is evideﬁt from late June onward,

due in part to reduced photosynthesis {Clendenning, 1971).

Several weeks' exposure ©0 18.9°C is hgrmful to the beds (Jones,
1971y, while tempevratures over 20°C result in pronounced loss of

kEelp (North, 1964)y. Rrandt (1923) reported.ﬂﬁm there was some &)péﬁxmt
reduction of kelp harvest when the average temperature was

20.65°C and that a bacterial disease, black rot, thrives on kelp

at 18-20°C, One-day exposure to 22°C is quite harmful to

cultured gametophytes of giant kelp {North, 1972).
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CRITERIA:
5,000 ug/1 for domestic water supplies (welfare);
For frestwater aquatic 11fe, 0.01 of the 96-hour
L650 as determined through bicassay using a
sensitive resident specles.

INTRODUCTION:

Zinc usually is found in nature as the sulfide; it is often
associated with sulfides of other metals, especially lead, coppe
cadmium, and iron. Most other zinc minerals probably have been - :rme
as oxidation products of the sulfide; they reprasent only minor sourc.
of zinc. Nearly 3,000,000 short tons of recoverable zinc per year art
mined in the world; about 500,000 toﬁs of this come from the United
States.

Zinc (as metal) is used in galvanizing, i.e., coating (hot dipping
of various iron and steel surfaces with a thin layer of zinc to retard
corrosion of the coated metal. In'contact-with iron, zinc is oxidized
preferentially, thus protecting thé iron. The second most important use
of zinc, réachiﬁg.major proportions'in the last quarter century, is in
the preparation of él]oys for dye casting.  Zinc is used also in brass
and bronze alloys, slush ﬁanfngs (in the rolled or extruded state),
in the product1on of zinc oxide and other chem1ca1 products, and in

photoengrav1ng and pr1nt1ng plates.
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Kopp and Kroner (1967) report that in 1,207 positive tests for zinc on
samples from U.S. waterways, the maximum observed value was 1,183 ug/1

{Cuyahoga River at Cleveland, Ohio) and the mean was 64 ug/1. Dissolved zinc

was measured in over 76 percent of all water samples tested. The highest mean

zinc value, 205 ug/1, was found in the Lake Erie Basin, whereas the lowest
mean zinc value, 16 ug/1, was observed in the California Basin. In seawater,

zinc is found at a maximum concentration of about 10 ug/1.

RATIONALE:

Zinc is an essential and benef1§5a1 element in human metabolism
(vVallee, 1957). The daily requirement of pre#choo1-agedrchi1dren is
0.3 mg Zn/kg body weight. The dai]y.adult human. intake averages 0 to
15 mg/ zinc; deficiency in chi1dren 1éads to growth retardation. Com-
munity water supplies have contained 11 to 27 mg/1 without hamful effects
(Anderson, et al., 1934; Bartow and Weigle, 1932). However, in tests
performed by a taste panel, 5 percént of the observers were able té
distinguish between water containing 4 mg/1 zinc as ZnSO4, which had
a bitter or astringent taste, and water containing no zinc salts (Cohen,
et al., 1960). Because zinc in water produces undesirable aesthetic
effects, the concentration of zinc in domestic water supplies should

be below 5 mg/1 {5,000 ug/T).

The toxicity of zinc compounds to aquatic animals is modified by
several environmental factors, particulariy hardness,'disso1ved oxygen,
and temperature. Skidmore (1964), in undertaking a review of the

Titerature on the toxicity of zinc te fish, reported that salts of the
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alkaline-earth metals are antagonistic to the action of zing salts,

and salts of certain heavy metals are synergistic in soft water. Roth

an increase in temperature and a reduction in dissolved oxygen increaser
the toxicity of zinc. ‘Toxic concentrations of zinc compounds cause
adverse. changes in the morphology and physioiogy of fish., Acutely toxic
concentrations induce cellular breakdown of the gills, and possibiy

the clogging of the gills with mucous. Chronically toxic concentrations
of zinc compounds, in contrast, cause general enfeeblement and widespread
histological changes to many organs, but not to gills. Growth and

maturation are retarded.

Using dilution water with calcium of 1.7 mg/1 and magnesium of 1.0
mg/1, Affleck (1952) found a 54 percent mortality of rainbow trout fry -
in 28 days in a zinc concéntration of 10 ug/1. Piékering and Henderson

(1966) determined the 96-hour LCgy of zinc for fathead minnows, Pimegh;ies

promelas, and bluegills, Lepomis macrochirus, using static test conditions.
For fathead minnows in éoft water (20_mg/13 €aC03) the LC5g was 870 ug/1,
and in hard water (360 mg/1 , CaCQ3):it-was 33,000 ug/I. Bluegills were
more resistant in both waté?é! “Similarly, the'léfha1 threshold concen-
tration was 3 or 4 times: as high.for_cdarse f{shras for trout, Salvelinus

fontinalis, (Ball, 1967).

The 24-hour LCgq of zinc:for rainbgﬁ frout, Sa]mg gairdneri, was
reduced only 20 percent-when fhé fish were fdréed to-éwih-at 85 percent
of their maximum'sustained:swihming speed (Herbert and Shurben, 1964).
The maximum effect of a'réducfion in dissolved oxygen from 6 to 7 mg/1 to
2 mg/1 on the acute toxicity of zinc was a 50-percent increase (Lloyd,

1961; Cairns and Scheier, 1958; Pickering, 1968).
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The Atlantic salmon, Salmo salar, was tested in a 168-hour

K WP'NJ LRI
|

continuous-flow bioassay at 175 C in water with a total hardness of
14 mg/1 Cacos, The 1nc1p1ent ]etha] 1eve1, the level beyond which
the organism can no 1onger surv1ve, ‘Was.. 420 ug/] of z1nc (Sprague

and Ramsay, 1965).

Brungs {1968) found'that'in-water‘with a-total hardness of 200 mg/
CaC03, 180 ug/1 zine caused an 83 percent reduct1on in eggs produced by the

fathead minnow, Pimephales prome]as, in chron1c tests The tests tasted

10 months and the control test water conta1ned 30 ug/1 zinc. The'
96-hout continuous- flow TLm was determ1ned to be 9, 200 ug/1 zing.

A number of short term fish tox1c1ty data are detailed in Table ¥.
When referring to this table, the reader should cons1der the specles
tested, pH, alkalinity, and hardness éf alka11nity is not given {in most
natural waters alkalinfty para]le]s hardness). - In genera1 the‘salmonidas
are most sens1t1ve to e1ementa1 zinc in soft water; the rafnbow trout

Salmo gairdneri 1s*the most sens1t1ve in hard waters. The 1nf1uence of

the pH on solubility of zinc complexes, and the resulting toxicity of

zine, is clearly shown in the data presented on the fathead minnow,

Pimephales promelas. The influence of pH and other factors on the
solubility and form of the zinc preclude the recommendation of a

freshwater or marine criterfa based on acute toxicities alone.
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Wurtz (1962) performed bioassays on young pond snails, Physa

heterostropha, in waters with a total hardness of 100 mg/1 and

20 mg/1 CaCO3. In water with a temperature of 51° F, the soft water tests
resulted in a 96-hoyr LCsq of 303 ugll-zinc, whereas the 96-hour LCs0

in hard water was 434 ug/1 zinc. The L.Cgo of a zinc sulfate sotution

In dilution water with a total hardness of 44 mg/1 Cal0; for a

10-day test to a mayfly, Ephemerella subvaria, was 16,000 ug/1 (Warnick
and Bell, 1963). 1In such tests with several heévy metals, the immature

insects seem to be less sensitive than many fishes that have been tested.

The 48-hour LCsq furﬂaphnia magna 1n soft water with a hardpess of

45 mg/1 CaC0g and an alkalinity of 42 mg/1 has been fbund to be

100 ug/1; in 70 ug/1 zinc, there was alé peEcent reproductive impairment

in a 3-week chronic test (Biesinger and Christensen, 1972).

Toxicities of zinc n nutrient solutions have been demonstrated for
a number of plants. Hewitt (1948) found that zinc at 16 to 20 mg/1
produced iron'deficiencies_in sugar beets.  Hunter and Vergnano.(1953)
found toxicity to oats at 25 mg/l,' Mi]Tikan (1947) found that 2.5 mg/]
produced‘1r6n deficiency in oats. Early (1943) fpund that the Peking
variety of soybeans was ki11ed at‘0.4 mg/], whereas the Manchu variety

was killed at.];s mg/1 zinc.

Although few data are available on the effects of zinc in the marine

environment, it {s accumulated by some species, and maring animals contain

- zinc in the range of 6 to 1,500 mg/kg (NTAC, 1968). -As a goal, the

marine environment should be protected to the same level as the fresh

water environment.
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TADLE ¥%

The ucste towlcity (24~, 48—, 96~hr TL50 values} of zinc to several épecies of f£ish in water of Val"i.OU_S water qua]ities.

Exposure
time Exposure Temperature Concentrztion
Speclas Size Compound (hr) type (°cy _ (mg/1} pi Alkalinity Hardpess Reference
Brook . - " . -
trout 3.0 g Zn50y = 71,0 96 F1 14.8-15.5 1.38 Zn 7.3-7.7 - b2 Y45 (7)
(Salvelinus 3.9 g 2.09 In
foutinalis} 19.0 g 2.56 Zn
Brouok . : : .
troutl 3.0g Zn50y, - 7ii20 96 FT 14.8-15.5 5.50 Zn 7.3-7.7 - 100+10 ()]
39¢g 6.05 Zn . .
15.0 ¢ 4.92 Zn
Rainbow . R R - o ) s i
treul 3.9 g ZaS50y, - TH,0 96 FT 14.8-15.5 o 0.285. ZIn C7:3=7.7 0 42 a5 LN (7)
(Salmo 4.9 g ‘ : 0,506 Zn-. : i L s
gairdneri) 28.4 g 0.820.Zn
Ralnbow g : P
trout Juveniles ZnS0y 96 FT 12.7 0.43 Zn 6.8 25 26 - (15}
Rainbow ‘ S o o
troat e Zinc 96 I FT 11.6~12.4. - 0.19 Zn o _6.,3*-7.0 - 17-26 20-25 = {4
Rainbow _ _ L . : . e
trout Fingerlings Zinc 48 FT 17.7 ‘ 0.91 2n CERI T R 3 1 R L1 N ()]
sulfate : ' - : ' : :
Rainbow ' ) « . : :
trout 1.5 g Zine 96 -8 10 0.09 Zn 7 20 « 20 - (5)
Rainbow . N - :
trout Juveniles ZnS0y, T 9% . FT 16.2 ‘ 7.21 Zn ‘ 7.8 1238 333 a5
Roinbow . : ) - o ) -
trout 1.9 g ZnS0, + 50 96 - FT 14.8-15.5 2.40 Zh 7.3-7.7 - 100410 &3
4.9 g . 2.66 ZIn .
28.4 g 1.95 In
Raintow ) . o .
trout - Zinc 48 5 15 3.2 2Zn 7.6 200 300 (1)

*flow-through bioassay
**static bioassay
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1he acute toxicity (24-, 4B-, 96-hr TL30 values) of zinc to seversl species of fish in water of vVarious water qual i'ties_.

R

Exposure .
time.  Exposure Temperature Concentration
Species Size Compound (hr) ~ type *c) {ug /1) oH Alkalinity Hardpess Reference
Cutthroat .
trout - Zine 24 FT - 0.62 Zn 7 2309 - {11)
(Salwo 48 FT 0.27 Za
clari:i) 96 T ¥T 0.09 Zn
24 s 0.42 n
.Chincok
salmon At hatch Zine 96 FT 11.1-12.0 >0.,70 Zn 8-7.0 17-26 20-25 (4)
(Oncocrhynchus -
'tshaW:ftCH_a)- 1 month old Z'_l.nc 96 T 10.8-12.5 0.103 ¢n
Atlantic
salmon
(salmo $313T)  Juveniles zine 24 FT 15 0.65 Zn .1-7.5 - 20 an
Fathead
alnnow 1-2 g ZuS0y «7H0 24 - 15 0.92 ZnS04+7820 7.5 18 20 {9)
(Pimephales 48 0.87 ZnSOy +TH20
pronclayg) 96 0.87 ZnSOy+7Hp0
Fathead
slancw 1-2 g Zn{Cpl4302) 2 24 5 15 1.03 Zn(Cyh30,) 5 7.5 18 20 (9}
48 Q.88 Zn(C;l30;),
96 0.88 Zu(Cyly05),
Fathead -+
of anow 1-2 g Zn53y, * THz0 96 FT 2541 12.5-13.8 2y, 6 - 50.2 (8)
6.2-11.7 Zn 7 50
4.7-6.1 In 8 50
Fatheed -
slunow 1-2 g In50,,*THz0 96 FT 2541 18.5-25.0 Za, 6 - 100 8)
12.3-12.5 In_, 7
8.1-10.9 In 8



The scute toxiciry {2&-, 48~, $6~hr TL30 vaiues) of ginc to zeveral ape

*ood g e
T
|

cles of fish in water of varibus water qualities.

Exposure :
time Exposure Temperature Concentration
Species Size Coumpound {hr) type (") (mg/1) pH Alkalinity  Hardoess Reference
Fathead o+
ninnow 1-2 g ZnS0y ~7H20 96 FT 2541 25,0-39.5 Zn 6 - 200 (8)
13.6-19.3 Zo, 7
8,2~21.0 Zn 8
Fathead
minnow 1-2 B anOL.'?llzo 24 3 15 34.5 ZnSO;,-?HZO 7.5 300 360 (9)
48 23.4 ZnS0y*7H20
96 334 ZnS0y*TH0
'“% Fathead . R : : : )
&) ainnow Eggo ZnS0y, " TH30 24 T 20 3.95 Zn . " 7.5=7.6 4458 - 174-~-198 10}
48 2.55 Zn : :
96 1.84 Zn
Fathead ' . :
minnow Fry ' ZnS0y *7TH0 24 FT 20 0.95 In 7.5-7.6 . .44-38 174198 Qo)
48 0.95 Zn oo ‘ ¥
96 0.87 In
Fathend '
minnow 45 {mm) Zine 24 ;] 23.2 8,9 ZIn 6.2 - 166 {12)
: 48 7.8 In )
96 7.6 ZIn g
Fathead '
minnow 2-3 g ZnS0y, * TH0 96 5 23 . 12.5 Zn. 7.4-7.9 - 203 (2)
’ FT ’ 9.2 Zn '
Bluegills -
{Lepomis 1-2 g 2050y, " TH0 26 8 15 6.48 2050, - TH0 7.5 18 20 9)
macrochirus) 48 ’ $.46 ZnS0y, " 7Hy0
96 5.38 ZuS0, *7H,0




b8h

The acute toxicity

(24~-, 4B-, 96-hr TL50 values) of zinc to sevaral species of fish in water of

various water qualities.

Exposure - .
: tima Exposure Temperaturae Concentration
Species _Size Compound {hx) type (°c) (mg /1) pH Alkalinity Hardness Reference
Bluegilla 1-2 g -ZnCl, 24 5 15 " 7.24 ZnCl, © 7.5 18 20 9)
48 5.76 ZncCl,
96 5.37 InCl,
Eluegills 7 g ZnS0y, 96 FT 7-9 10.6 zn't 7.8 35.6 46 {3)
Bluegills 1-2 g ZnS0y * TH20 24 5 15 40.9 ZnSOy-7H20D 7.5 300 360 (€D
‘ 48 40.9 ZnS0, -7H,0
96 40.9 ZnS0, °7Ha0
Flagfish ) , .
(Jordanella 20 (mm) ZnS0y -7H30 96 FT 2542 1.5 Zn 1.5 [¥] 45 {16)
floridae) .
Banded . - : -+
killifish <20 . {cm) Za(R0y) 24 s 17 22.6 Zn_H_ 7.8 - 53 {13}
" (Fundulus 2 48 20.7 Zn_H_
diaphanus) 96 12,1 Zn
Banded - : : B -
killifish <20 «{cm) - Zn(NO3) 24 - s 28 23.0 In 8.0 - 55 {14}
48 20.4 Zn_H_
96 19.2 zn'"
Striped . : —
basas : <20 (cm) Zn{N03) , 24 s 17 11,2 Zn_H_ 7.8 - 53 . {(13)
(Roccus . : 48 10.0 Zn_H_
Baxatilis} 96 6.7 In

i
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obly

The acute toxicity (24-, 46-, 96-hr TL50 valves) of rinc to several species of fish in water of ¥arious water q_qaﬁties.

{continued)
Exposure
time Exposure Temperature Contentration
Bpecies Size Compound (hr) Lype (°c) : (mg/1) . pH Alkalieity Hardness Reference
Striped . . . ‘ :
base <20 {em)  zn(N03), 24 5 - B 11.3 zapt 8.0 - 55 (14)
' 48 10.0 Zn :
9 6.8 20"
Pumpkinseed X . C -+ _ )
{Lepomis - <20 {cm) Zn(N0y) 2 s 17 .25.2 Za 7.8 - ., 530 (13)
gibbosua} z _ gg T ;;.g ;n_H_ ‘ .
) . A T i .
Pumpkingeed <20 (em)  2Zn(NDy) 24 ] . 2 25.1 zn), 8.0 - 55 . %)
2 48 2.9 Zn o
96 20,1 Zn
White . : . . .
perch <20 (em)  Zn(Noy), 24 8 17 © 13.6 zn,, 7.8 - s (13)
(Roccus ) 48 - 10,2 20, ' S L
americanus) 96 14.3 ZIn
¥hice ) ) : . ) ’ B ;
perch : <20 (em)  Zn(NO3) 24 s - - 28 13.5 Zngy B0 - 55 (14)
2 ) .
48 10.1 Zn_H_
96 14.4 Zn
Cazp ’ . T . -
(Cyprinus <20 (em)  z(NOy), - 2 I 1 14.3 2oy, 7.8 = - 53 asm
carpio} . ;g ' ;.g :n_H_ .
. 8 Zn :
Corp <20 (em)  Za(Wy), 2 s = - 14 23‘ 8.0 - 5 a4
‘ 9 ' 7.8 "™ '




" The acute toxicity (24-, 48~, 96-hr TL50 values) of zinc to several species of Fish in water of :YArious water qua]itie‘s.

Exposure

. time Exposure Temperature " Concentration
Specles Size - Compeound (hr), type (°c) {mg/1) pil Alkalinity Hardness. Reference
carp 2.5-3.0 (cm) Zime ‘ 48 s 28-30 10-12 ZnS0, 7.0-7.2 46 - (18)
' ' : ) . sulfate . S :
© Goldfish o o o
{Carassius 1-2 g ZnS0y - TH20 24 S 15 9.07 2a804 7150 7.5 18 20 (9}
i " auratus) . . : 48 - 6.44 ZnSO, *7Hz0
96 6.44 ZnSO,*7H;0
=
Guppy _ ‘
(:—e%ﬂ%[ 9 0,1-0.2'g  ZnSO0y*7H0 2 5 15 2,90 ZnS0, - 7iiz0 7.5 18 20 (9}
Letieularus) o 48 1.96 ZnS0, +7H;0
96 1.27 ZnS0, *7H,0
Bouthern S B .
platyfish 20.8 (em) Zinc aulfate 24 H 23.2 23.0 Zn 6.2 166 {12)
{(Xiphophorug . 48 18.0 Zn :
maculatus) 96 ’ 12.0 Zn

. .
FT = Flow-through.

.
8 = Staric,

1
S s e i



aal

-

o

REFERENCES CITED in TABLE 15:

(1)

(2)

Brown, V.B., 1968. The calculation of the acute toxicity of mixtures

of poisons to rainbow trout. Water Res. 2:723.

Brungs, W.A., 1969. Chronic toxicity of zinc to the fathead minnow,

Pimephales promelas Rafinesque. Trans. Am. Fish. Soc., 98:272.

Cairns, J., Jr., et al., 1971. The effects of pH, solubility, and

temperature upon the acute toxicity of zinc to the bluegill sunfish

(Lepomis macrochirus Rafinesque}. Trans., of the Kansas Acad.

of Sci., 74(1).

Chapman, G.A. Unpublished data évai1ab1¢ at the National Water Quality

Laboratory, Duluth, Minnesota.

Garton, R.R., 1972. Biologjca] effects of cooling tower blowdown.

71st National meeting. Amer. Inst. Chem;'Engr. Jour.,, Dallas, Texas.

Herbert, D.W.M., and D.S. Shurben, 1964, The toxicity to fish of
mixtures of poisons. 1. Salts of ammonia and. zinc. Ann. Appl.

Biol., 53:33.

Holcombe, G., and D.A. Benoit. Unpublished data available at the

National Environmental Research Laboratory, Duluth, Minnesota, 55804,

Mount, D.I., 1966. The effect of total hardness and pH on acute toxicity
of zinc to fish. Air/Mater Poll., 10:49.

Pickering, Q.H., and C. Henderson, 1966. The acute toxicity of some heavy
metalsto different species of warm water fishes. Air/Water Poll.,

10:453,

=
ANy
N



(11)

(12)

(13)

(15)

(16)

(17)

Pickering, Q.H., and W.N. Vigor, 1965. The acute toxicity of zinc to

eggs and fry of the fathead minnow. Progressive'Fish Culturist, 27:i53,

Rabe., F.W., and C.W. Sappington, 1870. The acute toxicity of zinc to
cutthroat trout Salme Clarki, pp 1-16. In: Biological Productivity
of the coeur d' Alene River as related to water quality. Completion
Rept.-water Resoufces Res. Inst. Univ. Idaho, Moscow. Sporf Fish.

Abs. 13665 1971.

Rachlin, J.W., and A. Perlmutter, 1968, Response of an inbrad strain
of platyfish and the fathead minnow to zinc. Progressive Fish

Culturist, 30:203.

Rehwoldt, R., g;_gl., 1971. Acute toxicity of copper, nickel, and zinc

jons to some Hudson River fish species. Bull. Environ. Contam.

< toxicol., 6:445,

Rehwoldt, R., et al., 1972. The effect of increased temperature upon
the acute toxicity of some heavy metal ions. Bull. Environ. Contam.

Toxicol., 8:91.

Sinley, J.R., et al., 1974, The effects of zinc on rainbow trout

(Saiﬁb géirdneff)=ﬁﬁ.héfd and soft water. Bull. Environ. Contam.

Toxicol., 12,Nof‘2;

Spehar, R.L., 1974. Cadmium and zinc toxicity to Jordanella floridae

(Goode and Bean): Effects on gfowth, reproduction, survival, and

behavior. A thesis submitted to the University of Minnesota.

Sprague, J;B.,.1964., Lethal concentrations of copper and zinc for young

Atlantic sdlmon. Jour. Fish Res. Bd. Can., 21:17. '

“492



(18) Sreenivasan, A., and R.S. Raj, 1963. “Toxicity of zinc to fish.

Current Sci. {India), 32{8):363; Chem. Abs., 59:143386 (1963).

414

oy



¥

REFERENCES CITED:

Affleck, R.J., 1952. Zinc poisoning 4n a trout hatchery. Australian ¢ ur

Marine Freshwater Res. 3:142.

Anderson, E.A., et al., 1934, The. corrosion of zine in various

waters. Jouri Amer. Water Works Assn., 26:49,

Ball, I.R., 1967. The relative susceptibilities of some species of fresh

fish to poisons. 1. Ammonia. Water Res. 1:767.

Bartow, E. and 0.M. Weigle, 1932. Zinc in water supplies. Indus. Eng.
Chem. 24:463, | |

Bieéfnger, K.E. and G.M. Christensen, 1972. Effects of various metals en

survival, growth, reproduction, and metabolism of Daphnia magna. Jour.

Fish. Res. Bd. Canada 29:1691.

Brungs, W.A., 1969. Chfonic.toxicity of;zinc?to'fhe-fathead minnow,‘Pimeghales
promelas Rafinesque. Trans. Amer. Fish. Soc. 98:272.

Cairns, J.; Jr,fénd A.'Schéiér. 1958. The effect of periodic Jow 0Xygen upon
the toxicity of various chemicals to aguatic organisms. 12 Ind. Waste Conf.

Proc. Purdue Univ. Eng. Extension Series.

Cohen, J.M., et al., 1960. Taste threshold concentrations of

metals in drinking water. Jour. Amer. Water Works Assn. 52:660.

Early, E.B., 1943, Minor element studies with soybeans: 1. Varietal reactions

to concentrations of zinc tn excess of nutritional requirements. Jour. Amer .

Soc. Agron. 35:1012,

NS

LTI

PEPH I DR



. w‘wl ENTORET N

Herbert, D.W.M. and D.S. Shurben, 1964. The toxicity to fish of mixtures

of poisons. I. S$alts of Ammonia and zinc. Ann. Appl. Biol. 53:33.

Hewitt, E.Jd., 1948.: ReTatién Of-manganese andhsome-other metals ‘to the iron

statusﬂof.p1ants. -Naturé, 161:485.

Hunter, J;G.7and 0. Vergnano, 1953. Trace element toxicities in oat plants.

Ann. Appl. Biol. 40:761.

Kopp, J.F. and R.C. Kroner, 1967. Traée metals in waters of the United States.
U.5. vept. Interior, Federal Water Po}]htjon Control Adm., Cincinnati,

Ohio.'_

Lloyd, R,, 1961, Effett of.disso1Ved bxygen concentrations on the toxicity of

several poisons to rainbow trout (Salmo gairdnerii Richardson). Jour,

Exp. Biology 3B:447.

Mi1likan, C.R., 1947. Effect of molybdenum on the severity of toxicity symptoms
in flax induced by an excess of either manganese, zin¢, copper, hickel, or

bobalt in-the nutrient solution. Jour Aust. Inst. Agr. Sci., 13:180.

National Technical Advisory Committee, 1968, Water Quality Criteria. Federal

- Water Pollution Control Administration, Washington, D.C.

Pickering, Q.H., 1968. Some effects of dissolved oxygen concentrations upon

the toxicity of zinc to bluegill Lepomis macrochirus Rafinesque. Water

Res. 2:187.

Pickaring, Q.H. and C. Henderson, 1966. The acute toxicity of some heavy metals
to different species of warm water Tishes. International Jour. Air and Water

Poll,, 10:453,

Skidmore, J.F., 1964. Toxicity of zinc compounds to aquatic animals. with

special reference to fish. CQuarterly Rev. of Biology. 39:227, B Lf?CQ



[\

Sprague, J.B. and B.A. Ramsay, 1965. Lethal levels of mixad copper-zinc

solutions for juvenile salmon. Jour. Fish. Res, Bd., Canada. 22:425.

Vallee, B.L., 1957. -Zinc and its biological significance. Arch. Indust. Health,

16:147,

Warnick, S.L. and H.L. Bell, 1969. The écute toxicity of some heavy metals to
different species of aquatic insects. Jour, Water Poll. Control Fed.-

~ 41:(Part 1)280.

Wurtz, C.B., 1962. Zinc effects on freshwater mollusks. Nautilus, 76;53,

497

i

RRGERER 1 ¢

FERTE T



g M

- EC50;

 GLOSSARY

Acutely toxic: Causing death or severe damage to an organism
by poisoning during a brief exposure period,
normally ninety-six hours or less, although there

is no clear liné of demarcatlon between acute and

chronic toxicity.,

Chronically toxic: Causing death or damage to an organism by

poisoning during prolonged exposure, which,
depending on the organism tested and the test conditions
and purposes, may range from several days, to weeks,

months, or years.

Dose eqﬁivalent: The product of the absorbe-d doee fr'omr iorri‘zi:ig- :
radiation and such factors to account for dlfferences in-
biological effectweness due to the type of radiation and
its distribution in the body as specified by the International

‘Commission on Radiolog.ical Units and Measurements {ICRU).

the test conditions in a speeified time in'.fi'fty'percent- of the -
organisms tested. Exampleé of specified effects are

hemorrhaging, decreased feeding, dilation of pupils, and

altered swimming patterns.

Gross alpha particle activity: The total radioactivity due to alpha
particle emission as inferred from measurements on a dry

sample exclusive of the contribution, if any, due to radon and

“uranium.
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Gross beta particle activity: The total radioactivity due to beta particie

LC25:

LC50;

LD50:

emission as inferred from measurements on a dry sample
exclusive of the contribution, if any, due to potassium-40 and

other naturally occurring radionuclides.

The concentration of a toxicant that ig lethal (fatal) to twenty -five
percent of the organisms tested under the test conditions in a

gpecified time,

The concerntration of a toxicant which is lethal (fatal) to
fifty percent of the organisms tested under the test conditions

in a specified time,

The dosé of a toxicant that is lethal (fatal) to fifty percent

of the organisms tested under the test conditic_ms in a
specified time. A dose is the quantity actually administered
to the organism and is not idenﬁcal with a concentration,

which is the amount of toxicant in a unit oi" test medium

rather than the amount ingested by or administered to the organism.

Liter (1): The volume occupied by one kilogrém of water at a pressure

of 760 mm of mercury and a temperature of 4 C. A liter is

0. 9463 quart.

Man-made beta particle and photon emitters: All radionuclides emitting

~ beta particles and/or photons listed in Maximum Permissible

Body -Burdens and Ma.ﬁ:imum Permissible Concentrations of Radio-

nuclides in Air or Water for Occupational Exposure, NBS Handbook

69, except the daughter products of thorium-232, uranium-2335, and

uranium-238,
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Microgram per liter (ug/1): The con.cent'ration at which one millionth
of a gram (10-%g) is contained in a volume of one liter.

There are 453. 59 grams in a pound.

Microgram per kilogram (ug/kg):- The concentration at which one millionth
of a gram (one microgram) is contained in a mass of one kilogram.

A kilogram is 2. 2046 pounds.

Milligram per kilogram (mg/kg): The concentration at which one thousandth
of a gram (one milligram) is contained in a mass of one kilogram. A

gram contains 1000 milligrams.

Milligram per liter (mg/l): The concentration at which one milligram (lo'3g)

is contained in a volume of one liter,

Milliliter (ml): A volume equal to one thousandth of a liter.

Most Probable Number (MPN): The statistically determined number which
represents the number of individuals most likely present in a given

sample or aliguot, based pn test data.

Nanogram per liter {(ng/l): The concentration at which one billionth

of a gram (1078g) is contained in a volume of cne liter,
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Part per million {ppm): ‘A concentration at which one unit is
contained in a total of a million units, Any units may be
used (e.g., weight, volume) but in any given application
identical units should be used {2.9., qrams r:er million grams

or liters per million liters).

Parts per thousand (o /00): A concentration at which one unit is
contained in a total of a thousand units. The rules for
using this term are the same as those for parts per miilion.
Normally, this term is used to spécify the salinity of estuarine

or sea waters,

Picocurie (pCi): That quantity of radicactive material producing 2. 22

nuclear transformations per minute.

Rem: The unit of dose equivalent from ionizing radiation to the total
body or any internal organ or organ system. A millirem (mrem)

is 1/1000 of a rem (0. 001 rem).

TL50: - Median Tolerance Limit: The concentration of a test material
at which just fifty percent of the test animals are able to

survive under test conditions for a specified period of exposure.

TIm : Synonymous with TILj5.
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