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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 enviromment 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 aguatic species within the
Timits 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 ¢riteria can never be de-

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

3 -
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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
pregressive 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 life and of the antagonistic and syner-
gistic reactions among many quality constituents_in water; and to mold
such future knowledge into realistic, environmenfally protective

. Ccriteria to insure that the water resourge‘@an}fﬂlfi]l socigty's

needs. -
2 o
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' 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 Environmentai Protection Agency to publish
critéria for water quality accurate]y reflecting ﬁhé 1atest-§cientific
~ knowledge on the kind .and extent of all identifiable effects on health
and welfare which'may'be ekpecfed from the presence of po]]utanﬁs in any
| body-of wateh, 1nciuding ground'ﬁater. Propqsed Water Quality Cfiteria
i wéreudeveloped and a notice of theirjavai1ab111ty'wés publiﬁhed on- |

October 26, 1973 (38 FR 29646). This present volume represénts'a

”””rev1sion of the proposed water qua11ty cr1ter1a based upon. a considerat1on

- of comments received from other Federal agenc1es. State agenc1es._spec1a1

~ interest groups, and'indiV1dua1_sCientists.

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

those basic water'conétituents and- pollutants that are cdnsidéred most
significant in the aduatic envirbnment'fn the'contéxt of éur presehﬁ
’ know?edge and experience. ‘The format. for criteria presentation has been 4 ;

aliered substantia11yffrom the prdposed volume. It is believed that the
| a]phabetical arrangement of the watef qua1§ty'const1tuents and the furm'
in ﬁhich the information is arranged will be of considerable help talthe_
reader in using this vo]uhe For each basic water constifﬂent or pollu~
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'volume is to recommend criterta levels for a
water qua?ity_that wili provide for the protecfion and propagation of
fish and other aquatic 1ife and for'recreafion in and on the water in
'accord w1th the 1983 goals of P L 92- 500 Crxter1a a1so are presented
-for the domestic water supp1y use. General}y, these water uses are the
highest achievable benefictal uses and water qualxty ‘that supports these
uses will a]so be suitahIe for agricultura? and industrial uses. In
those Tew exceptions, criter1a are presented to provide a safe water
- qual1ty for agr1cu1tora1 use, or water qua11ty conditions associated
with agricuitural and industria1 uses are discussed 1n the rationale

'supporting a criterion recommendation

Gufdelines o 1mp1ement the cons1derat1on of criter1a presented in.
th1s vo]ume in the deve?opment of water qual1ty standards, and in other
'water-related programs of this Agency, are being developed and will be

avai?able for use by the States, other agencies, and interested parties

in the near future. | S T

Nt Jege

Qussell E. Tratin
Adm1n1strator




PREFACE

The genesis of water quality_criteria in the United States_began in the
early 1900's. Marshl/,'in’1907,'published on the effects of indﬁstrial
wastes on fish. Shelfordgf, in 1917, published effect data on fish for a
1argé number of gas;waste conStiﬁuents. 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 Shelford, experimented with the goldfish as a test animal for aquatic

toxicity studies.

A monumental early effqrt;ﬁb geséribé and recofd.the~effects of various
concentrations of a great number of substances on aquatic 1ife was that‘of
E]1is in 1937. E]]isﬂf reviewed the existing literature for 114 substancés_
in a 72-page document and listed lethal concentrations found by the-various
authors. He provided a fationaie for the use of standard test anfma1s'1n

aquatic bioassay procedures and he used the common goldfish, Crdssius ahratus

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}, :

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

3/ g.s. POWERS, The goldfish (Carassius carassius) as a test animal in the
study of toxicity. I11incis Bio1. Mono., 4:127-193 (1917).

4/ M.M. ELLIS, Detection and measurement of stream pollution. 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-

: hent 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 Teft 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 referenceﬁ. 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 retationships for major water poliutants. 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 tremendously enhanced into a second edition edited by Messrs. Jack E. McKee
and Harold W. woif and published in 1963 by the Resources Agency of Ca1§fornia,
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

3 Vater Quality Criteria. State Water Pollution Control Board, Sacramento,
California. '

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

oyl



 characteristics according to their effects on.domestic water supplies,

industrial water supplies, irrigation waters, fish and other aquatic life,
shellfish cuiture, and swimming and other recreational uses. Specific values
'.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
reported by others as harmful. Such an anoma?y is due to differences in investi-
gative techniques among investigators, 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-
étituents has been helpful through time to predict a range within which a water

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

In 1966 the Secretary of the Interior appointed a number of nationally
recognized scientists to a National Technical Advisory Committee to deveiop'water
quality criteria for five specified uses 6f water: domestic water supply,. _
fecreation, fish and wildlife, agricultural, and industrial. In i968 the report
was pﬁblishedzj. 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 persoﬁne1 in State
water pollution control agencies engaged in water quality studies and water

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

1 water Quality Criteria, A Report of the National Technical Advisory

Committee to the Secretary of the Interior. U.S. Government
Printing Office, Washington, D.§;_7(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 assoﬁiated 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 1ife recom-.
mendation for a particular water pollutant could not be made becauée of either a
tack of information or conflicting infqrmation, arrecommendation was made to
substitute a designated application factdr 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
knowledge. The result was a 1974 pub]1cat1on that presented water quality

cr1ter1a as of 19728/

The Federal Water Pollution Controt 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 healthiahdrwelfgre thchrmay 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 Adwinistrator, 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 thereafterjrévise) ¢riteria fﬁr'watér quaii;y accurate]y'
reflecting the latest scieﬁtﬁfib khow]edge {A) on the kind and extent of all
identifiable effects on health and welfare inc1udfng, but not limited to, -
plankton, fish, shellfish, wildlife, plant Iife, sﬁorelines, beaches, esthetics,
and recreaticn which may be éxpected from the presence of poiiutants-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 effectg of pollutants on biological community diversity,

productivity, énd stabi1ity£.in6]uding jnformgtion on the factors affecting
rates of eutrdphication andrrates'of brganic 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 yeér after October 18, 1972 (and from time to time thereafter révise)
information (A) oﬁ the factors necessary to restbfé and maintain the'chemica1, -
physicai? and biological integrity of all navigable wateké,:ground waters, |
waters of the contiguous zone, and the oceans; (B) ‘on the factors necessary for '
the protection énd propagation of shellfish, fish, and wildlife for classes and
catégories 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 Sectionr303 of this title, on and the i&entification 
of pollutants suitable for maximum daily load measurement correlated with the_

achievement of water quality cobjectives.

vl



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

/,—ix “(3) Such criteria and information and revisions thereof shall be issued
f

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, shelifish, 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 OCW will be expanded pericdically in the future to include
additional constituents as data become available. While the

NAS/NAE 1972 Water Quality Criteria considered aluminum,

_ antimony, bromine, cobalt, fluoride, lithiim, molybdenum,

s thallium, wranium and vanadium, these presentiy are not included
in this volume; however, they should be given consideration in
the develomment 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, some of these constituents
-may have harmful effects. [jntil such time that criteria for the
10 aforementioned constituents are developed; infonnation
relating to their effects on the aquatic ecosystem may be found

in the NAS/NAE 1972 Water Quality Criteria.




PREPARATION OF THIS VOLUME -

A volume of this scope results from the efforts of
many dedicated people and includes technical specialists
located - thH*oughout 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.

"
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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 ts5 protect essential and sig-
nificant Tife 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 1ife.

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 1ife. The Agency's

interim primary drinking water ‘regulations (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 poflutants are identified in both the quality criteria for domgstic
water supply and the Drinking Water Standards, the concentration levels
are identical. Water treatment may not significantly affect the removal

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

those who undertake the task of criteria formulation.

The universe of organisms composing 1ife in water {s great in both kinds

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

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

mu;h greater response varfation exists among species of aduatic_orgaﬁisns.
Thus, aguatic organisms do not exhibit the same degree of harm, individually
or by species, from a given concentration of a toxicant or potential toxicant
within the environment. In establishing a level or concentration of a qualjty”
constituent as a criterion. it is necessary to ensure 2 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 Species 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 eliminate an important
seqment of that food web would, in all 1ikelihood, destroy or seriously

impair other organisms associated with it.

Although experfmentation relating to the effects of particular substances
under controlied 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 Tnvestigated. 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 énvironment. As general indicators of organism
responses 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
vifal links within the food web that results in the fish population in a

particular waterway.

The\ideai 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 are 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 all Tife stages of the test organism in

waters of vary1ng quality, as we11 as to protect assoc1ated organ1sms within =

the aquatic env1ronment that have not been tested and that may be more
sensitive to the test constttuent App11cat1on factors have been- used to -

provide the degree of protect1on required. Safe levels for certain chlorinated”
hydrocarbons and certain heavy metals were estimated by applying an §.01

application factor to the 96 hour LC50 value for sensitive aquatic organlsﬁsh |
Flow-through b1oassays have been conducted for some test 1nd1catororgan1sms-
aver a substantial nnrind af +hair 1ife historv. In a few other cases,
information is ayai]ab]e_for the organism's natural life or. for more than

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

level, as well as a no-effect 1éve1.
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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 envirqnmental effect upon

‘which scientific judgment may be based. As it is currently associated with

the water environment 1t 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 Statement 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 quaiity criterion as a basis

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

criterion because of prevailing Tocal ‘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 {long-term) effacts. 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 concgntration for a stated
pefcentage of organisms tested, or the reciprocal, which is the tolerance
1imit 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 iifetime 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 accur in the species population rather than
in the individual., If eggs fail to develop or the sperm does not remain
viable, the.spebies'wou1d be eliminated from an ecosystem because of re-
productive failure. 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 Tarval period of a fish's 1ife could result ultimately in the
e]ihinatfon of the fish frém an area. The phenomenon of biocaccumulation 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
way have increased mortality rates. There may be a hazard to the health of

man if aquatic organisms with toxic residues are consuméd.

The fact that 1iving systems, i.e. individuals, populations, species
and ecosystems can take up, accumulate, and bioconcentrate man-made and natural
toxicants is well documented. 1In aquatic systems biota are exposed directly
to poilutant toxicants through submersion in a relatively efficient
solvent (water) and are exposed indirectly through food webs and other '
- bi61ogica1, chemical, and physical interactions. Initial toxicant levels,
if not immediately toxic and daﬁagihg, 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 ﬁhese organisms., Water
qua11ty criteria reflect a knowledge of the capacity for environ-
'menta1 accumu1at10n. persistence, and effects of specific toxicants in

' specific aquatic systems.
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lons of toxic materials frequently cause adverse 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.tox1cants. Some mater1a1§ may not pass
through membranes in their natural or waste-discharged state, 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 muttiple effects; for example an iron salt may not be.toxic, an

jron floc or gel may be an irritant or clog fish gilis to effect asphyxaatxon,

7 dron at Tow concentrations can be a trace nutrient 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, criteria
are based on the total concentration of the substance because an ecosystem can |
produce chemical, physica? and bio]ogicaf chaﬁgeé that.mﬁy be détrimental 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, Interrelatidnships and interﬁctions among organisms and
their envirohmeng as well as the jnterrehtionships of sediments .and
the constituents they contain to the water above; are recognized as fact.
Antagonistic and synergistic reactions among many quality constituentsr
in water also are recogmized 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. Historicélly, much of the data
to support criteria development was of an ambient concentration-organism

response nature. Recently, data are becoming
o



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 hation may exceed designated criteria
for particular constituents. 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. 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 agafnét]ong«term effects may result in a criterion
that canﬁdt be detected with present analytical tools. In some cases, a mass |
baiance calculation can provide a means of assurance that the integrity of

of the waterwqy 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 befbased on the water quality criteria, appropriaté1y

modified to take account of local conditions. The 16ca] conditions to be
considered include actual and projected uses of the water, natural background
levels of particu1ar constituents, the'presence or absence of sensitive

important species, characteristics of the local biological community,

ﬁ temperatureIahdtweathér,'flow characteristice, and synergistic or antagonist{c

-effects of combinations of pollutants.
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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'qua11ty criteria inc1vde'drinking water
standards, the ocean dumping program, des1gnat1on of hazardous substances,
dredge spoil criteria development, removal of in-pIace toxic materxals,

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

waters with modifications for Jocal conditions as needed. To viclate quality
" eriteria for any substantial Iength of t1me or in any substantial” portxon

of a waterway may resu1t in an adverse effect on aquatic I1fe and perhaps

a hazard to man_or other consumers of aquatic 11fe

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

Thus, they may provide a basis for effiuent standards; but 1t is not intended

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

substances may bé app?ied to the aquatic environment with the concurrence of 2

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'applied according to official
label instructions to agricultural and forest lands may be washed to a

receiving waterway by a torrential rainstorm. Undér such conditions it is

believed that such diffuse source inflows should recefve consideration



similar to that of a discrete effluent discharge and that in such instances
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 includes 3 concise
‘statement of the dominant'criterion or criteria for a particular constituent
' followed by a narrative introduction, a rationale that includes Justification
for the designated ériterion or criteria, and a listing 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
pub]ication A particular constituent may have more than one criter1on

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

where applicable, sujtabi]ity as a drinking water supply source, protection

of human healtﬁ when.edible portions of selected biota are consumed, pro-

" vision for recreational bathing or water skiing, and permitting an appropriate
factor of satety to énsure pfotection for essential warm or cold water

associated biota.

Criteria.ére'presented forlthose substances thét may occur in water
_;where data indicate the potent1a} for harm to aquattc life or to water
users or to the consumers of the water or of the aquattc life Prasentad
criteria do not represent an a11 inclusive 1ist of constituent contaminants.
0m15510ns from criteria shou]d not be construed to mean that an omitted

quality constrtuent s eivther unimportant or non-hazardous.

than
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- AESTHETIC QUALITIES.

CRITERIA:

: Ali waters free from substances attributabie
to wastewater or other discharges that:
(1)-.settle to form objectionable deposits;”

| (2) float as debris, scum, 0il, or other

~ -matter to form: nuisances.
(3)- produce: obaectionab]e color, odor,
taste. or turbzdity,
{4) injure or are toxic or produce adverse
- physiological responses in humans, o
zanima1s or plants; and,
(5) ggoduce undesirazble or nuisance aquatic o

RATIONALE :

Aesthetic qua1ities of water address the generai principles 1aid down

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

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

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

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

: public 1nterest

Aesthetic qualities provide the generai rules to protect water against

env1ronmenta1 1nsu1ts, they provide minimal freedom requirements from poilution,'

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



ALKATINITY

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

where natural concentrations are less.

INTRODUCTION:

Alkalinity is the sum total of componénts in the water that tend
to elevate the pH of the water above a value of about 4.5 It 1s
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 weil
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 increass the

, alkalinity are carbonates, bicarbonates, phosphates and hydroxides.

RATI OVALE:

The aika11n1ty of water used. for mun1c1pa1 water suppliés is important
lbecause it affects the amounts of chem1cals that need o be added to accomplish
coagulation, softening ane contro] of corrosaon in distribution systems. The

1ka1inity of wafer'assiets in the neutra1izatf6n ef excess acid produced during
the addition of such materia]s as. a]um1num su]fate during chemical coagu!at1on
 Watérs hav1ng suff1c1ert alka11n1ty do not have to be supp1emented with arti-
ficially added materxa]s to increase the a}ka11n1ty Alkalinity resu1t1ng from
‘naturally occurr1ng materiais. such as carbonate and bicarbonate is not considered

a health hazard in. dr1nk1nq water supp11es Egg se, and naturally occurring

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

considered a prob]em to human health (NAS, 1974). o T \\_,f:;‘

A1ka11n1ty is important for flsh and other acuatic 11fe in fresh~
water systems because it buffers pH changes that occur naturally as a

result of photosynthetic activ1ty of the’ ch1orophy11 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 Commxttee (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 dzd not p]ace

an absolute minimal value for it. The use of the 25 percent reduct1on avo1ds L
the problem of establishina standards on waters where natura1 a1ka11n1ty 15 l.

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

The NAS Report recommends that adequate amounts -of alka]inity be maintained

to buffer the pH within tolerable 1imits for marine waters. It has been’
noted as a correlation that productive waterfowl habitats are above 25 mg/1

with higher alkalinities resulting in better waterfowl habitats (NTAC, 1968}).

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

the Tacrimal 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 maximum a]kalinities 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 proportion of
sodium in soi] 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.  Alkalinity
may also lead to ch1oros1s in plants because 1t causes the iron to precipitate’
as a hydrox1de (NAS 1974) Hydroxyl ions react w1th.av311ab]e iron in the
s01] water and make the iron unavailable to plants Such deficiencies induce
‘Lchiorosis and further pTant 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 as CaC03
Steam Generation Boiler Makeup....;;ﬂ;;;;.. 350
Steam Generation Coo}ing.,f:.,...,_ ...... .. 500
Textile METT PROGUCES....veeerrsersesies  50-200
Paper and Allied Products........covveeess . 75-150
Chemical and Al1ied Products....... {.;,;.;'- 500
Petroleum Refining..... Cerseaieanes vevees. 500
Primary Metals Iﬁdustr‘i (3-SR ceisecsesaas - 200
Food Canning Industries.......... 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 Secratary of the Interior,
1968. Water quality criteria, U.S. Government Printing Office,
Washington, D. C.

15




e g

CRITERION:

AMMONIA

G$ﬁ2-mg/} {as Un-ionized Ammonia) for freshwater aquatic life.

con;entrations of Total Annnnta (NH3 + HH4 ) Which _
COntain an Un-ienized Ammonia COncentration -of 0. 020 mglz NH3* o

- Temper- .,--".rf, e pH Value _

R o0 ] 65 70 s 8.0 85 | 5.0 [ 55 [ 0.0
s e | s s | 51 116 | 05 Lo | oo | ooz |
a0 o s ETS REN Y 013 {005 | gom
15 "_7‘75._'_.:- K 2_3.';7;\ 7.3 ) 23} 05| o 2 - 0.093 1 0.043 | 0.027
20 foso e w16 | osz] 0te | 0.0 0.0 | .05

kRO R B TR B YR I | 0.13 | 0.0 | 0.09 | 0.008

30 |28 Cre ) "2 5"_-j o081 | 0.27'{ 0.00 | 0.085 ] 0.0 0.022 -

*{Ahstracted fnun Thqrston et 1. (19?4)]
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? b1o1og1ca1 degradation product
of nitrogenous organic matter. It may 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 equitibrium is established which



wwiitains un-ionized ammonia (NHB), jonized ammonia (NH4T), and hydroxide
ions (OH™). The equilibrium for these chemical species can ba expressed

in simplified form by the following equation:

NHy + Hy0 & NHgH,0 == NH® + O
In the above equation NH3 represents ammonia gas combining with water.
The term NH3-H20 represents the un-ionized ammonia molecule which is
Toosely 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 (NH3 + NH4+).' -

The toxicity of aqueous §o1utions of ammonia is attributed to the-NHa-
species, Because of the equilibrium relationship among NHé, 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 NH, in water squtidns, fhe most important of which are
temperature and jonic strength, The'concentratibn of NH3 increases with.
increasing temberature, and decreases with increasing ionic strength,

In aqueous ammonia soiuthnS'of”gj]utei;aTine_concentrations, the NH,
concentration décreases-with'increasing Sa]in{ty; ': o

A table 6f percent NH3 fdr'aqueous ammonia-soiutions of zero salinity

at different values of pH and temperaturé is given below., This percentage

can be used to determine the amount of totél armonia which is in the most

toxic (NH3) form.

17
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> - 3 r ] - 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 | 0.38 | 1.2 [ 3.8 | M. | 28 | 56
10 | 0.019 | 0.053 | 0.19 | 0.59. | 1.8 | 5.6 16. | 37. | 65.
15 | 0,027 | 0.087| 0.27 | 0.86 | 2.7 | 8.0 | 21. | 46. | 73.
20 | 0,040 | 0.13 | 0.40 | 1.2 | 3.8 |11, | 28. | 56. | 80.

25 | 0.057| 018 | 0.57 | 1.8 | 5.4 |15 | 36 | ed. | 85,
30, | 0.080] 0.25 | 0.80 | 2.5 | 7.5 |20. | 45 | 72. | 8.

* ‘ ,
[Thurston, et al. (1974)]

RATIONALE ;

1t 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

siudies that the toxicity of ammonium sajts was pH?dependent'and-was.direct}y
felated to the concentration of undisseciated ammonia. Chipman‘s work was
confirmed by Wuhrmann, et al. (1947) who concluded that the NH, fraction
was toxic to fish and that the NH4+ fraction had Fittle or no toxicity.
Further studies by Wuhrmann and. Woker (1948) and%DownThg_and Merkens (1955)
agreed with these earlier findings. Tabata (1962}, hnﬁever, has attributed

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

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 N 5 frac-
tion can reach toxic levels, Many laboratory experiments of relatively
short duration have demonstrated that tha lethal concentrations for a
variety of fish species are in the range of 0.2 to 2.0 mg/1 RH; with trout
being the most sensitive and carp the host resistant. Although coarse

fish such as carp survive longer in toxic solutions than do salmenids, the
d1fference in sensitivity between fish species to prolonged exposurs is
’-probably less than the tenfold range given as the lethal range. The lowest
lethal concentration reported for salmonids is 0.2 mg/1 NH, for rainbow_trout_
fry (Liebmann, 1960). The toxic concentration for Atlantic salmon smolts
(Herbert and Shurben, 1965) and for rainbow trout {Ball, 1967) was found
to be only sTight?& higher. Although the concentration of NHj below 0.2
mg/1 may not ki1l a significant proportion of a fish population, such con- |
centration may'st111 exert an adverse physiological or histcpathological
effect (F1is, 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, ammnonia
excretion by rainbow trout was inhibited; and at'8 mg/1 (approximately _ i
1 mg/1 M), 50 percent died within 24 hours. Burrows (1964) found progressive
gill hyperplasia in fingerling chinook salmon during a six~week exposure : 
to a total ammonia concentration {expressed ds NH4),of 0.3 mg/1 (0.002- -
mg/i'NH3), which was the lowest concentration applied. .ReichenbachuKlinkéf_'

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

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

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

‘3\3_(/_,

. tions resulted in extensive_necrotie.ehanges and tissue disintegratien in
- various organs. ”
Herbert and Shurben (19&5) reported fhaf the resistance of

yearling rainbow trout to ammonia increased w1th salinity (i e. dilution

with about 30 percent sea water) ‘but. above that 1eve1 res1stance appeared'

to decrease Katz and P1erro (1967) subsected 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 salinity. In. saline. waters _

the NH4+/NH3 rat1o must be adJusted by cons1deration of the activity of the
charged species and total fonic strength of the- solution. In dilute saline
waters this ratio will change to favor NH4 s and thereby reduce'tﬁe concen-
.trataon of the toxic NH3 spec1es° At higher 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
ammonia on marine species are limited and the information on anadromous
species generally has.been reported in conjunction with studies on fresh-
water species.

Although the NH3 fraction of total ammonia increases with temperature,

the toxic effect of NH3 vs. temperature is not clear. Burrows (1964) has 7
reported that the recovery rate from hyperplasia in gi1l tissues of chinook
- salmon exposed first to ammonia at sublethal levels and then to fresh water
was less at 6% than at 14°C. In this experiment, comparison was made between)

two different age classes of salmon.

1



tavels 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 1ife. To provide

safety for those 1ife forms not examined, 1/10th of the lower vatuaz of

this toxic effect range results in a criterion of 0.029 mg/1 of un-ionizad

ammonia. This criterion is slightly lower than that recommended for European

inland fisheries (EIFAC, 1970) for temperatures above 5° C and pH values
below 8.5.

Measurament of values of total ammonia for calculation of
values in the range of 0.020 mg/1 NHj 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, 1969). 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 sbecies. Though mbst forms of arsénic are toxic to humans,
~arsenicals have been used in fhe medical treatment of spirochaetal
infections, blood dyscrasias and dermatitis (Merck Index, 1968). Arsenic
--and arsenicals have manyldiversified industrial uses such as hardening of
copper and lead a11oys, pigmentation in paints and fireworks, and the |
manufacture qf g?ass, cloth and electrical semiconductors. Arsenicals
are used 1nxtherformu1étion df herbicidé§ for forest management and

agriculture.’



RATIONALE:

Arsenic concentrations in most-community drinking-water-supp1ies
in the United States range from a trace to apprexzmately 0. 1 mg/]

{(McCabe, et al.. 1970)

Inorgan1c arsenic is absorbed read}]y from the gastr01ntest1na1
tract, the lungs, and to a lesser extent from the sk1n, and becomes

distributed throughout the body t155ues and f1u1ds (So1lman. 1957)

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

(Ducoff et al., 1948, Musi] and Dejmal, 1957)

After cessation of cohtinuous

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, 19533 Boutwel

1963; Hueper and Payne, 1963).

According to Frost (1967), the most toxic arsenicals are well
tblerated at concentrations of 10 to 20 ppm arsenic in the diet. The
least 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
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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 and 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).
Dermétoiogical maniféstations of arsenicism were noted.in children_inlg
Antofagasta, Chile who uséd a water supply containing an arsenic
concentration of 0.8 mg/1,.A-new.water supp1yrwas provided and preliminary
data showéd that thé‘quantity of arsenic in hair decreased (Borgono

and Grieber, 1972).

- Arsenicism affecting two members of a family whose well water
concentratron var1ed from 0 5 to 2 75 mg/l arsen1c over a perxod of
several months was reported 1n Nevada (Craun and McCabe, 1971). A
study in Ca11forn1a 1nd1cated that a greater‘proport1on of the

, popu1at1on had elevated concentrat1ons of arsen1c in haxr when their
drinking water had more than 0.12 mg/1 arsenic than when concentrations
were lower, but i11néss was not noted (Goldsmith, et al., 1972). In
none ofrthe‘cited incidents of apparent corretation of arsenic in drinking
water with increaSed'ihcidence of hyperkeratosis and skin cancer has there
been any confirmed'effdenéé'fhat'arsgnic was the etio1o§§cragent in |

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

ug/day or approx1mate1y 10 percent of the ‘tota] 1ngested arsen1c. o

Although arsenic is ;oncgntﬁated'innaquatic‘organisms, it is
evidently not progressively éonﬁentréted aTong 2 food chain. In add1t1on,
arsenic consumed as an organ1ca1]y bound spec1es in flesh appears ‘to
have Tow toxicity (Ferguson and Gavis, 1972). Surber and Meehan (1931)
found that fish-food organiéms generally can withstand concentrations of
Epproximate]y 1.73 mg/1 of arsenjouS‘trioxfde (1.3 mg/I arsenic) in
a sodium arsenite solution. 'Canéntratioﬁsaof 4 mg/1 sodium'arsenite
(2.3 mg/1 as arsenic) in confined outdoor pools have been found to reducé
survival and growth of fish and to reduce bottom fauna and plankton

populations (Gilderhus, 1966).

Trivalent arsenic is highly toxic to invertebrates. Conversely,
pentavalent arsenic is of relatively low toxicity. In Lake-Erie
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
(Anderéon, 1944, 1946). The Iefha] threshold of sodium 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.

Beginnigg in 1926 and for many years thereafter, sodium arsenite
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 natufal1y may contain
10 ug/1 of arsenic. Pewaukee Lake, Wisconsin, a lake of 2300 acres,
received 215,174 pounds of arsenic for aquatic.vegetaﬁioﬁ control id.ar- -
14~year'pérfod beginhihg.fﬁ.léso.- From11959.t6k1964, arsenic concen-
trations in ;he lake's outlet reached a maximum of 463 ug/1 arsenic_and'
consistently were above 100 ug/1. The mean arsenic éoncenthationrin
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'(drylweigh;); Fre;ﬁ'shbdtéuof mature Myriophyllum sp.
stems contained_zza anthGi‘ug/g_arsenic_(dry weight).‘

Benthic {nverfebrates;_Chabbbrus.pﬁﬁcfipénnfs and Tendipedidae,

were present in Pewaukee Lake in populations that reached 288 per square
foot. Lueschow concluded that the trivalent inorganic arsenic was 10

to 15 times more toxic to Tendipedes plumosus than the pentavalent form.

His studies indicate that the trivalent inofgénic arsenic is convertad

to pentavalent arsenic within 30 days and,that“long-term"éurviva1 of
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typical benthic organisms would be normal at concentrations as high

as 1,820 ug/g arsenic (dry weight) in Take muds.

The data cited above indicate thaf.freshwatek fﬁshnfocd-,
organisms are adversely affected by‘éohéentratibnsféf;arsenib‘as'}qwj :
as 1.3 mg/1, and the mobility of the freshwater cfﬁstacean Daphnia’
is impaired by a concentration of arsenic as Tow $§~4;3'mg11;'aHoweveh;f- . B
these data are not considered to be sfoiCient to recommend any numekié&ir
criterion for freshwater aquatic 1ife. Such data as do exist indicate
that the 50 ug/1 criterion established for domestic water supries should

be protective of aquatic life.

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

nutrient solutions produced toxicity symptoms in'seédlings of the

~ pineapple and orange. Below this concentration, ne symptoms of.

toxicity were found. Clements and Heggeness (1939) reported that
0.5 mg/1 arsenic as arsenite in nutrient’soTuﬁions;prdduced an;80: o :fJ:"f.\‘~//
percent yield reduction in tomatoes. Following a review of available |
literature the National Academy of Sciences (NAS,l1974} suggests that
a concentration of IOO'ugli 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 100 ug/t for
the iz.;rigation of crops is recafnenﬂed-', The herbicidal properties of arsenic

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

1

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

indicate that 100 ug/l would be protective of aguatic vegetation.

&



REFERENCES CITED

Anderson, B.G., 1944, The toxicity thresholds of various substances found 1n

industrial wastes as determined by the use of Daphnia magna. Sewage Yorks

J. 1616: 1156,

Anderson, B.G., 1946. The toxicity thresholds of various sodium salts determined

by the use of Daphnia magna. Sewage Works J. 18:82.,

Borgono, J.M. and R. Grieber, 1972, Epidemiological study of arsenicism in )
the city of Antofag:sta, Proceedings of the University of Missouri's

Fifth Annual Conference on Trace Substances in Environménta] Health (in press)

Boutwe11.~RrK;,_1963. Feed add#tives:-a carcinogenicity evaluation of

potassium arsenite and arsanilic acid. Jour. Agr. Food Chem., 11: 381.

" Chen, K.P. and.H. Wu, 1962. Epidemiological studies on bTackfcot'disease:.

II: A study of source of drinking water in relation to the disease. Jour.

Formosa Med. Assn., 61: 611.

Clements, H.F. and H.G. Heggeness, 1939. ArSenic toxicity to plants. Hawaii

Agf, Exp. Sta. Report, 1940: 77.

Craun, G. and L.J. McCabe, 1971. Waterborné disease outbreaksf 1861-1970...

Presented at the annual meétfhg of thé Amer. Water Works A;;n. {June). N



DiPalma, J.R., 1965, Drill's pharmacology in medicine, 4rd ed. McGraw-HiTY

[ S N

Book Co., New York, p. 860. .

DuBois, K.P. and E.M.K.. Geiling, 1959. Textbook of toxicology. Oxford -

University Press, New York, p.:132;

Ducoff, H.S., et al., 1948. Biological studies with arsenic (A8, 76), II.

Excretion and tissue localization. Proc. Soc. Exp.- Biol. Med. 69: 548.

Ferguson, J.F. and J. Gavis, 1972. A review of the arsenic cycle in

natural waters. Water Research,,B:IIZSQ..

‘Frost, D.V., 1967. Arsenicals in biology--retrospect and prospect.
Fed. Amer. Soc. for Experimental Biol., 26:194. o

Gilderhus, P.A., 1966. Some effects of sublethal concentratfons of sodium- S
arsenite on bluegills and the aquatic environment. = Trans. Amer.iFish.,

Soc., 95: 289,

Goodman, L.S, and A.Z. Gilman, eds., 1965. The pharmacological basis of
therapeutics, 3rd ed. The McMillan Co., New York, p. 944,
Goldsmith, J.R., gg_gl:,_TB?Z. Evaluation of health implications of elevated

arsenic in well water. Water Research, 6: 1133,

Heuper. W.C. and W.W. Payne, 1963, Carcinogenic effects of adsorbates of
raw and finished water supplies. Amer. Jour. Clin, Path., 39: 475,

Kopp, J.F., 1969, The occurrence of trace elements-in water, In: Proceedings
- of the Third Annual Conference on Trace Substances in Environmental Health,

edited by D.D. Hemphill, University of Missouri, Columbia, p. 59,

()
2



Lowman, F.G., et al., 1971. Accumulation and redistribution of radionuclides
by marine organisms, In: Radjcactivity in the Marine Environment,

National Academy of Sciences, Washington, D.C., p. 161,

Lueschow, L.A., 1964, The effgcts of arsenic trioxide used in aquatic weed

control operations on selected aspects of the bic-environment, M.S. Thesis,

Univ, of Wisconsin, Madison, Wisconson.

Yackenthun, K.M., 1950. Aquatic weed control with sodium arsenite, Sew.
and Ind._wastes, 22: 1062.

© McCabe, L.J., et al., 1970. Survey of community water supply systems..
Jour. Amer. Water Works Assn., 62: 670.

Merck Index, 1968. An.encyt]oped?a of chemicals and drués, Bth ed.

Merck -and Co., Inc., Rahway, N, J,

Musil, J. and V. Dejmal, 1957. Experimenta] and clinical administratién
of radicarsenic (As76), Casopis Lekari‘Ceskych 196: 1543,

‘National Academy of Sciences Nationa? Academy of Engineering, 1974, watér'

qua1ity crateria 1972’ U.S. Govt Prtnt Office, Wasbinqton, n. €.
Paris, J. A:, 1820, Pharmaco]ogia Comprehend1ng the art of prescr1b1ng upon
fixed and sc1ent1fic princ1p1es together with the h1story of medicxna1

substances 3rd ed W, Phiijps. London, p. 132.

33




Rasmussen, G.K. and W.H. Henry, 1965. Effects of arsenic on the growth of

pineapple and orange seedlings in sand and solution nutrient cultures. - SN
Citrus Ind., 46: 22,

Sautet, J., et al., 1964. Contribution to the study of the biological
fixation and elimination of arsenic by HytiTﬁs edﬁ1is. Second Note.

Ann. Med. Leg. (Paris), 44: 466,

‘Schroeder, H.A. and J.J. Balassa, 1966. Abnormal trace metals in man: - - - |
Arsenic. Jour. Chronic 0151,-19: 88,
Smith, H., 1967. The distribution of antimbny, arsenic, copper
and zirc in haman tissue. J. Forensic Sci. Soc. , 7:97.
-Sollman, T.H., 1957. A manual of pharmacology and its application to
therapeutics and toxicology, 8th ed. W. B. Sanders Co., ?hiiadeiphia;;_ o f;-F\“’//
Sommers, S.C. and R.G. McManus, 1953, Multiple arsenical cancers of skin.
and internal organs. Cancer, 6: 347.
Sufber, E.W. and L.0. Meehan, 1931, Lethal concentrations of arsenic for
certain aquatic organisms. Trans. Amer. Fish, Soc..‘§1: 225,
Trelles, R.A., et al., 1970. E1 problema sanitario de la |
aguas destinadas a Ta bebida humana, con contenidos elevados de arsen1¢b.
vanadio, y flour. Saneamiento, 34(217: 31-80). | R
Tseng, W.P., et al., 1968. Prevalence of skin cancer fn an endemic area of
chronic arsenicism in Taiwan. Jour. Nat. Cancer Iﬁst.. 40 454, .
K% - -



Wilber, C.G., 1969. The biological aspects of water pollution.

Charles C. Thomas, Publisher, Springfie]d, I1linois.

Yeh, S., et al., 1968. Arsenical cancer of the skin. Cancer, 21:312.

35



R LR KPR

CRITERION:

INTRODUCTICN:

Barium is a

BARIUM

1 mg/1 for ddmeétic,water supply (hea]thL

yellowish-white metal of the atkaline earth group. It occurs

in nature chiefly as barite, BaSD4; and witherite, BaC03, both of which are

highly 1nso]uh1er

by humid air or

Many of the

water.

salts of barium are soluble in both water and acid, and‘

soluble barium salts are reported to be poisonous (Lange, 1967; NAS, 1974).

from solution by adsorption and sed1mentation (McKee and Wolf, 19563; NAS, 1974)

While barium is a malleable, ductile metal, its major commercial vaiue is’

in its compounds.

'Houever, barium ions generally are thought to be rapidly precipitated or removed

Barium compounds are used in a variety of industrial appli-

cations including the metallurgic, paint, glass and electronics industries,

as well as for medicinal purposes.

RATIONALE:

Concentrations of barium-in domestic drinking water suppTies 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/l (PHS, 1962/1963; Katz, 1970;

Little, 1971).

Barium enters the body primarily through air and water,. since

3l

salts. The metal is stable in dry air, but readily oxidized -



appreciable amounts are not contained in foods (MBS, 1974).

The fatal dose of barium for man is reported to be 550 to 600 g,
Ingestion of soluble barium cempounds may alse result in effects on the
gastrointestinal tréct causing vamiting and diarrhea and on the central
nervous system causing violent tomic and clcnic spasms followed in scme
cases by paralysis (Browming, 1961; and Patty, 1962, cited in Preliminary
Air Pollution Survey of Barium and Tts Campounds, 1969}. Barium salts are
considered to be muscle stimmlants, especially for the heart muscle {Sollmann,
1957). By constricting.b_lood vessels, barium may cause an increase in bleod
pressure. (n the other hand, it is not likely that barium accuwmilates in
the bo:ie; 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 da11y consumption of two 1iters of water. From these factors they
arrived at a Ijmiting concentration of 2 mg/1 for a healthy adult human
popu]atibn,ito which a safety factor was applied to allow for any.possible
accumulatioﬁ.ih.the body.j Since barium is not removed by conventional
water treathent'prdceséééﬂénd:because of the toxic effect on the heart and
blood vessels, a limit of 1 mg/l is recommended for barium in domestic

water supplles.,

ExpériﬁEntal data indicate that the soluble barium concentration
in fresh and marine water generally would have to exceed 50 mé/l before
toxmlty to aquatic life would he expected. In most natural waters, there
is sufflc:..ent sulfate or carbonate +o preci p:l.tate the barium present in
the water as a virtually insoluble, non~-toxic camound. Recoonizing that
the physical and chemical properties of barium generally will preclude the
existence of the toxic soluble form under usual marine and fresimater
corditions, a restrictive criteria for aquatic life appears unwarranted.
37



REFERENCES CITED:

Browning, E., 1961. Toxicity of industrial metals. Butterworths,
London, England. o ‘ o '

Katz, M., et al., 1970. Effects of pollution on fish Tife, heavy metals,

Annual Titerature review, Jour. Water Poll. Cont. Fed., 42:987.
Lange, N.A., 1961. Handbook of.ﬁhemi;tfy. McGﬁaﬁin}1, Tenth Ed.

Little, A.D., 1971, Inorganic chemical po]]utibn of fresh water. Water
Quality Data Book, Vol. 2. Environmental Protection Agency, 18010 DPV,
' pp. 24-26.

McKee, J.E. and W.W. Wolf, 1963;' Wéiér quality criteria, California State

Water Resources Control Board, Pub; No. 3-A.

National Academy qf_Sciences,_Nationa] Academy of Engineering, 1974. Nater_

quality criteria, 1972. U.S. Government Printing Office, Nashington; p.C.

Patty, F.A. Industrial Hygiene and Toxicology, Vol. IT (New York: Wiley, pp 998%
1002, 1962) cited in U.S. Department of Health, Bducaticn and Welfare, 1969.

Sollmann, T.H., 1957, A manua1'of pharmacology and its applications io

therapeutics and toxicology. 8th ed. W.B. Saunders Co., Phila. Pa.

Stokinger, H.E. and R.L. Woodward, 1958. Toxicologic methods for

establishing drinking water standards. Jour. Amer. Water Works Assn., 50:515.

U.S. Department of Health, Education and Welfare, 1969. Preliminary Air
Pollution Survey of Barium and Its Campounds, A Literature Review. National
Air pPollution Control Administration Publication No, APT D €9-28, Raleigh, NC.

U.S. Public Health Service, 1962/63. Drinking water quality of selected
interstate carrier water supplies. U.S, Dept. of Health, Education and

Welfare, Wash., D.C.

38



BERYLLIUM

CRITERIA:

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

1,100 uQ/l for the protection oi aguatic 1ife
in hard fresh water;

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

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

INTRODUCTION:

Beryllium is not 1ike1y to occur at significantly toxic 1eve]s

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

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

is 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 1n the United

'States, 85 samples (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. 197])

VRATIONALE'

The major human toxic hazard potent1a1 of beryllium is via the
1nha1at1on of bery11ium-conta1n1ng fumes and dusts that might emanate
from process1ng and fabr1cation operat1ons. Bery111um could enter

waters in eff]uents from certain meta]lurg1ca] plants (NAS, 1974).

B3

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

will be protective of a given aquatic ecosystem can be citained by
conducting: £low-through bloassays using ambient water and native species
of fish and invertebrates, _ _
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Contact-dermatitis, characterized by itching and reddened, elevated,

or fluid-accumulated Ie51ons, which appear: particuiariy on the exposed

v R L AP

surfaces of the body, may occur either on an allergic basis or from
primary irritation following contact with soiubie beryllium salts (Van

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

noted, indicating the develooment of delayed hypersensitivity (NIOSH, 1972).

'Ocuiar effects may occur as inflammation of theoconjunctiva n
“sp]ash burn" or in assoc1ation w1th contact dermatitis (Van Ordstrand,
et al., 1945). Spiashes may aiso cauee corneai burns cltosely resembiing
those produced by acids and alkaiies, and fiuid accumuiation and reddening

around the eye: socket are frequentiy noted (NIOSH, 1972)

Beryllium is demonstrabiy toxic by most routee of administration
(NIOSH, 1972), but its oral toxicity is notab]y'different:from-that by
other rootes. The sulfate, for example, whi}e-highﬂy toxic by all
other routes at a single dose level, is practically non-toxic by mouthc
at a level several thousandefoidiQre&ter'by~muitip1e.dose:(Reeves, -

: 1§65; Stokinger and Stroud, 1951).

Tarzwell and Henderson (1960) cbtained 96-hour Icsd= values ranging
from 0.15 mg/l beryllium (when'tested as the nitrate and chloride) to
0.2 mg/1 berylliium (when i:este& as the sulfate)- for fathead minnows in soft
water (20 mg/l CaCD,, total alkalinity of 18 mg/}, and pH of 7.4),
and from 11 mg/l beryllium (as sulfate) to 20 mg/l beryllium (as nitrate)

for fathead minnows in hard water (400 mg/l CacO,, total alkalinity of

FO



360 mg/1, and pH of 8.2). For bluegill they cbtained 96-hour ICq, 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 LCSO 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 mg/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 ma/1,

alkalinity of 185 to 230 mg/l, and pH of 7.8 to 8.2.

Slonim and Slonim (1973) studied the influence of water hardness
on the toxicity of beryllium sulfate to the common guppy, Poecilia
reticulata, by simultaneously conducting static bicassays at 400, 275,
150, and 22 mg/1 hardness as €aC03. Thejéﬁahour LC5p values were
20.0, 13.7, 6.1, and 0.16 mg/f, reSpectine1j. In a water hardness of
22 mg/1, 80 percent of the test fish survived 0.1 mg/1 berylTlium

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

,:_water hardness of 150 mg/!, 70 percent surv1ved Srmg/l bery111um for

96 hours and 100 percent survived 2.5 mg/1 bery111um

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

. the toxicity of bery111um su]fate to two species of salamander larvae

by conducting static bioassays at‘hardnessr}evels 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 beryl11um throughout the exposure per1od whereas

there was a s1gn1f1cant dec11ne in surv1va1 with t1me in soft water.

al!



P R YN T

The 96-hour LCgq values were 26.3 mg/1 beryllium in hard water, and
4.7 mg/1 beryllium in soft water.

Based on the fafhead minnoﬁ and bluegill data of Tarzwell and
Henderson {1960), the observatiaﬁs 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/1 bery1T§um in hard. fresh water, This value |
assumes an app11cat1on factcr af 0 1 of the 96 hour LC50 value‘for '
fathead minnows. For soft fresh water, in view of the reported approx1-
mate 100-fold increase in acute f1sh toxicity over that found in hard
water, the cr1ter1on for the protect1on of aquat1c bicta 1s set at 0. 011

mg/1 beryliium.

Beryllium has been reported to be concentrated 1000 times in
marine organisms (Goldberg, et al., 1971)." The average concentration
factors for marine benthic algae, phytoplankton, and zooplanktbn also
have been reported a$ 110, 1000, and 15 mg}i, réspective1y}(Lowman,
gj_gl,, 1971). Riley and Roth (1971) reported levels of 1.1 to 18 mg/1
beryllium for various species of marine algae. The 96-hour Tlm value
for beryllium resuiting from tests performed on the killifish, Fundulus
heteraclitus, was 41 mg/1 (Jackim, et al., 1970). These data do not

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

Beryllium has been shown to inhibit photosynthesis in terrestrial .

‘plants {Bollard and Butler, 1966), and to be toxic to some varieties

N



of citrus seedlings at 2.5 mg/1 beryllium (Haas, 1932). Romney, et al. (1962)
found that beryllium at 0.5 mg/1 in 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.yields, suggesting that beryllium in calcareous soils might
be less active than in acid soils. Williams and LeRiche (1968} found
that bery11ium'at-2 mg/] in ndtrient 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
ber.fllium in irrigation waters are 0.10 mg/1l for use con 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. Boron'salts are used in fire
retardants, the production of glass, leather tanning and finishing
industries, cosmetics, phbtograbhic materials; 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:
Boren is an essential element for growth of p1ants-but there is

no evidence that it is required by animals. The ﬁaximﬁm'conéentfatibn
found in 1,546 samples of river and lake waters from various-parts of the
United States 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 1n'§ea water is keported as 4.5 mg/1
in the form of borate (NAS, 1974). Natpré]]y'occurring concentrations |

of boron should have no effects on aquatic life.

The minimmm Iethél doée for minnows exposed to boric acid at 20° C
for 6 hours was repovted 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 Deviaminck,
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 ,and. _wmf,'wsa).

Sens1t1ve crops have shown tox1c effects at 1000 ug/} or 1ess
of boron (Richards, 1954). Bradford (1966), 1n a review of boron 7
def1¢1enc1es and toxicities, stated that when the boron concentrat1on
in irrigation waters was greater than 0. 75 mg/1 -some sensitive plants

such as c¢itrus began to show injury. Biggar and Fifeman (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/l is thought. to protect

sensitive crops during long-term irrigation.
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10 ug/l'for domestic water supply (health).
Aguatic Life:
Fresh Water
Soft Water* Hard Water» |
0.4 ug/l 1.2 ug/l for cladocerans and salmanid fishes:
4.0 ug/l 12.0 ug/i .for' other. less sensitive. aquati.c tife,

Marine

5.0 wg/1

INTROCUCTION

Cadmium is a sofﬁ, vhite, easily fusible metal similar to zinc ard _
lead in many properties and readily soluble in mineral acids. Biclogically,
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 throughout 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 etiological factor for various himan
pathological processes iﬁcluding testicular tunors, renal dysfunction,
hypertension, arteriosclerosis, growth inhibition, chrenic diseases of
old age, and cancer.

*See Crite;ia for Hardness (p. 147). ‘The 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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Cadmiup occurs in nature chiefly as a sulfide salt, frequently in
asscciation with zinc and lead ores. Accumilations 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 resalted
in groundwater cadm:.mn concentrations of 0.01 to 3.2 mg/l (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 cadmium was found in less than 3 percent of 1,577 water samples

' examined for the United States, with a mean of slightly wnder 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).

RATICNALE:
Cadmmnhasbeenshcmtobetonctomanwhenmgestedormhaled.

_Exposure by the former route causes symptmus resexrbl:.ng foed poisoning.

X group of school c.h:.ldren became inl after eating popsmles contammg
13 to 15 ng/l cadmlum (Frant and Kleeman, 1941), and this level, equivalent
tol3to30mgofca¢m.mn:.ngested, ommnly:.s cons1deredtheemetlc
threshold concentration.

In a specially designed study, five groups of rats were exposed to
drinking water contamz.ng cadmm concentratlons of 0.1 rng/l to
10 mg/1. Although no visible tox.a: effects were noted, the ccmtent
of cadmmn in the kz.dney and liver J.ncreased in d:.rect eroportion

)
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to the dose at all levels of exposure. At the end of one year, tissue
concentrations were approximately double those found after six months
(Ginn and Volker, 1944). Later work confimmed that virtually no absorbed
cadmium was eliminated (Decker, et al., 1958).

Drinking water containing excessive cadmium led to the occurrence
of itai-itai disease among the Japanese (Kobayashi, 1970). within 15
years 200 cases of this disease were record& :Ln the Jintsu RJ.ve.r Valley,
half of which resulted in death. The disease is characterized by |

- rheumatic symptoms with intense pa:.nm the bones caused by a loss of

bone minerals with the bones beccming as 'fle.:d.ble as soft tissues. Yamagata
and Shigematsu (1970) estimated that a da:.ly intake of 600 ug cadmium wou.ld

not produce itai~ital disease in an endemic area.

Studies in animals (Ferm, et al., 1969; Chernoff, 1973) as well as
chservations :Ln human fetuses (Chaube, et al., 1973; and Fribery, et al.,
1974) indicate that the placenta is not a complete barrier against the
transfer of cadmium. About 6 percent of the cadmium that enters the
stamach 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 (EPA, In Press). Presently there are no known physiological

" needs forcadmitﬁnandnonechanismbywhichthebodymaintainscaﬁmimnat

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 cadmium accumilated in ‘the kidneys reaches
a critical concentration. While the critical concentration varies frem
one individual to another, the threshold of cbserved effect is about 200 prm

of cadmium 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 exceed 20 ug from water, assuming a
2-liter d:aily consuamption. The daily intake from other sources i.s up to
60 ug in the population of the United States (Schroeder, et al., 1961).

_Pidcerizig_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/1 hardness, 157 mg/1 alkalinity, and

7.7 pH. Five cadmium concentrations from 4 to 350 ug/l were delivered

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

A concentration of 57 ug/1 cadmium decreased survivai of developing embryos.
At levels frem 4.5 to 37 g/l no adverse effect on survival, growth, or
reproduction was fcmnd Eaton (1974b) exposed bluegill sun“‘:LsH, Lepanis
-macroclurus, to Five caﬁmmn conmtrat:.ms ranging from 31 to 2,140 ug/1
for 11 nmths J.n a flow—tlmugh system usmg watsr of the same hardness as
above. Nine of the 18 adult bluegill sunfish exposed to 80 ug/l died

by the end of the test, while all of those exposed to 31 ug/l and the
ccmtrol survived. Although at 80 ug/1 cadnumn the hatchabn.l:.ty of eggs

was not neasurably a.ffected, the su.rv:.val and growth of the resulting

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

' cadmun 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 chosen to protect non-salmonid freshwater
fish species. No data are available upcm which to base an acceptable
concentration for the chronic exposure of sensitive vertebrates or
invertebrates in hard water, therefore a criterion is proposed wiich
is reduced from the less sensitive aquatic life value by the same
factor {0.1) as the criterion for soft water, i.e. 1.2 uy/l for salronids
énd invertebrates. -

Spehar (1974) reported on chronic toxicity tests with cadmium using
a topminnow native to Florida in water with a hardness of 41 to 45 mg/?
as CaC0,, alkalinity of 38 to 43 ng/1, and a pH of 7.4 There vas a
significant redyction in the number of eggs produced per female .at
8.1 ug/1-cadmium, but fish in 4.1 hg/i- -\_f:ere_unaffected._ A criterion of
4.0 ug/1 cadmium is selected a.s. offer{_ng p}'otection to warnf .watér fish

species in soft water.

'Ihree consecut.we ger:xe.rat:s.ons of brook trout, Salvelmus fontinalis,

were exposed to cadmium concaatrat:.ons rang:.r,:g from 6. 4 ug/l to 0.5 ug/l
in a test water of similar hardness (Benoit, et al., In Press) . Second .
generation fish exposed to 6.4 and 3.4 ug/l cadnium vere smaller at thres
mnths than fish e}q:osec‘l to lwer concentratz.ons Both first and second

. generation fish suffered exl:enszve mrtallta.es ‘daring spawning in- 3.4 ug/l

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

brown trout, Salmo trutta; lake trout, Salvelinus namaycush: northern pike, i \._/

Esox lucius; white suckers, Catastomis commersoni; smallmouth bass, _
Micropterus dolamieui; and coho sa]:ron, mcbrhynchus. kisutch, were exposed

t0 cadmium concentrations ranging from 0.4 to 100 ug/l in soft water, all
suffered a reduction in standing crop at 12 pg/l. Standirig crop survival o
times and weights were virtually equal among the four species when exposed e
to 4 ug/l; 1.2 ug/l was the highest cadmium concentration not caus:'.mj |
a reduction among the other three salmonid Specz.es after 30 to 120 days
of exposure (Eaton, 1974a).

Tests in water with 23 mg/l hardness, 18 mg/l alkallm.ty, and a pH
of 7.3 in a flow-through system :.ndmated a 96—hour LCSO of 2.0 ug/l for
the initial feeding stage of clu.nook saltmn, Oncorhynchus tshawtscha,

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

criterion of 0.4 ug/l for cadmium is believed to offer protection’ 6 the
cladocerans and salmonids in soft water (Eaton, 1974a)

Anderson, et al., (1975) ~» determined the 10-day IC50 for
the midge Tanytarsus dissimilis to be 3.4 ug/1 in a flow-through system, soft

water (48 mg/l) bicassay involving at least one molt, A concentration
of 3.1 ug/l retarded growth but 1.9 ug/1l 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/l, and a pH of 7.7. It was found that s



30 pexcent of the daphnids exposed to cadmium concentrations of 5 ug/l

were killed in three weeks., The production of young was reduced by

50 percent compared to the controls in a cadmium concentration of 0.7 ug/lL.
Several invertebrate species have been found much less sensitive to

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

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

water that ig identical to that for salmonids.

Steward and Pesche, as reported by Eisler (1974), stated that for
grass shrimp, Palaemonetes 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 in a 120 ug/1 solution. I.n 63 days, 40 percent died

in a 60 yg/1 cadmium solution, -All 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 and
20 mg/l alkalinity. The 96~hour IC25 was 180 ug/l for the hermit

crab, Pagurus longicarpus, and the grass shrimp, Palaemonetes vulgaris,

and 80 ug/l for the sand shrimp, Crangon septemspinosza.

Zarcogian, as reported by Eisler (1974f), states that adult oysters,
Crassostred virginica, exposed to 10 ug/l cadmium between April

1973 and August 1973 accumalated 18,000 ug/kg of cadmixm in wet whole
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meat, which exceeds the human emetic threshold of 13,000. to 15,000 ug/kg.
Oysters retained virtually all of the accumilated cadmium for at least
several nonths and some histopathology was evident. Under natural
conditions, significantly greater mmbers of larvae from caﬁiun—stressed
oysters failed to develop when comparad to controls after 48 or 72 howrs.
A criterion of one-half of the level at which oysters accumilate cadmium
in excess of the human emetic threshold (i.e. 5 ug/1l} is believed to
provide protection for consumers of oysters. '

Data by Page, et al. (In Press), show that the yield of beans, beets,
and turnips was reduced about 25 percent by 0.10 mg/1l cadmium in nutrient
solutions; whereas cabbage and barley y:.elds decreased 20 to 50 percent
at 1.0 mg/1.

vamagata and Shigematsu (1970) have demonstrated that foods cultured
o cadmiwrpolluted soils irrigated with cadmium~-polluted water can
accumalate sufficient cadmium to be hazardous to humens who consume these
foods. Chaney (1973) suggests that it is not the cadmium concentration
ESr e in the soil that determines cadnimacmmﬂationbyplantsmﬁ
that as long as the ratio of zinc to cadmium is 100 or greater, foods
will not accumilate hazardous concentrations of cadmium, The subject is
caplex and additional research is needed to resolve potential hazards
associated with the cadmium-zinc-soil-plant system,

=]
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Figh and certain invertebrates have been fourd to be sensitive to
low levels of cadmium in water. Salmonids and cladocerans aprear to
ke the most sensitive among organisms tested. Increased havdress and/ox
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 muscle. ‘he
criteria necessary to protect fish and other aguatic life are more stringent
than those necessary to protect a public water supply or other uses. Laia

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

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

do not approximate the experimental cdnditions,
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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

61
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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 chlorine for bleaching operations or to control organisms that

grow in cooling water systems.

RATIONALE:

Chiorine, in the frée avaiiab]e form feacts'readiiy with_, .

nitrogenous organic materiais to form chioramines These compounds

. -are toxic to fish. Ch]oramines have been shown te be s1ightly less

toxic to fish .than free chiorine,.but,their-toxicity-1s~considergd

‘to be close enough to free.ch}oringithatjdiffergntiatioﬁ,is not

warranted (Merkens, 1958). Since the addition of chlorine or hypochlorites

to water containing nitrogehous materials rapidly forms chloramines,

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

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

of tota] residua] chiorine, which is the amount of free o |

ch]orine plus chloramines The persistence of chioramines is dependent Jﬂ\_,/
on the availability of material with a 1ower oxidation~ reduction

potential.

In field studies in Maryland and Virginia, Tsai (1973) observed
that downstream from piant§ discharging chlorinated sewage effluents,
the total numbers of fish species were drastically reduced with the
stream bottom clear of aquatic organisms characteristically pre;ent
in unchlorinated wastewater discharges. No fish were found in water

with a chlorine residual above 0.37 mg/1 and the species diversity - i T
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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 mag/l. OF the 45 5 anias

of fish ohserved in the study'arﬁas, the broog Trous o orors o

were the most sensitive and were not found at rasidual ~Moping levals
above about 0.092 mg/1. In studies of caged fish plazed in waisrs
dowastieam from chivrinated wastewater dischargns, ™t #1207 ta verart-
MENL S0 Rawdrul Resvuirces ViB71) repseted taay su Bercert 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 01.3 wm) dovinstrenn

from the outfail.

Stud1es deschbed by Brungs (]973) indicate that ss]mhnldq ars

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

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

The 7-day LCSO 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 0.00] mg/1 (Sprague and
Drury, 7969) Dandy (1972) demonstrated that brook trout had a mean

'surv1vu1 t1me of 9 hours at 0.35 mg/1, 18 hours &t 0.05 ma/1 and 8

hours qt 0.04 mg/1, with mortality of 67 percent after 4 days at 0.07
mg/1. Pike (1571) obsekved a 50 percent brown trout mort: a '

0.02 mg/1 within 10.5 hours and 0,01 mg/T with 43.5 hours.

The wange 0? acutely .,Lhai residual chlorine cuncortrat-ons is

narrew o varioys species of wavin water fish., Arthur £187.) determined



“Michigan treatment plants, Z1111ch (1972) found that an average concen-

'concentrat1ons as Tow as 0.07 mg/] caused some mortalities. Pyle (1960)

46-hour Lcso values for the wa11eye, black bulihead, white sucker,
ye?low-perch,'largemouth bass, and the fathéad minnow.  The observed

concentration range was 0.09 to 0.30 mg/1.

Using fathead m1nnows in a cont1nuous b10assay technique at

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

'Tdemonstrated a 50 percent morta11ty of sma1]mouth bass exposed to 0.5

mg/1 within lS‘hours. The mean 96 hour LC50 va]ue for golden: sh1ners '

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

with fathead minnows and the freshWater crustacean, Gammarus,pseudo11mnaeus;,.
in dilute wastewater, found that'tne'QG-hounfLC50 of total residual

chlorine for Gammarus was 0.22 mg/1ﬂand that all fathead minnows were

‘dead after 72 hours at 0.15 mg/1 At concentrations of .09 mg/1,'a11

fish surv1ved until the seventh day when the first death occurred In . _
exposure to 0.05 mg/} residual chlorine, these 1nvestigators found : ' N
reduced survival of Gammarus and at 0.0034 mg/] there was reduced

reproduction. Growth and surv1va] of fathead minnows after 21 weeks

 were not affected by continuous exposure to 0.043 mg/l-residua1 ch]orine.,-

The hxghest Ieve] showing no s1gn1f1cant effect was 0.016 mg/] Nerking

with secondary wastewater effiuent, 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 -

young Pacific salmon exposed for 23 days {Ho11and, 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 my)
chlorine. Studies cn the affnct aF rasidual ehloniia sy maaine
phytoplankton indicate that continuous axposurs o 2.19 a1 wadyepd
primary production by 70 percent while 0.2 mg/1 fer 1.5 heurs veduced

primary production ny 25 percent (Carpenter, et el 157Z). Lausratory

studizs on ten species of marine phytoplankion indicene wou 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 0.07 10

-.0.05 mg/1 and react by reducing pumping activity. At chlorine concen-

~ trations of ‘1.0 mg/1, éffec;iye pumping could not be maintained (Galtsoff,

1946).

Ch]oriné réSiﬂdais.éf id.ugll 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 k11]ed in chlor1ne residuals of & ug/1,
The cr1ter1on of'z ug/] ch1or1ne shouid afford protection to this group
of fish when exposed on a continuing.basis. _Cons1éerznq pha data
presenfed-above, a critéribﬁ-df.fﬂ ug/¥~shou]d afford protectinn to

other freshwater flsh and marine aquatlc life (Brungs, In Praga) . Brunos

Sl p
(1973) reported that aquatlc organlsms may tolerate short-bzm exposiure
to higher levels of fESLdLal chlorlne than the concernt shims aish have

adverse chronic effécts "Basch and T&ixﬁunx (In Prags: uve

sl Hhat

repeated dally exposure at thesn levels will have tewie effecin on aguatic

" life,
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CHROMIUM
CRITERIA:
50 ug/1 for domestic water supply (healzh):
100 ug/1 for freshwater aguetic iife
INTRODUCTION:

Chremium is the seventeenth most abundant nengaseous elemert 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 (MAS, 1974a).

thhough chromium has oxidation states ranging from Cr~2 tp er*, the
trivalent form most commonly is found in nature, Chromium is Found

rarely in naturaT'Waters, ranking twenty-seventh or lowar amony the

. elements in seawater and generally is well below 1 ug/l. Kopp (1969)

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

of 780 samp]es found that none conta1ned over 50 ug/1 of hexavalent

.chromium and 11 conta1ned over’ 5 ug/T Chrom1um is found in air, soil,

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

trace element for humans (NAS, 19?4a)

RATIONALE:

The earliest consequences of mild chromium deficiency in experimental
animals is a reduced sensitivity of peripheral tissues to 3nsuT1n, more

severe deficiency in rats and m1ce resu?ta in fast1ng hyperglycem1q
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glycosuria, and miid'growth retardation that is probably due, at least
in part, to reduced insulin activation. G]ucose intolerance is a common

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

The biological activity of chromium, i;e.; its effeét as an essentic
metal, is restricted to its trivalent state, Cr3*,‘ The tr3¥ ion forms
complexes that are stable at or be]ow'pH 4; but Which_readily hydroiyze'
at "high" pH values; resulting in-the formation of bolynﬁcleate.bfidge
complexes, At the normal pH of blood, Craf exists in large, insd]ub]e.
macro-mdlecules'which précipitaté and become bioiogical1y.inert; Cr3+
must therefore be ﬁupp]ied as a Eomp]ex of suitable stability in order.

to be utilized.

_ Because pf the present inadequacy_of khow1edge about the forms and
biological availability 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 since 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 vakious 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'5 to 100 ug (WHO, 1973);

it seems unlikely that any Cr3* ingested via public drinking water would

be appreciably assimilated.

4



No harmful effects were observed when food or water containing
moderate amounts of Cro% was administered %o laboratory aninals, e.g9.,
cats that were fed chroﬁic phosphate cr oxydicarbenats at 50 to 0600
mg/day for 80 days, or rats drinking water containing 25 mg/1 for a year

or 5 mg/1 throughout their Tives (NAS, 1974a).

Hexavalent chromium, on the cther hand, i3z irritating awi corrosive
to the mucous membranes; 1t is absorbad via ingestion, through the skin,
and by inhalation, and is toxic when introducéd into laboratory anfmaTs
systemically (NAS, 19743). Knowledge of the harmful human heaith
-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 complications and ~

skin effects have been observed.

Symptoms of exéessive dietary intake of chromium in man ars unknown,
and chromium deficfency is of greater nutritional concern than over-
exposure. Chromium is the only e1ement whose tissue'concentvation
appears to dec11ne w1th increasxng age in. the u.s. popu1at10n, lung
concentrat1ons do not dec]ine thh age, suggest1ng ‘that lung chromiem is

not in. equilibrium with that_1n the rest of the_body {NAS, 1974a).

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

correiations were found for chrom1um. It should be enphasized that

" these data are not conclus:we.

gl
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The U.S. Public Health Service Drinking Water Standard.(USPHS, _
1962) states that the presence of hexavalent chromium in excess of 0.05 { N

mg/1 shall constitute grounds for:rejection 6f the supply, and no harmfuyl

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, Targely on the basis that 11fetime_to1erable Ievg1slof | e
chromate ion are not known for man. There are insufficient data on the |
effect of the defined treatmént processron chromate chromium;remova1.

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

'because the hyﬁrated oxide is very;spéringTy soluble.

""" A family of four individuals is known to have drunk water for ,
2 period of 3 years at a chromium level of 0.45 m§/1 without known
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 - "\\_7/

. 1ons to rats at various drinking water levels. After one year at levels

of 0.45 to 25 mg/1, this study showed no evidence of toxic response
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 KECrZOY/kg enhances the secretory and motor

activity of the dog intestine.

LH

T



From these and other studies (Gross and Heller, 1946; Brard, 1935;
CLomn, et al., 1932; Schroeder, et al., 1963; Schroeder, et gl., 195%a),
1t appears that a concentration of 50 vg/ 1 of chromium in domestic water
supply incorporates a reasonéb1e safety factor to zvoid any hazard to

human health.

In addition, the possibility of dﬂfmds aifaces Treoam batpivg 10
water containing 50 ug/1 chromium would }ikewisa appear remote, aithough
chromium is recognized as a potent skin sensitizer. Domestic water

supplies shouild, therefore, contain no more than 50 ug/1 totail chromium,

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

B 1nvertebrates are quite sensvt1ve Tox1c1ty varies with speciss, chrom1um
- oxrdation-state,-and pH Pickering and Hendersan (1965! conducted
-:_;stat1c b1oassays wwth four warm water f?Sh species; fathead minnows,

. Pimephaies prumelas, blueg111 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-Eour LCSO values

. for hexava1ent_thomium_ranging from_17.6 mg/1 for fathead minnows to

118 mg/1 ‘for bluegills hard water (hardriess - 360 mg/1; alkalinity -
300 mg/1; pH - 8,2) 95-hour.LC50,va1ues_fpr hexavalent chromium ranging
from 27.3 mg/1 for fathead,minnows to 133 mg/1 for bluegill. ‘Their Sé-hour

LC50 trivalent chromium Va1ues'(chromium'potéSsium sulfate) ranged from

3.33 mg/1 for guppies to 7.46 mg/T.for bluegill in soft water. Tha

LC50 for fathead minnows exposed to potassium chromate in soft water

was 45.6 mg/1.

3
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Pickering (NAS, 1974) found 96~hour IC_. and safe hexavalent

50
chromium concentrations of 33 mg/l and 1.0 mg/l, respectively, for fathea&

minnows in hard water. Pickering's Cr3+ data for fathead minnows in T \./ |
hard water showed a 96-hour mso c_:f 27 g/l and a safe conc_ent::ation of : v
1.0 mg/l. Benoit (In Presk) cbtained soft water (45 mg/l haréness) 96- - o
hour 1;:50 and safe hexavalent chromium values of 59 mg/l andl 0.2 my/1,

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

e

respectively for rainbow trout, Salmo gairdneri.

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

Oncorhynchus kisutch, alevins and juveniles to be significently reduced

at hexavalest chromium concentrations 'of 0.2 mg/1. ‘He saw no detrmental

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

Beisingex and Christensen (1972) reported a 16 percent reproductive

impairment in Daphnia macna in soft water (45 mg/l as Cacos) ata

- concentration of 0.33 mg/1 of trivalent chromium.

The data available indicate hexavalent chramiim to be somewhat more _ g
toxic than trivalent chravium in the case of chinook salmon, and since
significant effects were seen on fish at 0.2 my/l of hexavalent chramium

a recommended criterion of 0.10 mg/l should provide adequate protectn.on ‘

.for both frestvater invertebrates and fish.

I_mman, et al. (1971) reported marine chromium concentration factors
of 1,600 in benthic algae, 2,300 in phytoplarﬂ:ton; 1,200 in zooplankton,
440 in molluscan soft parts, and 70 in fish muscle. |

=



Raymont and Shields (1964) reported chromium threshold toxicity

1evels of 5 mg/1 for small prawns, Leandsr squilla, 20 mg/1 {(a= NaECrﬂé)

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

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

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

a waek.

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

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

jreduced photQSynfhesis by 50 percent in the giant kalp, Macrocystis

pyrifera, ddr{ng*4~daysiof exposure,

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

aquatic forms to chromium, the freshwater';riterion shcu?d'protect

~marine populations. .

e



P e b b

?

REFERENCES CITED

| N
Benoit, D.A., 1976. Toxic effects of_'_hekévaient_chmiﬁn on brook |

trout (Salvelinus fontinalis) and::ainbow trout (Salmo gairdneri)

Water Research, (In Press).

Berg, J.W. and F. Burbank, 1972. Corre}ations between carcinogehic trace

metals in water sUpplies andléancer mortality. Ann. N.Y. Acad. Sci..
| 199: 249, ‘

Bzesxnger K.E. and G. M Christensen. 1972 Effécts of various: metais on

surv1va1 growth reproduction and metabo1ism of Daghn1 magna.
Jour Fish Res. Bd. of Canada, 29 1691.

Brard, D., 1935. Toxicological study of certain chromium derivatives.

~IL. J. Pharm. Chem., 21: 5.

Clendenning, K.A. and W.J. North, 1960. Effect of wéstes on the giant kelp,

Macrocystis pyrifera. Proc, 1st Int'l. Conf on waste D1sposa1 in the " -

Marine Environment. Pergamon Press, New York, p. 82,

Conn, L.M., et al., 1932. Chromium-tdxicology. Absorption of chromium by the

rat when milk containing chromium was fed. Amer.-Jour. Hyg., 15:760.

Davids, H.W. and M. Lieber, 1951. Underground water contamination by

chromium wastes. Water and Sewage Works, 98: 528.

Doudoroff, P. and M. Katz, 1953. Critical review of literature on the'toxicity

of industrial wastes and their components on fish. The Metals as Salts.

Sew. and Ind. Wastes, 25:802.

e

7[-.0 - S



Durum, W.H., et al., 1871. Reconnaissance of selected minor elements in
surface waters of the United States, October 1870. U.5. CGeological Survey

Circular 643, Wash., D.C. U.S. Geological Survey.

Gooding, D., 1954, Pollution research, toxicity studies. Sixty-fourth Annual

Report, Washington State Department of Fish, Olympia, Washingtoan.

Gross, W.G. and V.G, Heller, 1946. Chromates in animat nuteition.

Jour. Ind. Hyg. Toxicol., 28:52.

Holland, G.A., et al., 1960. Toxic effects of organic and inorganic
pollutants on young salmon and trout. Washington Depariment of Fish

Res. Bull. No. 5. Seattle, Washington,

Koﬁp, JIF' 1969 The occurrence of trace. e]ements in water, In: D.0. Hemphill,
Ed. . Trace Substances in Envxronmental Heaith - 1. Proc. Univ. of
Hissouri's 3rd Annual Conference on Trace Substances in Environmental

. Health. Univ. of Missouri, Columbia, p. 59.

" Kopp, J}F:'aﬁd”R C. Kroneb,-196? " Trace metals in waters of the Unitad

'States : U S Department of the Interwor Federal Nater PoT]ut1on Control

Adm1n1strat1on Cinc1nnat1, 0h1o

 Lownan, FrG’. et“al 1971 'Accemulatioﬁ"&&é*Fedéétkibution of radionuclides

Natwonal Academy_af Sc1ences. Nash., D.C._p‘ 161.

MacKenzie, R.D., et al., 1958, Chronic toxicify'etudies. II: Hexavalent
andrtrivaient chromium administered in drinking water to rats. A.M.A.

Archives of Industrial Health, 18: 232.

" National Academy of Sciénces;_Nationel Academy of Engineering, 1974. Watex

guality crlterla, 1972 U.S. Goverrment Printing Office, Washington,

D.C.

“fr7



O e W YR e

Naticnal Academy of Sciences, 1974a. Chramium. U.S. Goverrment Printing
Office, Washington, D.C. _ . o gkxﬁﬁ,z’.

Kaumova, M.K., 1965, Changes in the secretory and motor funct1ons of the
intestine following adnanistration of potass1um d1chromate f L S

Big. Tr. Prof. Zabol., §: 52

- Olson, P.2., 1958. Conparative toxicity of Cr(VI) and Cr(ITI) in ’ | ST

salmon. Hanford Biology Research Annual Report for 1957,
January 10, 1958. HW~—53500, p. 215, '

Pickering, Q.H., and C. Henderson, 1966.,.Theracuté toxicity of some heavy.
metals to different species of warm water fishes. Int'1. Jour,

Air-Hater Pollution, 10: 453.

Raymont, J.E.G., and J. Shieidé, 1964. Toxicity of copper and chrom1un in
the marine environment, In E.A. Pearson, Ed Advances dn Hater
Pollution Research, Proc. 1st Int'I.'Conf. Macmillan Co., New York,

Vol. 3, p. 275,

Schroeder, H.A., et al., 1963. Effects of chromium, cadmium éhd 6tﬁer trace

metals on the growth and survival of mice. "Jour. Nutrition, 80:39.,

Schroeder, H.A., et al., 1963a. Effects of chromium, cadmium and lead on the

growth and survival of rats. Jour. Nutrition, 80:48.

EY
S

Schroeder, H.A., 1970. Chromium. Air Quality Monograph #70-15. American
Petroleum Institute, Wash., D.C. '

USPHS, 1962. Public Health Service Drinking Water Standards (rev. 1962).
PHS Publication 956, Wash., D.C..

#WHO, 1973. Chromium, In: Trace Elements in Human Rutrition. World Health:

Organization Technical Report Series No. 532. Geneva, p. 20.

7 ' e



N FECAL COLIFNRM BACTERIA

CRITERION:S

Bathing Waters

Baged cn a minimm of not less than five sameles token over
a 30-day pericd, the fecal coliform bacterial level should not excesd
a lcg mean of 200 per 100 ml, nor should more than 10 percent of the

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

Shell1fish 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 m1 for the taking of
shellfish. |

INTRODUCTION:

_ It was recognized gven before the micrcbia? etiology of
disease was known, that water can serve as a medium for the
transfpr.of'disease. iThe,cause-effec;'re1at1onship of disease
transmission aﬁd spééificffeca11y-as§ociated microbes was
- in1tfa11y defined by”Voh Fritsch ih iééo; when.he'identified

Klebsiella spp. in human feces. Further confirmation of the

M
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identify environmental changes; to qUantify‘po11ution 1eVe1s; or

relationship between fecally-assocfated microbes and potential

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

Guarrafa, 1972)., Since these early bbservat1ons,_the role of
biological indicator organisms in defining:wéter-q&ality‘has

become essential and addressés three categories generally: to

‘to be used in laboratories to study under controlled condftions

phenomena which could be extrapolated to the environment (Butler,

et al., 1972),

Microbiological indicators have been used to determine or

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

harvesting. As our know]edge concerning microb1qlogy_has

increased, so has our understanding of the complex
fnterrelationship of the various organisms with disease. .Virusgs i\\,/
causing a number of diséases and non-fecally associated bacteréa h

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

| isolated from water (Bonde, 19745 Scarpino, 1974), Thé

relationship between numbers of specific diseasé causfng

organisms in water and the potential for transmission of disease
remains elusive since the number of organ{sms’required to cause
disease varies depending upon the organism, the host, and

the manner in which the bacteria and host fnteract. 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



disease; however, in other instances the mmbers of bacteria
necessary to cause an illress may be uw o 106 to 107 or even m;rA
viable organismg. The use to which water is put (j.e., Swinting

or dx:nk;ng) the type of water, (marine or fresh), and the geographical
location are al] factors to pe weighed in determining safe micro-
biological critaria,

Ideally, a microbiological indicator erganism should Tulsily
ail of the following criterfa: (1) 1%t shau?d be applicadle te all
types of water, -(2) {1t should bhe present whenever pathogens are
present with a survival time equal to that of the hardiest
enteric pathoqen. and {3} the indicator should not reproduce in
contaminated waters thus resulting 1n 1nf1&ted vaiues (Scarpinc.

1974), Unfortunate1y, no suck 1nd1cator organisms are kﬁowna

._....:3

Use has been made of coliform or fecal coliform: bacterla as indicatow:

Bactéfia ofgfﬁe co!iform group are consfdered the primary
1nd1cators of fecal contamfnation and are one: 0f ~the most
frequently appiied 1nd1cators of water qua?fty. The coliform
group ts made up of a number of. bacteria 1nc]ud1ng the genera

Klebs!e11a, Escherichia, Serratia hrw1n1a and Enterobactoria

Totad co]iform bacteria are al} gram negative asporoganous rcds

and have been associated with feces of wanﬁﬂsodaiannmﬁs

3l
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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 pol]ution‘(Bonde,
1966). Howevér, the methods for its idenfification require
time, complex biochemical reactions, and expefienced 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 multiply in
the aquatic environment and are serologically characteristic.
However, there are numerous biotypes, and no good standard-

ized method is available for biochemical testing. Such
methodology is essential since identification is based primarily

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

potential indicators of fecal pollution. Clostridium

perfringens, an anaerobic spore former, has been associated

frequently with sewage pollution. However, in a suspension of¥f

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 Cl. periringens are

resfstant and will vegetate upon culturing, hence it would bhe

difficult to associate their presence with recent poliution.

Presence of microorganisms other than fecal coliform bacteria may
also be indicative of water quality; however, the strict
correlation between a pollutant problem other than fecal
pollution and the numbers of the indicator organism is not always
ctear. The pseudomonads thét are comprised of numerous froe
living saprophytes found in both fresh and marine waters have
only one of its members as a known pathogem Pseudomanas
aerugingsa, which may be én indicator of PoT]ution from the
presence of warm-blooded animals jRingem and Drake, 1852; Tavior,
1968; Reitler and Se]igaman. 1957), . While the number of P.
aeruginosa in sewage usually is quite Iow_énd ocecurs 1oo
sporadically to be of value as an indicator organism for fecal
poil&tion (Bonde,'19?4}, tﬁis organism may be an indicator of

human poellution other than fecal,

B



P e W I e

Bacterial pathogens, which occur in bathing waters:

 and may cause disease even when not ingested are Klebsielila AN

pneumenise and Pseudomonas aeruginosa.

RATIONALE:

Bathing Waters

Pollution of aquatic systems by the excreta of warmblooded
animals creates public health problems for man and animals and
potential disease problems for-aqua%ic 11fe. It 1s known that

enteric microbial pathoqens may inhabit the gutlof most
warmblooded animals and are ﬂwﬁ:uaﬁaﬁs The presence of

"bacterfa1. viral, protozoan, and possib1y funan species which

o are either pathogens for or possess the potentia] to infect man '\"/

and other organisms fs indicated hy the presence of.the fecal
coliform group of bacteria. Thus, the number of fecal coliforms
present is indicative of the deqree of health risk associated
with using the water for drinking, swimming, or shellfish

harvesting.

_ Arguments against the use of fecal colfform bacteria to
define swimming quality in waters have noted the paucity of
epidemiolegical evidence 11nk1ng fecal coliform levels in bathing

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



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

Disease tmmumussumuv1aiim amxﬂux:xoute Jnchxhrg druﬂung

' water, recreatlonal water, and ‘seafood frcn!polluted water, has been

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

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

col;fbxnxgroups Addltlonal m&croblologlcal problems which can be

 antfc1pated by the presence of specific bacter1a or v1ru;as,

‘are recognized. Correlatmn between human pollution sources

- anhd the numbers and sxgn1f1cance of the m1crob1a] system in question remain elusive,
Neverthe]ess, as the relationships become c]ear additional criteria for water
quality will evolve. Berg (]974) has- shown- that Polic Virus I at a concentration

of 2 plaque forming units {(PFU), a standard means for measuring virus concentrat1ons

in t1ssue culture, will cause d1sease in 6’ percent of the unlnnoculated Ecpulatﬁcn

%5
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Howevek. the lack of epidemiological correlation between feca)
coliform levels in coastal swimming waters and the incidence of
disease may not have va]'ld-ity fn fresh waters and it does not

take into account non-reported diseases ‘which may

develop as an unrecognized result of sw1mm1ng in no11uted waters.-

Epidemiological evidence fs but one consideration in setting -/
microbiclogical criteria. The presence of fecal coliform |
bacter{a fndicates degradation of water qua1ity and a relative

risk of disease transmission.

In studies conducted in Lake Hi;higan-at Chicago, I11inois _ _
(Smith, et al.. 1951), fn'an inland river (Smith and Woolsey,

'1952) and in tidal waters at Long Isiand; New York (Smith and

Woolsey, 1961}, a statistically significant fncrease in the
1ncidenceruf:i11hess 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, 300 per 100 m] and 2,700 per 100 m1,
respectively. No relationship be;ween the total coliform Yevels
and swimming-related diseases was found at the ocean beach,

These studies demonstrated that an apprecifably higher overall

- i1Tness incidence may be expected amang swimmers 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 associfated with swimming in these

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

__\\M/



nose, and throat, &s well as intestinal aflments {Stevenson,

1953).,

Outbreaks of typhoid fever (Salmonelia Lyohi) have haen

associated with swimmers {n "heavily" poljuted beaches in western
Austraiia (Kovacs, 1953; Snow, 1959). In this fase, a sewer
outfall pipe was located one mile from the bathing beach whers
the typhoid outbreaks occurred and the sewer was overloaded
because of rapid population grdwth. Use of a 1oa mean of 200
fecal coliform bacteria per 100 m1, with the provicion that 10
percehi of the total samb?és during a thirtynday.perfod not .
exceed 400 fecal coliforms per 100 ml, allows for varfations fin
'environmenta1 condltions such as shifts in wind direct*on,'
current flow, and tidal f1uctuations. At levels above the 200
fecal'coliforms per 100 m1 the risk of exﬁosure to pathegenic
microbes fncreéases. Correlation between the fecal coliform level
and microbial-: pathogen leve1s 1s the 1mportant relationship,
isince the feca? coliforms themse1ves serve as an indicator of the
quality of water {in relation toqfeca?!y-aschiated microbial
pathogens., Direct deﬁonstr&tion of the ﬁicrcbia1_pathogens 15

not always feasible.

Detection‘of Salmonella has shown that in fecally polluted
marine waters the 1eVe1 ‘may vary between 1 and 1,000 per 1iter
(McCoy, 1964) Occurrences of viruses 1n ocean waters at levels

of 60 p]aque4form1ng~units {PFU) per Iiter have been found

kY,
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(Shuval, et al., 1971). It fs estimated that these values may
represent only 10 to 50 percent of the total viral pathogens
present because of the Iim1ted recovery eff1c1encv of the
methods used. Also, other viruses assoc1ated with feces may bhe

present but may not grow in the tissue culture systems used

Another important cehSideretion in defermining the safe
microbiological criterion iSTthe minimum dosage necessary to

infect a bather. As fewuas~3gte 5 organisms of S. typhosa have

been reported to cause 1nfection, whe_rea's._l x 105 to_l-x 107 cells .

for other Salmonella serotypes may .be required to produce

disease. Similarly, massive concentrations of cells of

_enteropathogenic E, coli have been reported necessary to produce

-infections in adult voTunteers.- AIteration ef gastric function

either by raising the pH in the stomach or by faciIitating

gastric emptying can reduce this dosage severa1 onkmscﬁ]mmnﬂmda

_Ramﬂn:dauafnunemxmnmmtsnuﬂia&ﬂz'wﬂumﬂxms:uﬂux¢e1matthe

infectious dose for Shigella flexnerd 2a {is less than 200 ce11$r

(Geldreich, 1974), Although enteric viruses are found in
relatively small numbers in po]iuted waters, their occﬁrrence
could be hazardous since the minimum infective dbee for humaﬁs
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 iInfective dose may be the same or higher,

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

pathogenic bacteria that cause ear, eve, nose, and throat ailments
{Galdreich, 1974).

Use of fecal colifcém bacteria as & single parameter forp
monitoring recreational water quality must uttimately relate to
~the probable occurrence of waterborne pathogens. Currently, the
only relationship which has been devaloped betwsen the fecal
: coliform 'iri'd‘lc‘ator and waterborne pathogens is that of
Salmgnella to_fecal_co1iform density Data which héve been
developed indicate a sharp increase in the frequenzy of
Salmonella detection when fecal coliform densities are above 200
organisms per 100 ml of freshwater. ‘'When there are over 200
fecal coliforms per 100 ml, Saimonella 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
interest”;b;invest1gatdr§ ofﬁshé?Tfish-wateré{; For this range, |
below 70 feéa1'cdlf¥bfﬁﬁrﬁér 100“51. only 6.7 percant of %he 184
Salmonella examinatioﬁs wére positive.‘ At-the'éno fecal colifornm
level, the 28.4 percent occurrence of Salmonella in estuarine
waters was éssent1a1iy,i&éﬁt1ca1 with data compiled from
freshﬁater anvironménts.. In poiiuted 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 in estuarine waters is lower than that in fresh waters.

In fresh watér,_SalmoneT]a were. recovered 85 to 98 percent of the
time, in the range of from 201 to 2.000'?9:&1 coliforms., The
lower value for isolation of Salmonella froﬁ estuarine watérs may 
be related to limitations of Sa1monella-methddo?ogy;(Geldreich,.
1972). It must be noted that any projection of the quaiité;ivg
recoveries of Salmonella into a comparison with fecai coliform
quantification has recognized”11m1tatdons. Such projections do

nevertheless suggest that the 200 fecal coliform per 100 m1 1imit

“for recreational waters is a . useful watgr.quatity value, -

Evaluation of the microbiologicaT suitability'for-marfne and

'”:fQésh watéfé~sﬁbu1d'be based*ppon'the fecal ;611form o

Tevels. As dgtermined'hy-either the multiple-tube fermentatian-”

for marine ﬁatef or_the membraﬁe'fi1ter method for freSh'wafer, -
and based upon a minimum.of not leés than five sampies taken

over not more than a 30-day period, the fecal coliform bacteriall

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

should more than 10 percent of total samp1es'dur1ng any 30-day
period exceed 400 per 100 ml. ' '

Shellfish

Shellfish, being filter feeders, require a high guality of

water in order to be microbiologically safe for human consumption.

Q
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as either 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 shallfigh feeding activity (Yan Donsel and
Geldreich, 1971; Metcalf and Stites, 1968). Once coneentration
of pathogens occurs, flushing of microorganisms will not
necessarily occur at the same rate (Janssen, 1974; Kelly anad
Arcisy, 1954), Because of the established relationship between
coliform levels and enteric pathogens, shellfish wateare

historically have been classified antme}xmiscﬁftoua'uﬂjfann'

leveis,

An attempt by thé National Shellfish Proéfam'has been.made to
correlate fecal coliform bacteria to enteric pathogens, Idaally,
any specific fecal coliform bacterial Timit for sheilfish should
~ be based on a_corrglgtjpn;with pathogenic occurrences in the
‘2quatic environment-and-wfth enideﬁ1o1egica1 evidence of
increased health risk among shellfish consumers.‘ However, thesse
data are not available and ta1cu1at10ns have been based on health
risks incurred through increased pathogen occurrence in watﬂrs oF
differing levels of fecal. contanination. Recent data in
ishe11f1sh growing waters have shown that Salmonella occurred in
4.7 percent of water samp1es havinq fecal coliform densitfes of 1
to 29 per 100 ml (Slanetz et al., 1974) Oysters qrowing in

these waters accumulated from 33 to 2200 fecal! coliform bacteria

Gy
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per 100 grams of shellfish meat, with Sa1mo.ne'l‘la occurrence at

6.1 percent,

Shellfish contamination is intensified ﬁmr by ﬂwnml '
accumulation of waterborne organisms in bottom s.ediments through
the action of sedimehtatidn. _Invesf1gation of‘both'the overlying
water and bottom sediments from 1akés and streams has ﬂﬁudﬂﬁa
a 100- to 1000-fold increase in fecal éo11fdrm densities #t'fhe
water-sediment 1hterface tVan Donse?_ahd Gefdreich. 19715; |
Enteric viruses (Coxsackie B3) tn the bottom sediment of
she11f1shwgrowiﬁg'uaters along the New Hahpsh1re éstuary have
been found when the fecal co11form dens1t1es'were as low a# 10

organisms per 100 ml in the oveﬂying watérs'(SIanetz et al., 1_965)

‘Indicators of 'féca1 poliut‘ion more specific. tha—n.-'th‘e 'fota"l.

~coliforms in shellfish waters have been sought. Céndfd&te

.'forganisms or groups of organisms include E. co‘H and the feca'l

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

animals than does E. col{ (Geldreich, 1974). Usually E. coli 1s

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

under some conditions other fecal conorms may predominate

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

.

of fecal coliforms - and £, coli to fecal

coliform sources confirms the fact that the fecal coliforms

Fl



””f.were g?own “in waters meeting this. bacterio1og1ca1

reflect sanitary quality of water. In comparing results of the fecal
coliform test to those of the E. coli procedure in shellfish waters, E.

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

coliform population with the fecal coliform hbacteria giving a
96.6 percent correlation (Presnell, 1974), Therefore, the uyse of
the fecal coliform test avoids the undesirable risk of excluding

some facal contamination.

The microbio1ogipa? criterion for shellfish water guality has -
been accepted by international agreement to be 70 total coliforms
~ _pér 100 m1, .using 2 median MPN, with no more than 1n percent of

the va]ues exceeding 230 totaI coiiforms. No evidence of .
k epidemio?og1ca1 outbreak from consumptian of raw she11ffsh which
criterion has
been demonstrated. This standard has proven to be a practical
~ 1imit when supported by sanitary surveys of the growing waters,
acceptable quaTity 1n she}1f1sh meats and good
 epidemio1og1caI evidence However, evidence from field
1nvest1qations suggests that not all total coliform occurrances
-can be assocfated with feca? poPlution (Ga11agher. et al., 196Q)
'Thus, attent1on has been diracted tnwa;a ‘the adopt1on of tha

feca] co11form test to measure nore precise?y the occurrence and

magnitude of feca1 po!?ution in she11fish qrowing waters,

A series of studies was fnitiated by the National Shellfish

Sanitation Program and data re!ating the occurrence of total

a3



: co11forms to numbers of fecal coliforms were compiled.

Infornation was received from 15 States and 2 Canadian provinces

and  was arbitrarily divided into 4 geographica1 areas:
northwest, southern states, mid-Atiantic, and northeast. .A total
of 3,685 co!iform values and 3,574 fecal coliform values were
included 1n the tabulations. The prime objective was to

determine the correlation between the two 1nd1¢ator'groups and

secondarily,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 co!iform MPN per 100 ml at the 50th
percentile was equ1va1ent to a fecal co!1form MPN of 14 per 100 ml

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

—.coliform. s:anuara is .14 and. nne90ﬂ1E€r°ﬂﬂule snoul& not exceed 43

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

Evaluation of the microbib1og1ca1 suitability of waters
f&r recreational taking of shellfish should be based upon’ the
fe§a1 coliform bacterial Tevels, When possible,
samples should be collected under those conditioﬁs of tide and
reasonable rainfall when pollution is most l1ikely to be maximum
in the area to be classified. The medfan fecal coliform value
should not exceed an MPN of 14 per 106-m1 and not ﬁore than 16

percent of the samples should exceed an MPN of 43,
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COLOR

CRITERIA:

Waters shall be virtually free from substances producing
otjectionable 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 aguatic life.

INTRODUCT ION:

Calor in watek princfpally results from degradation processes in the
natural environment. A]thougﬁ co]1oida1.forms of iron and manganese occasionally
are the cause of color in water, the most comon causes are complex organic
cempounds brig1nat1ng from the decomposiiion of naturally-occurring organic
f,_\\k matter (ANWA, 1971), Sources of ofg&nic material irclude humic materials from
o the'sojl such as tannins, humic acid and Humates; decaying plankton; and other
decaying aqugtic plants. Industriql djscharges may contribuie similar compounds,
for example those from the pulp_and paper -and tanning industries. Other
industrial discharges may contaiﬁ brfght?y_cq1oféd 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 coTof-caused by co1161da1 humic materials (Sawyer,
1960). NaiuraT color is reported in color "units“ which generally are determinad

by use of the platinum-cobalt method (Standard Methods, 1971).

1ol
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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 aromatic, polyhydroxy, methoxy carboxylic acids. Shapiro (1964) :
characterized color-causing constituenté as being dialyzable and = composed
of a11phat1c, po1yhydroxy, carboxy1ic acids with molecular weights varying from
Tess than 200 to approximately 400. The colloidal fraction of color exists in
the 3.5 to 10 L diameter range (BIack and Christman. 1963b) These same authors

summarized other character1stics of. co1or observed in 1aboratory stud1es of

_natural waters: color is caused by 1ight scattering and f1uorescence rather

than absorption of 1ight energy and pH affects both particle size of the co1or— :

~ causing colloids and the intensity of color 1tse1f.

RATIONALE:

CoIor in water is an 1mportant const1tuent 1n terms of aesthetic' _';

' consxderat1ons.- To be aesthetica11y pleasing,’ water should be virtual]y free

from 5ubstances 1ntroduced by man 's activities which produce objectionabie
color. “0b3ect1onab1e color" 15 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 pieasure by viewing water in its natural state. Because of
the extreme variations in the naturaj background.amount of color, it is |

meaningless to attempt numerical limits. The aesthetic attributes of water

'depend on one's appreciation of the water setting.
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The effects of color on public water sugplies also are principally
aesthetic, The 1962 Drinking Water Standards (PHS, 1%62) recomwended that
color in finished waters should not exceed 15 units on the platinum-cobalt
scale. Water consistently can be treated using standard cocagulation,
gedimentation and filtration processesrto reduce celor to substantially
less than 15 color units when the source water does not exceed 7% color

units (AWWA, 1971; NAS, 1974).

“The effects of color in water on aquatic life principally are to reduce
light penetration and thereby generally reduce photosyrthesis by phytoplankten
and to restrict the zéne for aquatic vascular plant growth,

The light supply necessary to support plant 1ife is dependent on both
intensity and effective wave lengths (We?;h, 19582), In general, the vate of
photosynthesis increases with the intensity of the incident light. Photo-
synthetic. rates are most affected in ﬁhe red region and least affected in the
blue-violet regioﬁ of incident light'(We1ch, 1952}. It has been found that in
colered 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 p§rt§ qf,thékspectrum is affected byrcoiqr, but the
greateétﬂeffeéi'is on'tﬁé éﬁd;éwame dr.sfﬁé éné 6f the spectrum (Birge and
Juday, 1930). In high]jrco]ored watérs-(45 to 132 color units) Birge and
Juday (1930) measuked the 1ight transmission as a percentage of the incident
level and found very little blué; 50 percent or less yellow, and 100 to 120

percent red. -
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The 1ight intensity required for some équatic-vascu]ar plants to bhoto-
Syntheticaily balance.the oxygen used in respiration may be 5 pércent of full
suntight during maximum summer:iiluminétion periods (NTAC, 1968). As much as

10 percent of the incident Tight may be required for plankton to 1ikewise

. photosynthetically produce suff1cient oxygen to ba1ance their resp1ration require-

ments (NTAC, 1968). The depth at which'such a compensation point is reached
ca11éd the compensation depth, de1ineates the ‘zone of effect1ve photosynthet1c
oxygen production. To ma1nta1n sat1sfactory bio1og1ca1 conditions, this depth -
cannot be substant1a11y reduced.

Industrial requlrements as related to water color have been surmarized (Nms, 1974),

Tab1e 2 Tists 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 supp1ies.- s

'Industry or Industrial Use "CdTofa units L
fBoiler make-up o B 1,200 ‘ |
Cosling water - 1,200
Pulp and papér . ' : 360
Chemical and allied products . 500
Petroleum ' o 25
oM

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

For freshwater and marine aquatic life, 0.7 times
a.96-h0ur LC50 as determined through nonaerated
bicassay using a sensitive aquatic resident species.

| THTRODUCTTON:

fopper occeurs es a natural or native metal end in vurious mineral

forms such.as cuerite and malachite., The most important ccppeor ores

ors sulfides, oxldes, and carbonates. Copper has been ndned and usad

in & variety of products by man since prenistoric times. Unns for copuer

include electrical products, coins, and 3etal platirg. Coppc* Fregqueantl

e

in alloyed_ﬁith other metals to form various brasses and bronzes. Oxiles
rnd sulfafes of.copper'are uged for pesticices, algicides, and fungiclides.,
Coprer freqpenély is incorporated into paints and wood prezervatives to

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

Teredo, on vessels.

Copper is an esséntiél_trace'elemgnt for. the propagation of plants
end performs vital functions in several enzymes and a majcr "cle in tLe
synthesis of chlorophyll. A~ shornage of conper in 501¢ may lead to
chlorosis which is characterized by yellowzng of plant ;eaves= in
copper deficient soils 1t may be added as a trace nutrient sﬁpplement to

other fertilizers.

et
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Copper Is regquired in enimal ﬁetabolism. It is important in
invertetrate blood chemistry and for the synthesis of hemoglobin. In

some invertebrate organisms s protein, hemocyanin, contains copper and

. Berves ez the oxygen-cerrying mechanism in the blood. 4An qver&ose of

ingested copper in marmals acts as an emetie,

In examining over 1500 surlace water samples from the Uﬁited States,
Kopp and Kroner {1967) found soluble copper in Th percent of the samples
vith an average concentration of 15 ug/l and & maximum concentration of
280 ug/l of copper. The average coﬁéeﬁtration of copper iﬁ,seawater.

epproximetely 3.0'ug/l'tMero, 1964},

 PATTONALE:

_ (oncentxations of-coppeﬁ iound'in naturai-waters are pgf known_td
have an, adverse effect on humans. Prolonged orél administration of'
excessive quan*iu - of copne“ may *esu_+ in liver damage, but wateﬁ__
supplles seldom have sufficient copper to effect such damages. Ioung
chiliren require approxlmately‘o.l mg/d&y of copper for normal ‘growth and”".
the daily requireﬁent for adults was estimated to be mbout 2 mg/day'
(Sollman, 1957). Copper in excess of 1 mg/l mey impart some taste to
water. Beceuse of & possible undesirable taste-in drinking water.at

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

westing precipitated copper in lske bottom muds reSulting from

ecpper sulfate application to control nuisance algsae, Mackenthun and

Cooley (19352} comcluded that the toxie limit to a midge, Tendipides glumosus,

10%

iy

I
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and a fingernail clam, Pigidium idahoense was about 9,000 mg/kg of copper

in nud on a dry weight basis.

The toxicity of copper to aquatic life-is dependent on the alkalinity
of the water s the copper ion 1s complexed by anlons present, whick in zurn
affect toxicity. At lower alkalinity_copper_is generally more tovic to
aguatic life. Other factors affecting toxleity include pH and orgenic
compounds. Relatively high concentrations of copper may be tolersted by
advlt fish for short periods of time; the critical effect of copper appears

to be its higher toxicity to young or juvenile rish.

Toudoroff and Katz (1953}, in reviewing literature on the ecute

' toxieity of copper, concluded that in most naturel fresh watevs in the .

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

ave not rapidly fatel for most common fish species. In ascute tests

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

(320 mg/1l Cal03) the toxic concentration was 600 ug/l copper. A sumary

~of acute toxlcity data ig'giveg in Table 3. In checking this table tha

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

1f elkelinity is not given (in most natural waters alkalinity parallels
hardness). In generai the éalmonids are very sensitive andfthe' |

centrarchids are less sensitive to copper.

19
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TABLE 3

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

Species : * size

Compound

Exposure
time
(hr)

Exposure
type

Temperature

*cy

éoncen tration
(mgf1) -

PH

Alkalinity

Hardness

Reference

Ra inbow ]
. trout - ¥ mouth
(Salmo i old

gairdnerf) . T {7g)

Rainbow ,
trout Juveniles

Rainbow
trout

Copper

Copper
sulfate

Copper

" 96

24
96

48

F.rt

L1

]

11.6~12,4

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 month
{Salvelinus old

fontinalis)

Copper

96

FT

1241

3,10 Lu

7.5

41.6

45

(%)

Atlantic
salmon Juveniles
{5almo
salar)
Atlantic
salmon . Juveniles

Copper

Copper

96

25

FT

18-21

15

6.5-6.7

7.1-1.5

B8-10¢

20

(22}

{16}

Chinook
salwmon At hatch
(Oncorhynschus 1 wonth

tahavytscha) old

Copper
Copper

*FT - flow-through bicassay

**§ - static bioassay

96
96

11.1-12.0
10.8-12.5

§.8-7.0

i1-26

20-23

&)
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The acute toxicity (24-, 48=, 9é-hr 'nsb.vﬂlue",) of copper to seversi apeciee of fiah in water of various water quaHties.

Exposure

: O : : ' . time : Exposure Temperdture Concentration
Specics Size Compound {hr) type (*cy - {mg/1) pH Alkalinicy Hardneas  Reference
Chinook : : . O S .
salmon - Cupric <96 . 8 9.5 0.178 Cutt 7.75-7.85 - 80 (8)
nitrate :
Silver . . - .
salmon ; - Copper T 8 10 0.45 cutt 7.75-7.85% - 40 (8)
{Oncorhynchus ' sulfate ’ 10
kisutch)
Bluegill'_a‘ ’ _ ‘ . ) : .
(Lepomis - . 1-2 g CuS0y i5H,0 24 B 25 0,86 CuSOy,~5H,0 ¥.5 18 20 (13)
macrochirus}) . - 48 0.74 CuS0, 5k 20
‘ . 96 G.66 CuS0y,-5H0
Bluegilis ' Juveniles CuSCy 96 T 2041 1.1 Cu 7-8 43 45 {1)
(35 8)
Bluegills 5-9 cm  Copperx
. chloride 96 5 20 0,71 cut* 5.3 36 45-47 {18)
Copper
sulfate 96 8 20 0,77 cutt
Bluegiile - Copper
pulfate 96 - 8 - (1% . Tak 18 20 i
Copper sulfate
Blyegills -2 g CuS0y *5HyO 24 ‘s 23 10.7 GuSOy *5H0 7.5 360 3560 (13}
48 10.2 CuS0,-SH 0
95 10.2 CubQy=5H0
bluegiiis - Coppar
sulfate 9 [ - 1,2 8.1 340 &30 17

Copper sylisle



i

The acute toxléi:y {24~, 48-, 96=hr TL._SG vélues) ot.copper to severai

BT U U

specics of fish la water of various water qualities.

Exposure : - L
 time Expésure = Temperature Concentration ‘
Specien Size Compound (hx) - itypa (°c) (mg/1) pH Alkalinity Hardness  Reference

Bluegilla - Copper .

sulfate 48 8 20 7.0 Cu ‘8,3 : T2 101,2 (19)
{synthatic B :
water)

Fathead . . e i _ . . _
minnow 1-2 g . Cusoy,* SH20 24 8 25 0,038 CuS0, *5H,0 7.5 - 18 20 13
(Pimephalesa 48 : 0.028 CuS0,+5H,0 : ‘
promelas) 96 0.023 Cus0, *5H0

Fathead B ) C . ) .
mianow - Cus0y, 96 FT 2541 0,975 Cu 6.9-7.2 - 30 3 S

. 8 2541 0.084 Cu .

Fathead ) :
minnow - ' Copper 96 [ - . 0.05 7.4 18 20 {17)

asulfate ; Copper sulfate ' CA Wl

Fathead : : . o
minnow 1g Copper 24 9 19,5-20.5 1.8 Cu 6.5 10 % (N
) eyanide 48 - - 1.6 Cu : '

. 96 1,2 Cu

Pathead

pinnow 1-2 g CuS0y 5 Hz0 24 8 25 2,15 CuS0y«5H30 7.5 300 360 (13)
48 : : 1.50 CuS0y -58,0 : : :
96 . 1.45 CuSOy *5H0

Fathead ] ' : ) .

nisnow 2069 v Copper- 96 » 4-30 0.56~0.99 Cu 8-8,5 90-230 . 120-336 ).
(“ ' -~
1] . 4 _- - A: I ) \‘k
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The acute toxicity (24

» 48—, 96=hr TL30 values) of copper to several species of figh in water of various water qual‘ities.

Ex'p.osure : : e .
o . time Exposure Temperature Concentration .
Species Size Compound (hx) type {°c) - (ugf1) pH Alkalinity Hardness Reference
Fathead S . . : ' )
winnow 10~15 = CuS0y, 96 e 16-25 0.430 Cu 7.9 161 200 (10)
) ' ’ T - 0.470 Cu
Fathead AR ) C :
winnom .56 mm Copper: 96 FT 2441 . 0.44 Cu - - 200 (12)
j ‘1.6 g R - L
Pathead : i
winnow - Copper 96 ] - 1.4 8.2 360 400 (17}
p sulfate’ : g . Copper sulfate .
Banded . )
kilii€deh <20 cm CulNog)z - - 24 [ 17 1.50 cutt 7.8 - 5.3 £14)
{Fundulus : T 48 0.92 cutt
diap! hanus‘} C; 96 0.86 cutt
Bande_& ' P o
k{il1iftsh . %20 en Cu(NG3) 2 24 & 28 1.30 oot 8.0 - -55 (15)
2 ’ ‘ ; C48- : 0,98 tutt
9 0,84 cutt
Striped - ++
basz 20 cm Cu{NO3) 2 24 ] 17 8.3 Cu 7.8 - 53 {14}
(Morone 48 6.2 Cutt
gaxatilis} 96 4.3 ot
Striped
bass <20 em Cu(N03) 2 26 8 28 8.4 cott 8.0 - 55 (15}
8 6.6 cutt
96 4.0 cutt
Scriped .
bass Fingerlinge - Coppex 24 4 21 1.5 Copper sulfate 8.2 &4 35 (21}
(2.7 g) gulfate 48 1.15 Copper suifate
233 0.62 Copper sulfate
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The acute toxicity (24-, 48-, 96~hr TL50 values) of copper to several species of fish in water of various water qualities.

o L LS PR

Exposure :
time Exposure - Temperature Concentration : .
Species Size Compound {hr) type ' (&) {mg/1) . pH Alkalinity Hardness Reference
Pumpk {n- . :
seed <20 cm Cu(ND3) 24 e 17 3.8 cutt 7.8 - 53 {14)
(Leponis 48 2.9 cutt
gibbosus) 96 2.4 cutt
Pumpkin— X . ) wo
seed <20 en Cu(N03) 5 24 6 - 28 3.5 cutt 8.0 - 55 15
48 2,9 cutt ‘ Lo
96 2.7 cott -
" White ‘ Lo o .
perch <20 cm Cu(nos) 24 8 17 i1.8 Cu: (7.8 - 53 (14)
Morone 48 8.0.Cu -
zgmetlcana) 96 6.2 cutt
Fhite ) . ' s R .
perch 520 cm Cu(NDj) 5 24 8 28 11.5 cutt 8.0 - 13 (15)
. 48 ' 7.9 cutt o :
96 6.4 Cutt
Carp RS ﬁ : s
{Cyprinus <20 em Cu(N03) 2 24 ) 17 2,10 cu™" 7.8 - 53 - {14)
carpio) 48 : 1.60 cutt -
96 ‘8,81 cutt - ,
Carp <20 ca Cu(NO3) 5 2% s 28 1.90 cutt 8.0 - 55 {15)
: 48 - .1,20 cutt
96 0,80 Cu
) - ( & (u‘ v } (
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The acuts toxicity (24-, 48-, 8%6~hr TL30 values) of copper to le_v’cfﬁi species of fish in water of various water gualities,

Species -

.§ize

Compound

Expésure
time
(hr)

Expoaure -
type

Temperature

(‘)

Concentration

(ug/1)

pH

Alkalinity

Hardnass

Reference

Brown
bullhead .

{Ictalurus
nebulogus)

Juveniles

Copper

sulfate

96

.23

0.18 Cu

7.2-8.2

156

200

{3

Bluntacse
minnow

(Fimcghales

notatus)

]

Cppper'i-l:

‘96

FT

L 26

4.29 Cu

7.8

154

200

(12)

Staﬁgrollér
(Campostoma
anoma lum

60

Copper -

2441

0.30 Cu

7.9

154

200

12}

Creeg
chib
{Semotilus

atromacelatus)

64
430

Copper’

96

24+1

0.31 Cu

7.9

154

200

(12

Blacknose
daca

(_Rh infchthiya

atratulus)

47
1.1

wm

Copper

86

2441

0.33 Cu

154

200

(12}

Rainbow
dirter

(Etheostoma

caeruleun}

41

wn

Coppeyr

46

2441

0.33 Cn

7.9

200

(12}
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Thf— acute toxicity (24—, 48-, 96-hr IL50 valuen) of copper to-several epecies of fish in water of various water quaHties.

Exposure ; .
time Exposure Temperature Concentration :
Species Size Compound (hr) type {°c) (mg/1) pH Alkalinity Hardness Reference
Goldfish ' ‘ o
(Carassius 1-2 g CuS0y *5H,0 24 . s 25 0.094 .CuSOy"5H0 2.5 118 S N & )
auratus) 48 - 0.043 CuS0, ~SH,0 | ' L : .
: 96 ’ ) 0.036 CuS0y5H,0
Guppy : R : . : ' - . -
(Lebistes 0.1-0,2 g CuS0y, 3H,0 26 8 : 25 0.130 CuS0, 51,0 7.5 18 20 (13)
reticulatus) 48 ' : 0.073 Cus0, -5H,0 o
* . 96 0.036 CuS50,+5H,0
Mosquito . . : : . o
fish a - Copper 24 s . . 2427 122 Copper sulfate 6.1-3.1 <100 - (20)
" (Gambusia ’ : sulfate 48 o o 84 Copper sulfate ’ : SR .
" affinig 96 E : . 75 Copper sulfate




Refekences_Cited'in.Tab]e'BL

Benoit, D.A. (1973%). - Chronic effects of copper on survival, growth,

and reproduction of the bluegill Lepomis macrochirus. Mrans. Awer. Fish.

Society, 104:353.

Brown, V.B., 1368. The calcu]atioﬁ of the acute toxicity of mixtures

of poisons to rainbow trout. Water Res. 2:723.

Brungs, W.A., et al., 1973. Acute and long-term accumulation of copper
by the brown bullhead Ictalurus nebulosus. Jour. Fish. Res. 3d. Can.,

30:583.

Brungs, N.A.,'gg_gl., 1974. Acute and chronic toxicity of copper to the

fathead minnow (Pimephales promelas Rafinesque) in a surface water

of variable water quality. (In press).

Calamari, D., and R. Marchetti, 1973. The toxicity of mixtures of metals

and surfactants to rainbow trout. Water Res. 7:1453.

Chapman, G.A. Unpublished data available at the National Water Quality
- lLaboratory, Duluth, Minnesota. '

Doudoroff, P., 1956. Some experiments on the toxicity of complex

cyanides to fish. Sewage Ind. Wastes. 28:1020.

.. Holland, G.A., et al., 1960. Toxic effects of organic pollutants on young
salmon and trout. State of Washington Dept. of Fisheries Res. Bull,

No. 5. 264 p.

9



10.

1.

12.

13.

14.

15..

16.

McKim, J.M., and D.A. Benoit, 1971. Effects of long-term exposures of
copper on survival, growth, and reproduction of brook trout

Salvelinus fontinalis. Jour, Fish. Res. Bd. Can. 28:655.

Mount, C0.1., 1968, Chronic toxicity of copper to fathead minnows

(Pimephales promelas Rafinesque). Water Res. 2:215.

Mount, D.I., and C.E. Stephan, 1969. Chronic toxicity of copper to
the fathead minnow (Pimephales promelas} in soft water. Jour. Fish.

Res. Bd. Can..-26:2449.

National Water Quality Laboratory (NWQL), 6201 Congdon Boulevard,
Duluth, Minnesota (Unpublished data).

Pickering, Q.H., and C. Henderson, 1966. The acute toxicity of some -
heavy metals to different species of warm water fishes. Int. Jour. Air

and. Water Poll., 10:453.

Rehwoldt, R., et al., 1971. Acute toxicify 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 foms. Bull. Environ. Contam.

Toxicol. 8:91.

Sprague, J.B., 1964. Lethal concentrations of copper and zinc for young

tlantic salmon. Jour. Fish. Res. Bd. Can. 21:17.

o



17.

i8.

18.

20.

21.

22,

Tarzwell, C.M., and C. Henderson, 1960. Toxicity of less common metals

to fishes. Ind. Wastes. 5:12.

Trama, F.B., 1954. The acute toxicity of some common salts of sodium,

potassium, and calcium to the common bluegiil {Lepomis macrochirus

Rafinesque). Proc. Acad. Nat. Sci., Philadelphia. 106:185.

Turnbull, H., et al., 1954. Toxicify of various refinery materials

co freshwater fish., Ind. Eng. Chem. 465324.

Wallen, I.E., et al., 1957. Toxicity to Gambusia affinis of certain pure

chemicals in turbid water. Sewage Ind. Wastes. 25:695.

Wellborn, Jdr., T.L., 1969, The toxicity of nine therapeutic and -

herbicidal compounds to striped bass. The Prog. Fish. Cult. 31:27. -

Wilson, R.C.H., 1972. Prediction of‘copper toxicity in receiving

waters. Jour. Fish. Res. Bd. Can. 29:1500.



S Y

Sprague and Ramsay (1965) determined the level beyond which the -
organism ‘can no longer Burvive for an indefinite period of time ror

Juvenile Atlantic salmon, Salmo salar. at 17° C. For copper in 8 qater

vith a totel herdness of 1k mg/l as CalO3 this level was 32 ug/l;{ At

28 pg/l copper there wére;nofsalﬁop deaths in 168 hours.

Sprague (1964) found that Atlentic salmon, Salmo selar, tended to

_avoid & concentration of copper as low as h v, ug/l. '

Mount and Stephan (1969) reported that in chronic tests with fathead
minnows in wa.ter with a hardness of 200 mg/l as CaC03, 33 ug/l copper
did not affect surv1val or the physical appearance of the fish but did
prevent spawvning. No effects were noted a.t 114 5 ug/l copper. | In soft

water with a hardness of 30 mg/l es CaCO3. the no-effect level ror the

fathead minnow, Pimephales p;cmelas was about 10.6 -ug/l oopper. 'I‘hese L
i mvest:.gators repo::ted appl:.cat:.on factors of betweem 0. 13 and 0 22 -and -

between 0. 03 and 0 08, respecuvely, for soft arxihazﬂwate.r 'I‘he

maximum concentration of copper having no detectable effect on the brown

bullhead, Ictalurus nebulosus, in 600 days in water with a hardness of

202 mg/l as CaC0; was determined to be between 16 and. 27 ug/l. (Brungs et EL

1973). Benoit (1975} exyosed bluegills (Lepomi macrochirus) to copper in

soft water for 22 months and fourd the "no-effect" lewvel to be 21 ug/l

copper.

McKim and Benoit (1971) conducted chronic tests with brook trout,

Selvelinus fontinalis, exposed to copper in water with a mesn alkalinity

of 41.6 mg/l as CaCO3. A copper concentration of 17.5 ug/l did not
adversely affect survival, growth, or spawning of adult brook trout or
the hétchability of the eggs; however this concentration affected fhe

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

Spve
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for the young brook trout was 9.5 ug/l c¢copper. In a second generation

- exposure of brook trout to copper, MeKim and Benoit (1$7h) found thet

exposure to "sublethal concentrations of copper from yearling through
spewning to 3 month Juveniles" was sufficient 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 ILC30 value
for the brown trout cnly.

Biesinger and Christensen (1972) found a 16 percent reproductive

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

in water with a total hardness of 45,3 mg/l as CaC0z. Ihe 3-week LC50

was Lb ug/l copper. The total copper concentration havipg no effect on-

Campeloma decisum, Physga infegra, and Gémmarﬁs psaudolimneeus in chronie
studies was between 8.0 and 14.8 ug/l in water with a total herdness of-

45.3 mg/l as CaCOz {Arthur end Leonard, 1970).

The coﬁcentration of copper that has beeﬁ associated experimentally
with no harmful effect for sé?erel aguatic species is about 5 to 15 pg/l.
This is'#eéf'éioserﬁo fhe"évéragé ambieﬁtifreshwﬁter concentration now
found where copper occurs,in measurable-qugntity. In waters with high
alkalinity and/or with much organic material many species will be able

t¢ tolerate higher smbient copper concentrations. In such.éaéés, the

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

mean. application factor fraom tests reported above) as determined

through bicassays using sensitive resident species.

_COprerfis-presentziﬁ,sea'water at a concentration of approximately
3 pg/l but copper added:té the marine environment is readily precipitated
in the alkeline and saline envircnment. Toxicity of copper to fishes in
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parine waters has not been studied, but for Nereis virens, a polychaete

invertebrate, the toxic threshold for copper was 100 ug/l‘ (Reymont end

- Shields 1964). Copper is toxic to oysters at concentra.tions ebove

100 ug/l (Ga.ltsoff, 1932). CJ.endenning and North (1960) round

inhibition of pho-bosynthesis in the giant kelp, Macroczstis mifere,

. at copper concentrations of 60 ug/l. This commercially ‘importa.nt marine
_pla.nt is used for several industrial ﬁproce_sses and for important food
edditives. In areas where this plant'is respecially' aignifjiclant it may

be prudent to establish a restrictive copper criterion.

Adult softshell clase, M-a&:enaria, were the most sensitive.
marine macroorganisms tested in statxc oopper bmucz.ty bloassays.
1CO, LC50 and ICZLOD values after 168 hours’ at 30 o/o0 sal:x.m.ty and

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

‘were 75, 86 and 100 ug/l respectively, for the same time pa':n.od

(unpublished manuscript). Copper is selectlvely concentrated over
zinc by adult softshell cla_ms, Mya arenaria, Concentrations of

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

(Pringle, et al., 1968). The 9-day IC50 for newly hatched Fundulus

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

These data are insufficient to devrive a satisfacto::y criteria

mmber, but i is epparent that copper does exhibit toxicity to the

few Spec:.es tested. Therefore, it is recommended. that .1 of the’

g6-hour LCS0 for a sensitive aguatic species present be adopted.

\2H

IS



The only known industrial use of water affected by copper iz tae
production of textiles which requires a minimum concentration (a5 low as

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

found in natural water may be reduced readily by various forms of trestment

ineluding coagulation and precipitation or ion exchange resins. Thus, no

weter quality criterion for copper in industrial water supplies is proposed,

The minimum reported concentration of copper that begins to exhibit
toxicity to some agricultursal plants is 100 nug/l, vwhieh is considerebly
more than the average found in the Natisn’s waters. The adverse effect
of coppe;'on plspts can be overcone readily_by Troper managemsnt through
irrigation or by the addition of matsrlsls such as lime, phospbate.
fertillzers, or iron salts to the soil (Reuthn* ard Labanauskas, 1966).
Ho criterichn is proposed for copper in water used for agricultural |

purposes.,

Copper sulfate has been used widely in the control of‘algae‘in
vaser supply reservolrs snd in recreational lakes. At Madison, Wisconsin,
its use for such purposes begsn in 1918 (Mackenthun end Cooley, 1952),
Copper sulfate was used flrst s*.a fish noison in 191h,and in 1953 i
was used experimentally by the Massachusetts Div151on of Fisheries and
Game in accel erating flsh movements in- pcnds whlcu wers bslng fyke~trapped
for the remcval of overabundent pen and weed species. It has since
been used as a 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
Tife and wildlife.

INTRODUCTION:

Cyanide is one of the simplest and most readily formed organic ' A
moieties. Cyanide and compounds of tyanide-are‘aTmost universally
present where life and industry 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 saits such as potassium cyanide (KCN) and sodium cyanide (NaCN), = .

are commdnly occurring forms and sources of cyanide. The_Tatier

compounds are.readiiy disso1véd_1n'water; the extent of HCN fofmation'-; . 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-

répidly as the pH of the solution decreasés. When these simple salts

dissociate in agueous solution, the cyanide ion combines with the

hydrogen ion to form hydrocyanic acid, which is toxic to aquatic life.
Cheﬁica]ly, the cyahide ion behaves similarly to the halide jons--

chioride, fluoride, bromide and iodide.
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The cyanide ion combines with numerous heavy metal ions to form
metallocyanide complexes. The stability of these anions is nighly
variable. Those formed with zinc and cadmium are not stable; dissocia-
tion and production of hydrocyanic acid in near neutral or acidic
environments s 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 materia} 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 cyenide fdnctiona?
groups. These compounds belong to a class of organic chemicals caled
nitriles, few of which diesociafe to 1iberate cyanide ions or molecular
HCN. In addition, there are also complex organic acids, alcohols, esters,
and am1des that contain the cyanide radicals. These organic compounds

are used for numerous products or may be a waste by-product. Their

N toxicity, persistence, and chemfstry 1n the aguatic envqronment are not .

well known except for a few spec1f1c compounds

Cyanide toxicity is essentia1]y'an inhfbition of oxyagen metabolism,
i.e., rendering the tissues 1ncapab1e of exchang1ng oxygen. The
cyanogen compounds are true noncumulatlve protoplasmic poisons (can
be Getoxified 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 oXidase system which facilitates electron transfer
from reduced metabolates to moIecular oxygen. The ferric {ron-porphyrin
molecule responsible for the cata1yt1c act1on of cytochrome ox1dase is
the react1ve site where cyan1de combines w1th ferr1c(+++) jron atoms to

form a reversible complex. Other enzymes containing a metaT porphyr:n '

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

inhibited by cyanide. Only undissociated HCN 1nhib1ts the consumpt1on

of oxygen in the tissues, causing celtular. asphyxia (histotoxic anoxia)

- by attaching itself to the 1ron-of_the prosthetic-group of the enzyme

cytochrome oxidase.

Hydrocyanic acid can be absorbed readily and carried in the

plasma but does not combine with hemog1ob1n because its iron atom 1s _

divalent (ferrous). Instead, cyanide combines with methemogiobln,

;_m11d1y ox1d1zed form of hemoglob1n in which the iron atom is tr1va1ent

(ferric). Methemog1ob1n, which cannot carry oxygen, normally repre-

sents only a small fraction of the total hemoglobin ' Since it forms an'
1rrevers1b1e and innocuous complex with cyanzde, it is an actwve cyanide _
detoxifying agent. Amy1 nitr1te and other agents can be used t0
increase_the level of methemogiobin to counteraot cyanide'tox1c1ty.-

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

1320
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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 is abundant in the 1iver.

Thiocyanate is eliminated irregularly 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 acitivity,
since this substance does not require the cyanide-susceptible cyto-
chrome oxidase. An alternative explanation of residual respiratory
activity of the cygnide-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 highty 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 desfroyed 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, cyancgen chloride
may remain as a residual and this material is also toxic. If the pH

‘of the receiving‘waterway is acid and the stream is well aerated,

It
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gaseous hydrogen cyanide may evolve from the waterway to the
atmosphere. At Tow concentrations or toxicity and with acclimated
microfiora, cyanide may'be decdmpdsed by microorganisms in both

anaerobic and aerobic environments or waste treatment systems.

Hydrocyanic acid probabTy;is the most toxic form of .cyanide in

water. The ratio of hydrocyanic acid:to total cyanide is quite

variable. Under natural conditions this variation is due to fluctuations

in pH. Photochemical action can'a]so_affect.this ratio;_ Fluctqation

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 physica1 conditions will

dictate the form of cyanide, the cyanide criteria must be based on the

‘concentration of total cyanide present in the watet;

. RATIONALE:

Cyanide ingested by humans at quantities of 10 mg or Tess per day'i
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 mecﬁanisms of the human body. Continuous 1bng- 
term consumptioﬁ 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 toxicity
of simple cyanides to fish reveals the following -minimum. 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, Saimo gairdneri (Herbert and
Merkens, 1952); brown trout, Salmo trutta (Burdick, et al., 1958);

smallmouth bass, Micropterus dolomieu (Burdick, et al., 1958);

quegilTs, Lepomis macrochirus {Déudoroff, 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 continucus
flow bioassays in which routine analyses for cyanide were perfcrmed,
'are-genera11y lower than thé above reported values. The threshold
concentirations, expressed as mg/1 cyanide, for the brook trout, Sa?ve?inus

fontinalis; blueg111, Lepomis macroch1rus, and fathead minnow, Pimephales

grome?as were determ1ned to be 0.057 at 10 C 0 104 at 25°C, and 0.720
at 25°C, respectively (Broder1us, 1974)

In review it can be conc]udgd'that free cyanide concentrations

in the range from 50 to 100 ug/1 as ‘cyanide have proven eventually
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from 50 to 200 ug/1 (Herbert and Merkens, 1952; Burdick, et al., 1958;

fatal to many sensjtive fishes;and levels much above 200 ug/l

probably are rapidly ?ﬁtgl to most fish speciesT ' _ : \\_/f«f

‘Downing (1954), Cairns and Scheier (1958), and Burdick, et al.
(1958) have shown that the toxicity of free cyanides increases with any
reduction ‘in dissolved axygen‘beidw-the 100 percent saturation level.
Cairns and Scheier (1958) observed that even Eeriodic lowering of -

dissolved oxygen decreased the tolerance of bluegills to cyanide. |
The tolerance of fish to 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 Titerature 1ndicates the

__uncerta1nty between the relat1onsh1p of tox1c1ty of s1mp1e cyanxdes

to fish and the pH of the test so]ution 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 natura1 waters beIow

a value of about 8.3 should have no measurable effect on the acute
toxicity of simple cyanides to fish. There is no apparent relationship. _
among toxicity to fish, - the alkalinity and the hardness ofrthefdilutioﬁtfw

water.

Cyanide 1s acutely toxic to most fishes at concentrations ranging

Cairhs 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 also
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

'toncentrat1on of 15 ug/1 lost weight more rapidly than the control fish

in water free from cyanide (Leduc, 1966).
The effects of cyanide on marine 1ife have not been investigated
adequately to determine separate water quality criteria, but based on

the physiological mechanisms of cyanide, toxi;fty to marine 1ifa

. probably is similar to that of freshwater 1ifa. Since marine waters

generally are a?ka]1ne ‘the toxicity of cyan1de should be 1ess than in

~ fresh waters where pH- fluctuations 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 1sf§vai]ab1e“on¢advgrse effects of cyanide in agricultural
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practices nor in industrial uses of water containing cyanide.
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Since cyanide concentrations as 1owﬁas 10 ug/1 have been reported

to cause adverse effects on fish, an ambient concentrétiﬁn of 5 ug/1

is believed to provide protection with a reasonable margin of safety. '
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GASFES, TOTAL DISSOLVED

CRITERION:

To protect freshwater and marine aquatic life, the 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
pressuie Oor tension are killed when dissolved gases in their
circulatoryfsysteﬁ come out of solution to form bubkkles
{emboli) which block the flow of blood through the capillary
vessels., In aquatic orqanlsms ‘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.‘ Aquatla 1nvertebrates are. also affected

by gas buhble dlsease, but usually at supersaturatlon levels

higher than those. lethal to flSh
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-Tne standard method of analyzing for gases in;solutionﬁ

- has baen the Van Slyke. method (Van Slvke, et al., 1934):rmwrgas S '_’

cnromatograpny also is ueed for deterninatlcn of

individual and total gases.' For determination of ﬁetal gas
pressure;-Weies has'developedfthe-satu;oﬁeter, a’ device

hased upon a thin-wall silieepe_rubber'tube that isg

permeahle to gases but iﬁeefﬁeeble to watar; gases pass from T
the waﬁer throuqh the tube,'ﬁhﬁs raieihg the internal gas |
pressure which is measured b?ia manometer or pressute gauge
connected to the tube (ﬁAS, 1974)_, Tmis method alone does
net'separate the‘ﬁotal gas preeeure inte the separate
components, but Winkler oxygen determinations can be run

simultanzously, and gas concentrations. can be -calculated,

'Total dissolved gas cOncentrations must be determined ' : 3**/

because analys;s of 1nd1v1dual gases may not determlne wita
- cartainty that gas supersaturation exists, For example,

 water could be aighly supersaturated with oxygen, but if

nitrogen were at less than saturation, the saturation as -
measured by total gas pressure might not excead one nundred -

percent. Also, if the water was highly supersaturated with

dissolved oxygen, the oxygen alone might be sufficient to

<



create gas pressures or tensions greater than tae criterion
limits, but ons would not.know the total gas pressur: or
tension, or by aow much the criterion was excaedsed. Taa
rare and inert gases such as arqon, neon, and a=lium arz not
usually inveolwvaed in causing gas bubble disease as their
contrinsution to total gas presures iz vary low. Dissolved
nitrogen (¥3), waich comprises roughly 80 percent of the

eartia's atmosphere, is nesarly inert dioloqgicallv and is the
nost significant cause of gas bubble dis=ase in aquatic
animals. 2dissolved oxyqeﬁ, which iz extremely. biocactiva, isg
consumaed >y the metabolic processes of the orgaitism and is
less important in causing sarious gas bubble disease though
rit may be involvad in initiatingremboli formation in the

2lood (Webexer, et al., 1l976a.).

Percent saturation of water éontaininq a given amount of
gas varies with the absolute temperature and with the
pressure. 3ecauae of the pressure changes, percent
-saturation w1tH a: gqun amount oF gas cnanqes wmth dewta cf
the water. Gas supersa;u;atlon decreases by 10 percent per
meter pf,iﬁcrease iﬁ water depth.ﬁue‘to—hydrostatic

pressure; a gas that is at 130 perbéné saturation at the
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surface would be at 100 Qercént Saturation at 3 meterst

. depth,

Compensation for altltude may be needed because a

reduction in atmOSpherxc pressure chanqes the water/gds

equilibria resulting in chanqes in solubility of dlssolved

. gases.

There are several ways that total dissolved gas.

supersaturation can occur:

concentrations often reach supersaturation due to excessive

algal photosyntheSis;

(1) Excessive biologiCal activityf-dissolved oxygen

Renfro (1963) reported gas butble

_dlsease 1n fishes resultxng, in part, from algal. blOOms.

Algal blooms often accompany an increase in: water

temperature and this h;qher temperature furthet contr;butes

to supersaturatlon.

hydropower dams caused supersaturation.

{2} Lindroff'(l957) reported that watef'spillage at

IWhen excess water

is spilled over the face of a dam it entrains air as it

plunges to the stllllnq or plunge pool at the base of the

dam,

The momentum of the fall carries the water and

e
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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 dissclved

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 a* higher
temperatures. 'Thus‘thé discharged water becomes

supersaturated with gaées,and fish or other brganismsllivinq

in the heated-water:may.exhibit gas bubble disease [DeMont

and Miller, 1972; Malouf, et al., 1972; and Reup, 19753 .

In recent yeaxs,lgas{bubbleudisggsé-has ﬁeen identified
as arméﬁdrléfoblém ;Efeé;;ng vaiuable*stocks'of salmon and
trout in the columbiérRiverﬂsyétem {Rulifson‘and-abel;
197, The;diéease_ié-caﬁséd by:hiéﬁﬁébncentratidnéiof
dissolved'atmospheric g&élwhich’"éhﬁéfgfthe:fivéf's'water

during heavy spilling atfhydroelééfriéidams._ A report by

a3



_ Ebel, et al. (1975):presents'resu1ts from field and

PO N Y

laboratory sfudieS'oﬁ'ihe lethal, sublethal, and
physiological effects of gas on flsh, depth dlstrlbutlon of -
fish in the river (fish can compensate for some hlqh

concentrations of gas'by'mgving deeper into:the water

column), detection and avdidance éf.gas concentrations-by
fish,wintermittentvequsurg of fisb:to.gas éoncentrations,
and bibassays of‘manyﬁspecies of fish exposed to different
concentrations of gas. Seyetallconclusions resulting from

these studies are:

{1) When either juvenile or adult salmonids are

conf;ned to shallow water {(t m), substantlal mortallty

gcours at and above 115 percent total d;ssolved gas

saturation., R _ - - o o \F’/

(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 satwration.



{3) On the basis of survival estimates made in the
. Snake River from 1966 to 1975, 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

vears of high flow.

(4) Juvenile salmonids subjected to sublethal periods
of exposure to Supe:saturation:can recover when returned to
normally saturated water, but adults do not recover and
generally die from direct and indirect effects of the

exposure.

i (5} Some spacies of salmon and trout can detect and

avoid supersaturated water; others may- not.

{6) Higher survival was obsérved during periocds of

intermittent exposure than during continuous exposure.

{7) In general, in acute biocassays, salmon and trout

were less tolerant than the non-salmonids.
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‘percent mortality occurred in less than 3 days. They also

Hdetermined tﬁat the threshold'level"where eignificaht'

Dawley and Ebel (1375) found that exnosure of juvenile

spring chinook salmon, Oncorhynchus tshawytscha, and

steelhead'trout; Salmo gairdneri, to 120 percent saturation - -

for 1.5 days resulted in over 50'peﬁcehtfmortality; 100

mortalities begln occurr;ng iz at’ 115 ‘percent nitroqen

'saturatlon (111 percent total ‘gas saturatlon ln this test).

Rucker (1374), using juvenile coho salmon, Oncor@yncaus

kisutch, determined the effect of 1ndiv1dua1 ratios of
oxygen and nitrogen and established that a decrease ln

laethal effect occurred when the. nltrOgen content fell below

._109 percent saturatlon even though total .gas. saturatlon

raemained at 119 percent saturatlon,-lndlcatlng the . = Lr\~—/
importance of determining the concentration of the

individual componentS‘(02 ond 32) of ihe atmospherio

supersaturation. debheker, et al. (1976a), uslng Juvenlle

sookeye salmon, Oncorhyncius nerka, also showed that thare

was a significant increase in fish mortality wﬂen the
nitrogen concentration was imcreased while holding the total

percent saturation constant. They- also showed that there



was no significant difference in fish mortality at Aiffarentz

C2 ., concentrations,

Rasearcia comnleted by Bouck, et al. (1973) saowed that
gas supersaturated water at and above 115 percent total GAas
saturation i3 acutely lethal to most go691es of aalﬂon ds ;
wita 12) percent saturation and above rapidly lethal to all
salmonids tested. Levels as low as 110 percent will prodﬁce
emphysema in most species. Steelhead trout were most

sensitive to gas-supersaturatad water followed v sockaye

salmon, Oncoriwyncaus nerka, Chinook salmon, 2ncoravnciivg:

tsaawytscaa, were intermediate in sensitivity., Coho salmon,

Oncorhyncnus Kisutecn, were siqnificantly the more tolerant

of tae salﬂonlda though still much more suscaptible than

non—salmonlds like bass or card.

Dapania magna 2xiibited a sensitivity to supersaturation

similar to that of the éélmonids;(ﬂebeker, et:-al,, 137s),

~with 115 percent sdturatién lethal within a few days;

stoneflies eﬁnlolted an intermediata sen;1t1v1ty similar to

oass witih mortalltj at 130 percent saturatlon, and crav‘1 511

oA~
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ware very tolerant, with levels near 140 peréenﬁ total gas

saturation resulting in mortality.,

Jo differences afe'prééesed in the criterie'for
fresawater and marlne aquatlc llfe as the data avallable

indicate tﬁat there probaaly is llttle dlfference in overall

tolerances between marlne and fresnwater SDECleS.

The developweﬁt oF gas bubole d;sease in mennaden,
3revoort1a Sp., and thelr tolerance to gas saturatlon in
lahoratory »iocassays and’ 1n the fzeld (bllgrim Nuclear Power

Station Dlscﬁarge Canal) are dlscuesed by Clay, et al.

_(1975) and Warcello, 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

7105 percent nitrogen saturatlon, nowever, certaxn behavxoral

changes .Jdecame apparent. Fish sloughed off nmcus '3 swam
erratically, were more excitable, and became darker in
color. Menhaden behavioral changes observad at 1190 percent
nitrogen saturation were similar to those noted at 105
percent, In addition, at 110 percent gas emboli were found

in the intestines, the pyloric caeca, and occasibnally the

BN
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operculum. The behavioral éhénges described were alsag
cbserved at 115 percent, and clearly defined subcutaneous
emphysema was observed in the fins and occasionally in the
eye, At 120 percent and 130 percent nitrogen saturation,
menhaden‘developed (within a few hours) classic gymrtoms of
gas bubble disease. Externally, emboli were evident in all
fins, the operculum, and w;thin the oral cavity.
Exophthalmia also occurred ang emboli developed in internal

organs. The bulbous arteriosis and swim bladder were

- severely disténded, and emboli were found along the length

of the gill arterioles resulting in hemostasis. at watey

'temperatures of 309C, menhaden did not survivé, regardless
.. of gas saturation level. . At water temperatures of 15°, 220,

- and 259¢C, 100 percent of the menhaden- died within 24 hours

at 120 percent and 130 percent gas saturation. Fifty

percent dled after 96 hours at 115 percent (22°C). Menhaden

_'surv1val after 96 hours at 110 percent nltrogen saturaflon

ranged from 92 percent at 229 and 250 to B3 percent at 150¢,
observatlons on the relatzonsh;p hetween the mortallty rate
of menhaden and gas saturatlon levels at Pllqum Station

dutlng the April 19?5 .incident quggest that the flSh may

tolerate somewhat hlqher gas saturatlon levels in nature.

Hle-C



LIER S R S T

12

It has been shown by Bouck, et al. (1975) and Dawiey, et

al. {1975) that survival of salmon. and steelhead smolts in .~ . : -

seawater isrnot affected by prior exposu:e'ﬁozgas '
supersaturation while.iA fresh water.  No significant
mortality of juvgnile théiand soékéye salmon-oécurred when
they were éxposed to‘Sublethal'cdncentratioﬁs of
supersaturated water and‘thén traﬁsfefrea'tO'semﬁmer'

[Nebeker, et al. 1976b).

S
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HARCAESS

INTRODUCTICN :

Water hardness is caused by the polyvalent metallic ions dissolved in
water, In fresh waters these are principally caleium and magnesium although
other metals such as iron, strontium, and manganese contribute to the extent
that apprec:l.able concentrations are pPresent. Hardness commonly is repoxted as

an equivalent concentration of calcium carbcnate (CaOO3) .

1rxiicator of: t.be rate of scale formmaticn in hot water heaters and low pressure
boilers. A camenly used class:.f:.cat:.m is. g.wen in the following table
(Sawyer 1980y .

Classffi_cat_ion of Water by Hardness Content

Conc., mg/]r CaC03 o _ Description
B
75 - 1507 moderate]y hard
150 = 300 w0 -hard
.300:and up S ~very hard

Natura'l sources of hardness pr‘fnmpaﬂy are Hmestones which are disso]ved

b_y percolating rainwater made acid by dissolved carbon dmxide Industria] and

Y
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industrially related sources include fhe inorganic chemical industry and
— discharges from operating and abandoned mines. | _
‘Hardness in freSh“water frequently is distinguished in carbonate and non-
carbonate fractions. The carbonate fraction is chem1ca11y equ1ve1ent to the
*-'bicarbonates present in water.' Since b1carbonates genera?ly are measured as

alkalinity, the carbonate hardness usua]ly. is cons1dered equal to the atkalinity.

RATIONALE

The determination of hardness 1n raw waters subsequent1y treated and used
for domestic water supplies is usefu1 as a parameter to character1ve the total
dissolved soiids present and for ca1cuiat1ng chemical dosages where 1ime-soda
softening is practiced. Because hardness concentrat1ons in water have not been

proven health related, the final Tevel ach1eved princ1pa11y 15 a function of .

economics. Since hardness in water can be removed w1th treatment by such’ processes '

as 11me soda soften1ng and zeolite or jon exchange systems, a. cr1ter1on for raw
-_waters used for pub11c water supply is not practical.
| The effects of hardness on freshwater fjsh and.other aquat1C'1ife appear
to be reltated to the fons causing the hardness rather than hardness. |
Both the NTAC (NTAC, 1968) and NAS (NAS;,1974)‘pane1s'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 meta]ijc hydroxides and_carbonates caused by the associated

increases in a]ka]inity.'or because of an antagoﬁistic atfact of one oFf the

principal cations contributing to hardness, e.g., calcium, or a combination of both
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effects. Stiff (1971) presented a thecry (without proof) that if cupric fong

were the toxic form of copper while copper carbonate compiexes were relatively
non-toxic, then the observed difference in toxicity of copper between hard and

soft waters can be explained by the difference in aikalinity rather than

hardness. Doudoroff and Katz (1953), in their review of the Titerature on
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 other bivalent metals behave similarly to copper, it is reasonable o assume

that both effects occur simultaneously 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 whan the
hardness was 1ncreased from 10 to 100 mg/1 as CaCO3 (NAS, 1974),

L1m1ts on hardness for industrial uses are quite var1ab]e Tab]e 4 ]1sts

max1mum values that ‘have been accepted by varicus industries as a source of raw

water (NAS, 1974), Subsequent treatment general]y can reduce hardness to tolerable
Timits although costs of such treatment are an 1mportant factor in determining
its des1rab111tyf0r a part1cu!ar water source, _ '

Hardness is not ardeterm1natTon of concern'fb%iirricaf%on use’of
water, The concentratthQf the cations, ca1c1um and magnesium, which comprize
hardness, are important in determ1n1ng the exchangeab]e sodtum 1n & g1ven vater,
This particular calculation will be discussed under- ‘total d1sso]ved sotids raLher

than hardness.
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T Table 47

Maximum Hardness Levels Accepted
: *

" “Maximum Concentration

- Industry

Electric Utilities
Textile

Pulp and Paper

Chemical

Petroleum

Primary Metals

* Requifeménts for £inal use within a process may be essentially

zero whic

By IRdUStry as a Raw

-mg/1_as. CaC0s

5,000
120
478
1,000
900 -
1,000

h requires treatment for concentration reductions.

G
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TRON

CRITERIA:
0.3 mg/1 for. domestic vater supplies fwelfare)

1.0 mg/] for freshwater aquat1c life.

INTRODUCTION: _ _
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’ important component

' 'of many soils, especially the clay soils where usually it is a major

constituent. Iron in water may be present in varying quantitles dependent

upon the geo]ogy of the area and other chemicaT components of the waterway

Iron is an essential trace e1ement required by both plants and animais.-}ifiu

In some waters it may be a 11m1t1ng factor for the growth of a1gae and othergr'

p?ants, espec1a11y this is true 1n some marI lakes where it is precipitated _

by the" highly alkaline conditions. It is a v1ta1 oxygen transport mechan1smff

' 1n the blood of all vertebrate and some 1nvertebrate an1mals.

The'ferrous,'or bivalent (Fe**), and the ferric, or tr1va1ent (Fettt)

'1rons, are the primary forms of concern in the aquatic environment. a1though }

other forms may be in organ1c and 1norgan1c wastewater streams. The ferrousf"

- (Fe**) form can persist in waters void of dissolved oxygen and originates
~usually from groundwaters or mines when theseware pumped or drained. For

_ practical purposes the ferric (Fe™) form is insoluble. 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

- gpr absence of dissolved oxygen, but this iron form has litte effect on aquat1c

(WA
.}
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Tife because it is complexed or relatively inactive chemically or
physiologically.

In stratified lakes with anaerobic hypolimnia, soluble ferrous ireon
occurs in the deep, anaerobic waters. During the autumnal or vernal overtuins
and with aeration of these lakes, it 1is oxidized rapidly to tha ferric ion
that precipitates to the bottom sediments as a hydroxide, Fe{OH)s, or with
other anions. If hydrogen sulfide (HES) is present in anaerobic bottom
waters or muds, ferrous sulfide (FeS) may be formed. Ferrous sulfide is a
black compound and results in the production of black mireral muds.

' Prime iron poliution sources are Industrial wastes, mine drainage
'-wauers, and iron-bearing groundwaters. In the presence of dissolveqd Oxygen,
- iron-in water from mine drainage is precipitated as a hydroxide, Fe(OH),.
These yellowish or ochre precipitates produce "yellow boy" deposits found
.fn many streams dréining coal ﬁining regions of Appalachia. Occasionally
ferric oiide'(Fezoé) is precipitated forming red waters. Both of thase
prec1p1tates form as gels or f]ocs that may be detrimental, when suspended
in water, to f1shes and other aquatic 1ife. They can settle to form flocculant
_ mater1dls that cover stream bottoms ‘thereby destroy1ng bottom-dwelling
1nvertebrates, plants or 1ncubat1ng fish eggs With time these flocs can
“consolidate to form cement- 11ke mater1als thus - ‘consolidating bottom gravals
into pavement-like areas that are unsuitable as spawning sites for nest
building fishes; particularly this is detrimental to trout and salmon
populations whose eggs are protected in the interstides'of gravel and

incubated with oxygen-bearing waters passing through the gravel.
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RATIONALE, : |

Iron is an objectionable constiteent-in-neter_;quiiES“for1eit§erfaoméstgcjri-- 3 \ﬁf,ﬁt_“
or industrial use.. Iron appreciably affects the taete‘of'bereraées_(ﬂiddiek;'5'
et al., 1958) and can stain laundered clothes and plumbing fixtures. A study
by the Public Health Service (Cohen.'et.ai 1960) 1haicatesrthat the taste'5

of. iron may be detected readily. at 1 8 mg/1 in spring water and at 3. 4 mg/l

in distilled water. _ .,i-uife .o L _. --i'*'“‘ ._._ e o AT
" The daily nutritional requirement for fron is 1 to 2 mg, but intake of
larger quantities is required as 2 resuit of poor absorption ' Diets contain

7 to 35 mg per day and average 16 mg (Sollman 1957). The iron criterion in
water is go prevent obgectionable tnstes or iaundry staining (0 3-mg/1)

" constitutes only a small fraction of the iron normally consumed and 1s of

aesthetic rather than toxicological significance.

warnick and Bell (1969) obtained 96-hour LC5O vaiues of 0. 32m@/1 1ron

iBrandt (1948) found iron toxic to carp, Cyprinus“carpio, at concentretionsﬂof,v ‘ “'j.\\f_/

0.9 mg/1 when the pH of the water was 5.5, Pike; Esox'lucius,iand'trout"'l' RS

.(species not known) died at iron concentrations of 1 to 2 mg/l (Doudoroff

and Katz. 1953). . In. an iron poiluted CoIorado stream. neither trout nor- other f1shv
re:é'Found until the waters wera di]uted or the iron had precipitated to -

effect a concentration of less than 1.0 mg/l even though other nater'qu81it§

constituents measured were suitable for the presence of ‘trout (FWPCA 1967)

Ferric hydroxide flocs have been observed to coat the gills of white perch

Roccus americanus; minnows and silversides, Menidia sp. (Olsen, et al.
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‘1§4I§. The smothefing effects of settled iron prec1p§tates may be particularty
~ detrimental to fish eqgs and bottom-dwelling fiﬁh’?edd organisms. Iron deposits
-in the Brd]e'River. Michigan and Wisconsin werce found to have a residual Tong-
" term adverse effect on ffsh tood organisms even aféer the pumping OF 1ron-

_ bearing'waters from.deep shaft iron mines had ceased (West, et al., 1663).

Sett11ng iron flocs have alsu been reported to trap and carry diatoms downward

. in waters (01sen, et al., 1941)

E17is (1937) found that in 69 of 75 study sites with good fish fauna,

the iron concentrat1on was less than 10.0 mg/1. The Furopean Inland .Fisheries
- Adv1sory Commission (]964) recommended that iron concentrations not exceed

T 0 mg/1 in waters to he managed for aquatic life.

Based on field observat1ons principa11y, a criterion 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,

.tenperature and the pmesence of ligands vwhich change the valence state

and solubll1ty, and. therefore the t0x101ty of the metal

The effects of iron on merlne 11fe have not been 1nvestlgated adeqeateiy

to determ1ne a water qua]ity crfterion Disso]ved jron readily precipitates
1n a1ka]ine sea waters " Fears have ‘been expressed ‘that these settled 1rcn '
flocs may have adverse effects on 1mportant benthic commercial mussels and

other sheT]fTsh resources.
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. oomay interfere with swimming and be-aeftheticaiiy obdectionabie. Deposits ‘of | vel!ow

Iron has not been reported to have a direct effect o the recreationai

uses of water other than ita effects on aquatic iife. Suspended iron precipitates

ochre or reddish iron oxides can be aestheticai]y objectionabie

Iron at oxceedingiy high concentrations has been reported to be toxic-to

iivestock and interfere with the metabolism of phosphoru& (NAS 1974)'

Dietary suppiements of phosphorus con be used to overcome this motaﬁoiic
defiCienLy (McKee and Hoif, 1963) in aeratod Joiig. iron in irrigation waters
-is not toxic. Precipitated iron may comp]ex phosphorus .and moiybdenum making
themless available as plant nutrients. n aikaiine soiis, iron may*be so lﬁ

insoluble as to be deficient as a. trace element and result in chlorosis, an

_ objectionab}e piant nutrient deffCiency disease.” Rhoodes (197]) 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/l

'of soiubie 1ron

For some industries. iron concentrations in process waters iower than

_that prescribed above for public. water supplies are required or desirabTe.

Examples include high pressure b011er feed waters, scouring. bieaching.

and dyeing of. textiies. certain types of paper production, some chemicais*

some food processing; and leather finishing.industries..
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LEAD

CRITERIA.:
50 ug/1 for domestic water supply (health);
0.01 times the 96-hour IC=q value, using the rece1v1ng
or comparable water ag tge diluent and soluble lead

measurements (non-tiltrable lead using an 0.345
micron filter), for sensitive freshwa‘cer resident species.

INTRODUCTION:

In addition to their natural occurrence, lead and its compounds
may enter and contaniinate 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 1871 the
total U.S. lead consumption was.1; 431, 514 short tons, of which 42
percent came frdm récycled léad (Ryaﬂ, 1871)., Of the 1971 U. 8, lead
consumption, approx.tmately 25 percent was as metalhc lead or lead
alloy. (Ryan, 1971, NAS, 1972) N‘on*mdustnal sources that may
contribute to the p0581b111ty of mgestmn of lead by man include the
indoor use of lead-bearing- pamts and plaster, 1mpr0per1y glazed
earthenware, lead fumes on ashes produced in burning Iead battery

casings, and exhaust from 1nternal combustmn engines,

Most Iéad salts are of low solu’bilitj& Lead exists in nature mainly

as lead sulfide (galend); other -comnidn_nafural forms are lead carbonate

‘(cerussite), lead sulfate (anglesite), __ahd.‘lead chlorophosphate

(pyromorphite). Stable complexes result also from the interaction 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
materials and the presence of other metals. The agueous solublhty
of lead ranges from 500 ug /1 in soft water to 3 ug/l in hard water.
Lead enters the aquatic environment through precipitation.- lead
dust fallout, "erosion énd leaching of soil, municipal and indlistx!'ial
waste discharges, and the runoff of fallout deposits from streets and
other surfaées. Extrapolations from recent studies (EPA, 1972;
Umversn:y of Illinois, 1972) indicate that natlonally as much as 5, 000
tons,of lead per year may be added to the aquatlc enwronment as a.

result of urban runoff.

Medlterranean and Pac1f1c gurface waters contam up to 0.20 and

0. 35 mg/ 1l of lea.d respectwely (NAS, 1972), whxch is about 10 tlmes .

the estimated pre -mdustr:.al Iead content of marme waters. The lead
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
lead content of the world's lakes and rivers fange-s from 1 to 10 ué/l
(Livingstone, 1963); the lead content of rural U. S. éoilé is 10 to 15
ug/g (Chow and Pattérson. 1962), and the usual range of lead-in-soil
concentrations is 2 to 200 ppm, exclusive of areas near leé.d ore
dej)osits (Motto, et al., 1970), although many urban soil concentrations

are much higher,

In the analyses of over 1, 500 stream 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 was 23 ug/l. The highest incidence of occurrence of lead
was observed in the Wesgtern Great Lakes Basin where the frequency
was slightly above 40 percent. The highest recorded concentration

was 140 ug/l in the Ohio River at Evanasville, Indiana.

RATIONALE:
As far as is known, lead has no beneficial or degirable nuiritional

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 to 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 blder_ homes. The maj.or toxic

effects of lead inciude anemia, neurological dysfunction, and renal

impairment. The .most,coz_:nmon symptoms of lead poiscning are anemia,

severe infestiné.l cramps, p-a.raluysi_s of nerves (particularly of the arms

and legs), loss of appetite, and fatigue; the symptoms usually develop

slowly. High levels of eprsur-e;-produce severe neurologic damage,
-.oftén manifested by encepha10pa.thy and convulsions--such' caseg frequently

- are fatal. Lead is .strongly suspecfed of producmg gubtle effects {i. e,

effects due to lw level or lonq tenn expom:res 1nsu.ff1c1ent to produce

. overt syrrptma) such as mpa:.red neurolog:.c and mtor develogm—::nt and
‘renal damage in children (EPA, 1973). Subclinical lead effects are

distinct from those of_residu';J.. -d&:naige follcmng lead intcacication;

Biochemical effects of lead include inhibition of erythrocyte delta-

aminolevulinic Jaqid‘ dehydrase ‘(.ALAD) activity, increased urinary .
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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 pro&uced by any substance other than lead; it is

 related directly to inhibitionr of ALAD, the enzyme that cqpver‘;s ALA-U N

to porphobilinogen. Recent work indicates that lead interferes with
here b:.osynthes:n.s, and thus elevates AIA*-G excreta.on, at levels well
below 40 ug/100 ml whole blood (Secch:. et al., 1974; Haeger-Aronsen,
et al,, 1974). 2As a result of this work, the Center for Disease Control
has recammended that the upper limit of normal for lead in’the blood

of children be revised downward from 40 ug to 30 ug/100 ml whole blood. An
‘agd hoc committee, appointed by the U. S. Public Health Service to

“establish a daily perrmssﬂole intake of lead without 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, respectively, as shown in recent studies (Alexander, et

al., 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 |
intéke. 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 inté.ke
of an adult (NAS, 1972), so that his lead ir_ata.ke is proportionally
greater on a body weight basis, Alei;a.nder, et al. .(1973) have

suggested a daily limit of lead intake for 0-5 year-olds of 10 ug/kg.
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Congsiderable evidence has been developed demonstrating that laboratory
animals on high lead dosages show teratogenic effects; however, no such
effects have been observed in cattle or sheep (INAS, 1972), Epidemio-
logic studies have dernonstrated 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 sﬁj:plies 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 general, not exceeded the U. 5, 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, gig}_ (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 1e_g_d to equal or exceed
Kehoe's (1966) .estimaté.c_-l_.. ma.ximum safe_;evel_ o'__f lead intake (800 ug/day)
without considering the possible additional contributions to the total
intake by other sources é.nd routes of eprsure. In drinking water leéd .

should be kept to a minimum; a criterion of 50 ug/1 is atfainable 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 96'3) have determined the 86-hour TLm values for lead

(chloride) to be 5.6 to 7.3 mg/l in soft water (20 to 45 mg/1 as CaCO 3)

Brown (1968) reported a 96-hour LCgq of 1 mg/1 for rainbow trout,

Salmo gairdneri, in soft water (50 mg/1 as CaCOS)' The 96-hour '

LCgq value for lead in hard water was 482 mg/l 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 CaCO3y) (NAS, 1974). Growth of guppy species

‘was affected by 1.24 mg/1 of lead (Crandall and Goodnight, 1962); Jones

(1939) and Hawksley (1967) found ‘chronic or sublethal effects on three-
Spine stlckelback gpecies from 1ead concentrahons of 0.1 and 0.3 mg/l

and the conditioned behavmr of goldfish, Carassius auratus, in a light-

dark shuttlebox was adversely affected by 0. 07 mg/1 of lead in soft

water (50 ppm CaCO 3 added to dejonized tap water) (Weir and Hine, 1970).

A concentration of 30 ug/1 lead in a 3-week expoéure produced 18
percent reproductive impairment in Daphnia magna in water with a hard-
ness of 45 mg/1 CaCO; (Biesinger and Christensen, 1872). The 98-hour
LCSO for rainbow trout species in hard water (é.lkalinity 243 mg/l) for
total lead was 471 mg/l1 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 LCgy 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 LC50 in soft water {alkalinity
26.4 mg/1) was 140 ug/l 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 saﬁrnnids are
mét sensitive to lead in soft water, but the influence of pH , and
other factors on the solubility and form of the lead preclude the
recamendation ofi a freshwater criteria based on acute toxicities alone.
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Table 5
The ucute toxiclty (2h-, 4B~, 96-hr. TI50 values) of lead to several specles of fish in water of various water qualities.
Exposure C
: time Exposure Temperature Concentration
Species Bize Compound {hr) - type (°c} (mg/1) pH Alk, Hd. Reference
Rainbow trout ~31.5 g/fish Fo{N04), 24 F.T.¥ .7 3.75 Pb 1.15-7.5 4142 43-15 1
(Salno gairdneri)
Rainbov troud ~2h g/fioh . P(%0,), 96 8% 1 1.38 free Pb  6.89-B.78 . T-21 300 3
"132 pm/ £ sk o 228 in control
Raintov trout 2b g/rion Pb{No,), 96 s T 471 b 6.89-6.78 7-21 300 3
“132 mm/fish . 228 in control
. Rainbov trout ~5.9 g/fish Pb(ll03)2 96 8 13.8-14.2 5k2 Fb 6.23-7.17 6-25 385 3
~85.9 mn/fish . 226 in contro} -
Brook trout ~102 g/fish o (R0 ), 96 F.T. 12 .5 Po '6,9-T.1 43 15 1
s (Salvelinus .
s fontinalis)
© Brook trout = Lo g/rish Pb(N03), 96 F.T. L] 5.8 Py 7.0-T.b ho-k2 L3-b5 1
Coho Salmon Lwk, post- Pl 96 g 10 0.8 ™ - - "17-26 >
(Oncorhyneus hatch ‘ : '
kisuteh)
(’.‘ohoI Salmon S-vk. post- Fuel, 96 '8 10 0.8 P - - - 17-26 2
hatch .
Coho Salmon 6-wk. post- PBC2, 96 s 10 0.52 P - - 17-26 5
h_ntch '
Coho Selmon T-wk, post- P'I:n(!l2 96 5 10 0.52 Pb - - 17-26 .
hatch .

® F.o. » Flov Through
® 8 o Btatic
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The seute toxieity (24—, LB, 96-hr, TL50 values) of ;éua to several bpecico of fish in weter of Various water qualitfes.

Brposure ‘
- . S o time Fxpasoura Temporature  Concentration . .

Specien Bize _Oompound’ : {hr) type __(ee} {mzf1) - pil Alk. AR Refepenes
Sticklebacks - - ‘ 96 5 . = 6.1 Fb 7.0-8.5 - - b
{Gastercsteus '

aculestus)
Mosquito fish Adult Females Pb(HOB)e' - 8 22-24 2ko ma(zms)'2 7.7-8.3  a06 - 9
(Gamdusia affinis) : D {150 Pv) _
Mosquito fish . Adult Femeles Pb{m3)2 ‘ Y 8 22-21 2ko Pb(l!losla 7.7-8.3 <00 - g
: . ' : {150 Py) -
Moaquito fish Adult Females Pu(NO,) 96 5 22.2% 240 PBiXO_ ), 7.7-8.3 <100 - g
el 3’2
. . {130 Po) I .
' Mosquito fieh AQult Pemsles  Lead oxide 2y 8 18-20 >56,000 PbO 7.1-7.2 <00 - g
b . - )
Mosquito fish "Adult Females Lend oxide B 1! 5 18-20 >56,000 PuO T.1-T.2 - <100 - - g
Mosquito fish Adult Females Lead oxide 95 s 16-20 »56,000 PO T.1-7.2 <400 - !
Gold fish ) :
(Cerassiug suratus} 1-2 g/tish Fuc, 2k g 25 5.4 Pb T.5 18 20 é
1.5-2.5 in./fish . \
Gold fish 1-2 g/rish FbCl, L8 B 25 31.5'?:,\ ] i8 20 [
1.5+2.5 in./tich . :
Gold tiat’ 1-2 g/fish Fbol, 96 5 25 3.5 Pt 7.5 18 20 6

1.5-2.5 in./tish
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The scute toxicity {2k-, k8- éﬁ—hr. TLS0 valﬁgs} of lend to several Bp&ien of fish in water of vari ous water' quaiiti es, -

. : £ime Exposure M?emture Concentration )
Snecien Size Compownd {br) type °¢) . (=g} pH Ak, HY. Peference
Guppies 0,1-0.2 g/rish PR, 24 B 25 . 2k.5 P 1.5 18 20 &
Poecilia 0.75-2 in./fish , :
reticul.tes) _

Supples 0.1-0.2 g/tish ™oL, u8 8 25 ©2M.5 Pb 7.5 18 20 6
0.75-1 in./rish - .

Guppies 0.2~0.2 g/fish meL, 96 8 .25 20.6 b 7.5 18 20 6
0.75-1 in./rish Do .

mﬁ' . 1-2 gftish oo, 2 8 .25 ~25.9 Pb 1.5 18 20 6

macroch?rua) 1.5-2.5 {n./fish : -

Hluegilly 1-2 g/fish o1, M 8 25 245 b 7.5 18 20 6
1.5-2.5 in.ftien .

Bluegills 1-2 g/tish 01, 9% 8 25 23.8 Pp 1.5 18 ‘20 6
1.5-2.5 in./fieh - _

Bluegills ~5 g/tish (e B0 o ok B 20 2.0 Fb 6.5-T.5 13-4 8h-163 8

~7T cnifish - : _
Bluegilla ~5 g/fish wz“s’u‘"’ W8 's: 20 1.h P 6.9-T.5 33-81 8%-153 8
~T em/rish ) .

Bluegills 1-2 g/fish Fpe, o4 8 25 482 P 8.2 300 360 8
1.5-2.5 in./fish S L : ’

Bluegills 1-2 g/tish | ey, 8 25 468 b 8.2 300 360 6
1.5-2.5 in./fish :

Bluegills 1-2 g/tish - POCL, 8 25 Lh2 Po 8.2 300 350 6

3.5-2.5 in./rish

A
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The amcule toxicity (2k-, 4B-, 96-hr. TL50 values) of lend to scveral species of fish in weter of VArtous water qualities.

Exposure -
o {time Exposure Temperature Concentretion
Spegies _Sire Ocmpound {(hr} type (°c) {mzfi) pH Alk. Hd. Reference
Fatheads D12 g/rich pRCL, ek s - 25 7 BAB11.5E 7.5 18 20 6
{(Pinephales 1.%-2.5 in./fish ) .
promelas) : C
Fatheads 1-2 g/fish PuCi, 18 8 25 5.99-11.5 Ph 7.5 18 20 4
: 1.5-2.5 in./fish’ _ :

Fatbeoads - . 1-2 gffish ‘ -P'BCJ.E 96 8 25 5.58-7.33 Fb 7.5 18 20 6
1:5-2.5 in./fish - ‘ :

 Fatbeads _ .' _.P_‘?"lg . | L8 | F.T. - 1.1 Pb T.4 18 20 6

Fatheads - Cobel, 96 F.T. - 0.97 Py T4 18 20 5

Fatbeads - Fill, 96 s - 5.6 Pb T.4 18 20 5

Fathesda - _ PuCl, .- 96 - - 2.4 P T.h4 .18 20 T

Fatheads _ 1-2 g/fish PB(Cal.{Boz)Q':iHéﬁl C 2k 5 25 4.6 b 7.5 18 20 [

- 1.5<2,% in. /fish ; '

Fotheads 1-2 g/fish  PR(C,H0,),030,0 18 8 25 16.4 Eb 7.5 18 20 6
1.5-2.5 in./fish .

Futheods 1-2 g/fish Pb(cau302)2-31{20 o6 8 25 T.WB 2 7.5 18 20 6
1.5-2.5 in/fish -

Fatheads 1-2 g/fish Pbc12 24 5 25 LBz Pb 8.2 . 300 36¢ [

‘ 1.5-2.5 in./fish

Fatheads 1-2 gffish Pb012 ke 8 25 k82 ro 8.2 300 360 6
1.5-2.5 In./fish

Fatheads 1-2 g/tish PuC1L, 96 51 25 482 ™ 8.2 300 360 6
1.5-2.5 in./fish

Fotheads - 7%(:12 G5 s 8.2 Loo
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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 goft and very hard water
is 100 to 500 times because of insolubility and preéipitation, The
single source éf information for chronic and acute effects in hard
and soft water is for rainbow trout (Davies and Everhart, 1573)

and shows these significant factors:

Hardwater data were reported. in terms of both total
and free lead, The stétic acute hard water bicassay
‘(meani hardness, 353.5 mg/1; methyl orange alkalinity,
243 1 n‘g/l and pH, 8.02) damnstrated S6~hcur TL,_ 50
{50 percent tclerance lmu.t) mncentrat:.on of 471 mg/1
total Iead and 1.38 ma/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:;',r while the maximum acceptable
toxicant cuncentratlons, basedon the coccurrence of
black ta.lls, were found to be 120 ug/l to 360 ug/l
totalleaaandlaug/ltoazug/lfmelead

Soft water data were reported in temms of free lead.
The flw—thmugh' acute soft water bicassay (mean hardness,
27 2 mg/l methyl orange alkal.uuty, 26.4 ng/l.
pH 6. 88) demnstrated an 18-day TJ:,50 (SO percent tolezance
Limit) of 140 ug/1 free lead. |
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In the chronic soft water tests, leadattributed
mortalities occurred in fry and fingerling fish at a N
concentration of 95.2 ug/l, while three.—yéai:—old brood | ,'
Eshhproducedvxableeggsarﬁfrywhena@osedtoany _ ‘ : .' -

<y

but the hlghest (27.9 ug/l) concentration. ’I‘he maximm
acceptable toxicant concentration, based on the occurrence

ofblackta:.ls,wasdetemmedtobebeuveenllgandsoug/l.

.

A criterion im}olving"an a‘pplic'a“cion factor of 0.01 mﬁitiplied by the”

- acute 96-hour LG value expressed as dissolved leadr-jias,'uséd'to ‘

estimate the safe concentration for various fish Species.. Based upon -
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 o v

be performed on the more sensitive species when establishing sténdards
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 solubllzty 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/1l, plant death occurred. Hopper (1937) found

- that 30 mg/1 of jead in nutrient solutions was toxic to bean plants.

%
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Wilkins (1957) found that lead at 10 mg/l as lead nitrate reduced root
growth. Since dissolved lead contents in soils were usually from 0.05
to 5.0 mé/kg (Brewer, 1966), little toxicity can be expected. It was
shown that the principal entry of lead into plants was frorm aerial de-
posits rather than from absorption from soils (Page, gigi_t_. , 1871,

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 (1852) reported lobster dying in
6 to 20 days when held in lead-lined tanks. Calabrese, et al. (1973)
found a 48-hour LC;‘;O of 1730 ug/l and a 48-hour LCgg of 2450 ug/i for

oyster, Crassostrea virginica, eggs. The remarkable ability of the

2astern 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/l, 50 ug/l, 100 ug/l, and 200 ug/1L;
after 49 days, the total accumulation of lead amounted to 17, 35, 75, and -
260 ppm (wet weight), respec’ti_vely, and those oysters exposed'to the
two highest lead levels, upon gross examination, showed considerable

: a’p-rophy and diffusion. of _the_'gonadal t_issﬁe. . .edeina, and less distinction

of hepatopancreas and mantle edge.

North and Clendenniﬁg (1958) repo-rterd 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 ars

insufficient data.upon which to.base a:marine criterien 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 natura]]y as a metal but is found in . E
various salts and minerals, frequently in assoc1at10n with iron compounds.
The principal manganese-containing substances are manganese dioxide (Mn0»}),
pyrolusite, manganese carbonate (rhodocrosite) and‘ménganese‘si]icate
(rhodonite). The oxides are the only important minerals mined. Manganesé_‘
is not mined in the United States ekcept when'manganése 1s'contained‘in

iron 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
h
and as chemical reagents. Permanganates are very strong oxidizing agents -

of organic materials.

Manganese is a vital micro-nutrient for both planﬁs and animals.
When manganese is not present in sufficient qgantities,.p1ants exhibit_
chlorosis (a yellowing of the leaves) or failure of the 1eavés to develop
properly.  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 dief may require'a supptement.

~3
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RATIONALE:

Although inhaled manganese dusts have been reportad 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}, very
targe doses of Tngested manganese can cause some disease and 1iver damage
but these are not known to occur in the United States. Only a few
manganese toxicity problems have been foundthroughout the world and thesa
have occurred under unique circumstances, i.e., a well in Japan near a

depos1t of buried batteries (McKee and Wolf, 1963).

It is possible to partially sequester manganesea w1th special treatment
but manganese is not removed in the conventional treatment of domestic
waters (Riddick, gg.gl.,_IQSB; ITlig, 1960). Consumer complaints zrise
when manganeSe exceeds:a concentration of 150 ug/1 in water supplies
(Grifffn, 1960). These complaints are concerned ‘primarily with the brownxsh
staining of laundry and obaectionab]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 acceptable to most ~consumers. A cr1ter1on for domestic water suppiias

of 50 ug/] shoqu minimize the obJect:onab]e qualities.

McKee and Wolf (1963) summarized data on toxicity of manganese to
freshwater aqﬁatic life. Iohs of manganese are found rarely at concen-
trations abdve 1 mg/1. The tolerance values reported range from 1.% mg/1
to over ]OOU‘mg/I. Thus, manganese is not considered to be a preblem in
fresh waters, Permanganatesnhavé heen reborted\to ki1l fish in 8 to 18
hours at concentrations of 2.2 to 4.1 mg/1, but parmanganates are not

' persistent because theyrrapid1y oxidize organic materials and are
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thereby reduced and rendered nontoxic.

Few data are availablie on the toxicity of méngahese to marine
organisms. The ambient concentration of manganese is about 2 ug/l
(Fairbridge, 1966). The material is rapidly assimilated and bjoconcen-
trated into nodu1e$ that are deposited on the sea floor. The major
‘problem with manganese may be cencentration in the edible portioné of
mollusks, as bioaccumulation factors as high as 12,000 have been réborfed

(NAS, 1974). In order to protect égainst a possible health hazard to

humans by manganese accumulation in shellfish, a criterion of 100 ug/!

is recommended for marine water.

Manganese is not knoWﬁ to be a problem in watékrbonsumed by 1ivestock.
At concentrations of stightly Tess than 1 mg/1 to a féW'milligraMS pek
liter, manganese may be toxic to plants from irrigation water applied to
soils with pH values lower than 6.0. The prcblem may be rectified by
liming Soils to increase the pH. Problems may develop with long-term
(20 year) continuous irrigation on 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 concentratibné 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/l1 is suggested for consideration.

Most industrial users of water can operate successfully where the criterion
proposed for public water supplies. is observed. Exarples 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 life,

INTRODUCTION:

Mercury is a silver-white, liquid metal solidifying at -38.9° ¢
to form a tin-white, ducti]g, malleable mass. It boils at 356.9° , has
2 specific gravity of 13.6 and a vapor pressure of 1.2 x 1075 mm Af
mercury. Mércury has three oxidation states: (1) zero {elementa} mercury);
(2) +1 (mercurous compounds); and (3) +2 (mercuric compounds). Mercury is
widely distr{buted.in the environment and biclogically is a non-essential
or non~beneficial element. Historically it was recognized t0 possess a
high toxic potential and was uséd 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 animals have occurred recently, e.g., the Minamata
Bay poiscnings (Irukafama,.gé.ggr, 1962;7Irukayama, 1967). In addition
to the incidents in dapan, poisonings have also occurred in Ivag,

Pakistan and Guatemala as a result of ingestion of flour and seed treated

with methyl and ethylmercury camounds (Bakir, et al.; 1973). Mercury Tntowi-
cation may be acute or chronic and toxic effects vary with the farm of mercury
and its mode of entry into the organism. The mercurous salts are less

soluble than the mercuric and cohsequent1y are less toxic. Fop man, the

fatal orail dose of mercuric salts ranges from 20 mg to 3.0.9 (Stokinger, 1882).
Symptoms of acute, inorganic mercury poisoning inciude pharynéitis, gastro-

enteritis, vomiting followed by u]cerative‘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
poisoning from inorganic mercurials most often has been associated with
industrial exposﬁre 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
neuroiogical damage, or death from the ingestion of amounts in milligrams

(Berglund and Berlin, 1969).

The mercury content of unpoi]uted 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 maaoruty of U.S. waters conta1ned 1ess
than 0.1 ug/1 of mercury. The 1ower limit of detection in these studaes |
was 0.1 ug/1. Total mercury values of 0.045 ug/? recently were determ1ned
in Connecticut River water by‘F1tzgera1d and Lyons (1973) using more |
sensitive methods. Marine waters have §een shown to contain concentrations
of mercury from a Tow of .03 to a high of 0.2 ug/1, but most marine waters
fall w1th1n the range of .05 to .19 ug/1 mercury (Robertson, et al., 1972).
Mining, agriculture and waste discharges contribute to the natura1 levels

found.,

RATIONALE :

several forms of mercury, ranging from elemental to disselved inorganic
and organfc species, are expected to occur in the environment. The recent
discovery that certain microorganisms have the ability to convert inorganic and
organic ferms of mercury tc the highly toxic methyl or dimethyl mercury

has ~.de a» form of mercury potentially hazardous to the environment <

-



{Jensen and Jeknelov, 196%). In studies on the Diochemical kinetics of
mercury methylation, Bisogni and Lawrence (1973) demonstrated that in
water,under naturally occurring conditions of pH and temperature, inorganic

mercury can be cefiverted readily to methyTmercury.

Wood (1974) has argued further that whenever mercury in any form is
added to the aquafic environment, a combination of microbially catalyzed
reagtions and'chemical equilibrium systems is capable of Teading to stzady
state concentrations of dimethyl mercury, methylmercuric jon, metallic
mercury, mercuric ion, and mercurous ion. Thus, it is evident that the
total mercury level should be the bas{s 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 several 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 elimination

‘rate was slow, leading to conéentration factors of 3,000-fold and higher.
Actording to McKim (19j4), concentration 'factors by fish in excess of
10,000 times the amount of mercury in the surrounding water have been

demonstrated.

In a test period of 20 to 48 weeks, several species of fish accu-
mulated more than 0.5 ug/gm mercury in their.tissues from a water habitat
containing 0.018 to 0.030 ug/1 methy?mercuryi(McKﬁn, 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 estimated from
data presented in "Methyl Mercury in Fish" (1971). From epidemiologica]
ev{dence, the Towest whole-blood concentration of methyimercury associated

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 a1one; the limit
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 is not all in the atkyl 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 mag/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/Ad-will provide an adequate safeﬁy 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, exposed to

methyImercuric 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). ©Spawning cccurred at all lower mercury concentraticng-

tested, but the offspring of parental fish exposed to 0.93 ug/1 of

mercury exhibited reduction in growth 90 days after hatching. Aftgr 2
months’ exposure of second generation fish to 0.93 ug/i, behavioral symptoms
were noted, there was no spawning, and mortality was 94 percent. HMNo
adverse effects were observed in the brook trout exposed to methylmercuric
chioride concentrations of 0.29 ug/l1 mercury and below. A full Tife cycle
chronic toxicity test was conducted with fathead minnows, Pimephales
promelas, exposed to methylmercuric chloride (Mount, 1974). All died after
three months' exposure to concentrations of.O.BO and 0.41 ug/1 mercury.
Ninety-two percent of the fish exposed to 0.23 ug/1 mercury also died within
the three;month period. Spawning was complételj inhibited at 0.12 ug/]I
mercury‘with males not developing sexually. HNo 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 methylmercuric chloride
caused significant reproductive impairment at concentrations of 2.7 ué/?

and 0.04 ug/1 mefcury, respecti#e1y (Biesinger, 1974).

Matidé, et al. (1971) found that the LCgp for phenylmercuric acetate,
methyimercuric chloride, and mercuric chloride with rainbow trout finger-

lings, Salmo gairdneri, were 8.5, 30, and 310 ug/1, respectively. Woheser

{1973) examined the toxicity of methylmercuric chloride to two Tife stages

187



e R

of rainbow trout. The 96-hour LCgy for newly hatched sac fry was 24 ug/1

of mercury, while rainbow trout_fingerlings 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'df mercury is similar

in fresh and marine water.

Because of - methy]at1on and b1oconcentrat10n of methylmercury, mercury
Timits must take into cons1derat1on the food chain transport path from |
aqua*ic organisms to man. Regardiess of the mercury form present the
-maJor portion of the mercury will u1timate1y reside in the bottom sediments _i

where, through microbial action, mono-. and dimethyimercury 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 tissueé 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 methylatioh can and will occur in natural waters.

Demethylation.processes can deplete methy1mérqury‘concentrations in water,

Methylmercury appears to nersist for sufficient time neriods, however to allow

uptake by aguatic oraanisms. Hence, demethylation nrocesses can have an effect

on uptake rates of methylmercury, but do not terminate the transport path.
It appears that the methylation process takes place at the water/sediment
interface, particularly in the sediment area in which the benthic organisms

are most active. The movement of benthos within the sediments contributes

\3%
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2 to the methylation process by physically expanding the area of water/
sediment interface. Through ingestion of the detritus in the sediments,
benthos acquire a body burden of mercury that will in turn be trans-

i ported to fish upon ingestion.

The FDA established guideline for mercury in edible fish is 0.5 m@?k .

d

- 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-
tration 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 accurulation factor, a level of 0.05 ug/l for total mercury in fresh water
results, which can be assumed to protect the human consumer of freshwater fish. It was
o pointed out abovg that 0.04 ug/1 mercury as methylmercuric chloride caused

- significant reproductive impairment to Daphnia magna. Recognizing, howaver,

that natural total mercury concentrations fn fresh water are in the same
range, and that a total mercury level of 0.05 ug/1 would be divided among
several chemical forms which differ markedly in their toxicity, it is
believed that a ﬁriterion of 0.05 ug/1 total mercury will offer a reasonable
Tevel of protection to freshwater aquatic life as well as to the human -

consumer.

_ Recognizing that seawater contains about 0.1 ug/1 mercury and that
" this Tevel is 1/10 of that found by Eisler {1974) to represant a threat to
selected species of marine organisms, it is recommended that the critericn

for the protection of marine aquatic 1ife be 0.1 ug/1.
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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 considered as a place

where wastes and water mix and not as a place where affluents are treated,

RATIONALE:

Because damage-to the aquatic resource can occur when qua}ity standards
are violated, the permissible size of a mixing zone is deﬁende;t 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 body,

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
agquatic ccmnmmity is not exggeded; the mixing zone shoﬁ;d be free frcm
effluent substances that will settle to form objectionable deposits,
free from effluent—éssociated materials that float to form unsightly
masses, and free from effluent-associated substances that produce chiectw

ionable color, odor, or turbidity.
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A prime purpose in designating the location, size,.and area constraints
of & mixing zone is to protect the aquatic life within the receiving waterway.
Shallow water areas, generally, are the nursery aréagpfof aquatic ecosystems.
Designating offshore_mixihg.areas or providing a 1arger available volume or
area for mixing offshore as a viable éTternative to a smaller shoreside area

has a lesser 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 harmfu1 b1o-
logically when Tocated deep within the receiving water and, wherever poss1b1e,
beneath the light-penetration area where photosynth351s 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 ecologica}
importance, one from the oﬁher. Genefa11y the highest importance, and thérefore
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
commonty the areas that protect the young and supply the food not only for the

animals that live in open waters bqt_a?so 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
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areas of all mixing zones within a lake should not exceed ten percent of
the lake surface area. In some cases, this maximum Should be reduced depending
on lake volume and other local conditions. HWithin an estuary, the maximal
dimension of the mixing area should not exceed 10 percent of the cross-
sectional area of the waterway. It is not the obiective of this
rationale to outline limits for effluents, but to provide the readex
with some of the general biological 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 life 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 Tife that may
inhabit a ﬁarticuiar waterway area shbuld_be given due consideration in zone
definition. (Fetterolf, 1973; NAS, 1974) The designation of particular mixing
zones is a task that should follow the biological, physical and chemical

appraisal of the receiving waterwav.
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reported that 96-hour LCgy values of nickel in soft water for four v

NICFEL

CRITERION:

0.01of the 96-hour LC50 for freshwater and marine aquatic Tife. - -

HTRODUCTION:

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 freqguency
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. MNickel is present in sea

water at 5 to 7 ug/l (NAS, 1974).

RATIONHALE:
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 McKee and Wolf (1963), .
indicates tolefances that vary widely and that ére.ihfluenced

by species, pilI, 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 mg/1, and in hard
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water for two f£ish species, the 96~hour LCgy varied from 39.2 to
42.4 mg/1l. The 96-hour LCpy values for two species of aquatic
insects were reported by Warnick and Bell (1269) to bhe 4.0 and

33.5 mg/l nickel., Biesinger and Christensen {(1272) 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 survival,

~growth, or reproduction of the fathead minnow. Nickel concentrations

of 730 ug/1 caused a significant reduction both in the number of

--eggs per spawning and in the hatchability of the eggs.

Calabrese, et al.,(1973) reported a 48-hour LC50 of 1,180

ug/1 for American oyster embryq Crassostrea virginica,

for larvae of the hard shell clam, Mercenaria mercenaria

(Calabrese & Nelson, 1974). Jones (1939) reported a 96-hour

- 1.C50 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/l.

ilickel salts have been shown to be injurious to plants. In
sand and nickel solution experimants, Vanselow (1966) deronstra=
ted that at 0.5 to 1.0 mg/1, hickel is toxic to a number of
plants, 'The‘toxicity exhibited to plants by nickel varied widely
ﬁith the species., lNMcRee and Wolf (1963) indicated that nickel

was edtrenely toxic to citrus.. Chang and Sherman - {(1933) £found
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that tomato seedlings were injured by 0.5 mg/l1 nickel. Hop plants

were shown to be injured by nickel at 1.0 mg/1l (Legg and Ormerdd, ,,§\‘4’=
1858). 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

Séunders, 1959).

bata indicate that, (1) nickel in waterlis toxic to plant"
life at concentrations as low as 500 ug/l, {(2) nickel adversely
affects reproduction of a freshwater crusfacean at concentrations
as low as 95 ug/l, (31 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 affeéted by nickel at
concentrations as low as. 730 ug/;. Concentrations of nickel'g:
or be;ow in0 ug/l should not be harmful ﬁo irrigated plants or

marine -and fwsskkater - aquatic organisms.

a:."';’.i,?
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CRITERICN :
10 my/1 nitrate nitrogen (N) for
demestic water supply (health).
INTRCOTUCTICN :

Two gases (molecular nitrcgen and nitrous oxide) and five forms

of nongaseous, combined nitrogen {amino and amide groups, ammonium, nitrite,

and nitrate) are important in the nitrogen cycle. The amino and amide
groups are found in soil organic matter and as constituents of plant and

animal protein. The ammonium icn is either released from proteinaceous

organic matter and urea, or is synthesized in industrial processes

involving atmospheric nitrogen fixation. The nitrite ion is formed

fram the nitrate or the ammonium ions by certain microorganisms found
in scil, watér, sev&age,_ and the digestive tract. The nitrate ion is-
formed by the cc:rpiete oxidatioﬁ of ammenium ions by soil or water
microorganisms; nitrite is an intermediate preduct of this nitrification

process. In oxygenated natural water systems nitrite is rapidly oxidized

‘to nitrate. Growing plénts assimilate nitrate or ammoniwm ions and

convert them to protein, A process known as denitrification takes place

- when nitrate-containing soils became anaerchbic and the comversion to

nitrite, molecular nitrogen, or nitrous oxide occurs. Ammonium ions

may also be produced in some circumstances.

Ameng the major point sources of mtrogen entry into water hodies

are nmicigial and industrial wastewaters, septic tanks, and feedlot

discharges. Diffuse sourcescof nitrogen include farmesite fertilizer
and animal wastes, -1awn fertilizer, leachate from waste disposal in

durps or sanitary landfills, atmospheric fallout, nitric oxide and nitrits

201



et al., 1971).

discharges from automobile exhausts and other combustion processes,
and losses from natural sources such as mineralization of soil
organic matter (NAS, 1872). 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 1ev_els

of nitrite (Russo, g_t_g_.-. 1974},

RATIONALE:

In quantities normally found in food or feed, nitrates become tox1c
only under conchtwns in which they are, ‘or may be, reduced to nitrites. |
Otherwise, at ''reasonable" concentrations, nitrates are rapidly ex«
creted in the urine, High intake of nitrates constitutes a hazard
primarily to warm blooded animals .undér conditions that are favorable
to their reduction to nitrite. Under certain circumstances, nitrate |
can be re&uced to nitrite in the géstrointéstinal tract which then reaches
the bloodstream and reacts directly with hemoglobin to produce methemo-

globin, with consequent impairment of oxygen transport.

The reaction of nitrite with hemoglobm can be hazardous in infants
under three months of age. Serious and occasionally fatal pmsomngs
in infants have occurred following ingestion of untreated well waters shown to
contain nitrate at concentrations greater than 10 mg/l nitrate nitrogen
(N) (NAS, 1974). 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,

Approximately 2000 caseg of infant methemoglobinernia
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have been reported in Europe and North America since 1545; 7 1o 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 associated with a public water supply has ever been

Xeported (Vigil, et al., 1965). The differences in susceptibility
- to methemoglobinemia are not yet understcod but appear to be related
to a ccxnbimtion of factors mclLdJng nitrate concentraticn, entaric

bacteria, and the lower acidity characteristic of the digestive

systems of baby marmals. Methemoglobinemia symotoms and other toxic
effects were observed when high niﬁrate well waters containing
pathogenic bacteria were fed to laboratory mermals (WLff, et al.,
1972). Conventional water treatment has no significant effect on
nitrate removal from water (NAS, 1974).

. Because of the potential risk of methemoglobinemia to bottle-fed

- infants, and in view of the absence of substantiated physiclogical effects

at nitrate concentrations below 10 mg/1 nitrate nitrogen, this ievel is

'-th.e' criterion for domestic water suppi_ies. Waters with nitrite nitrogen

concentrations over l-mg/ 1 should not be used for infant feeding. Waters
with a significant nitrite concentration usually would be heavily polluffed

and probably bacteriologically unacceptable.

o
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Westin (1974) determined that the respective 86-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/l

nitrate nitr'ogen in 15 o/oo saline water. For fingerling rainbow trout,

Salmo gairdneri, the respective 96-hour and 7-day L.C 5 0v'e.lue-s were

1360 and 1060 mg/1 nitrate nitrogen in fresh water, and 1050 and

900 mgli nitrate nitrogen in 15 ofoo saline water. Trama (1954)

reported that the 96-hour LC for bluegills, Lepomis macrochirus, at

50 - - .
20° C was 2000 mg/l nitrate nitrogen (sodium nitrate)-and 420 mg A1

Ot
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nitrate nitrogen (potassium nitrate). Enepp and Arkin (1973) chserved

that largemouth bass, Micropterus salmoides, and channel catfish,

Ictalurus punctatus, could be maintained at concentrations up to 400 rag/l

nitrate (90 mg/1 nitrate nitrogen) without significant effect upon

their growth and feeding activities,

The 96-hour and 7-day LC50 values for chinook 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 yvearling 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/l nitrite nitrogen for 48 hours. These data
indicate that salmonids are more sensitive to nitrite toxicity than

are other fish Species, e.g., minnows, Phoxinus laein's, that suffered

--'_a 50 percent mortahty within 1.5 hours of exposure ‘to 2030 mg/1
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, 1965),

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 LC__ of 1. 6 mg/1 nitrite

50

nitrogen, and 48- and 96-hour LC. values of 1.5 mg/l 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/1 nitrite nitrogen in less than 3 hours of exposure), whereag

carp, Cyprinus carpio, and black bullheads, Ictalurus melas, survived

40 mg/1 nitrite nitrogen for a 48-hour eéxposure period; the common

white sucker, Catostomus commersoni, and the quillback, Carpiodes

cyprinus, survived 100 mg/l1 for 48 and 36 hours, respectively.

Russo, et al. (1974) performed flow-through nitrite bioassays 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 LGgq values ranging from 0.19 to 0. 39 mg/1
nitrite nitrogen. Duplicate bicassays on 12-gram rainbow trout were
continued long enough for their toxicity curves to level off, and |
asymptotic LCgqconcentrations of 0,14 and 0. 15 mg/1 were reached
in 8 days; on day 19, additional mortalities occurred, For 2-gram
rainbow trout, the minimum tested level of nitrite nitrogen at which
no mortalitiés were chserved a.ffezf 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/l,

It is concluded that: (1) levels of nitrate nitrogen at or below
90 mg/1 would have no adverse effects on warm water fish (Knepp
and Arkin, 1873); (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/l should be protective of salmonid

fishes (Russo, et al., 1874; 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 ILC50 to
several important freshwater and marine species, each
having a demonstrated high susceptibility to oils and
petrochemicals.

Ky

(2) Levels of oils or petrochemicals in the sediment which
cause deleterious effects to the biota should not be allowed.

(3) Surface waters shall be virtually free from floating nonpetroleum
oils of vegetable or ~ animal origin, as well as petroleum
derived oils, :

INTRODUCTION:

It has been estimated that between 5 and 10 million metric tons of
oil enter the marine;environment 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
o.rganic compounds with varying physical, chemical, and to:cicological
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 t© aguatic organisms.

Events such as the Tampico Maru wreck of 1857 in Baja, California, ' &

(Diaz-Piferrer, 1962), and the No. 2 fuel oil apill in West Falmouth,
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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, Similarly,

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 native
species of trout. Because of the wide range of compounds included

™

in the category of oil, it is impossible to establish meaningful 96-hour LL,_
values for oil and grease without specifying the product involved, Howeve;?
as the data in Table 6 show, the most susceptible category of organisms,
fhe 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-term sublethal effects of oil pollution refer to interferences
with cellular and physiological processes such as feeding and reproduction
whi 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 summarizes some of the sublethal toxicities for various

petroleum pollutants and various aquatic species. In addition to sublethal

_ _effects reported at the 10 to 100 ug/1 level, it has been gshown that

petroleum products can harm aquatxc life at concentrations as low ag

-1 ug/1 (Jacobson and Boylan, 19';:'3).

Bioaccumulation of petroleum products presents two espeéially

important public health problems: (1) the tainting of edible, aquatié
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Table 6

summary of lethal toxicities of various petroleum
products te aquatic organisms (s thorough discussion
of duration and test conditions is found in Moore,
Dwyer & Katz, 1973)

Y P e T e | A Il e Tl B
Marine (29,1 39) (2 ) ‘3 ) ;s 3
Flora 10 Em-650 pp 1'.'2"?;:-313 %‘\g/l =100 u1/1 'rgsi!')m ' 1.0((};]1.-).2) : m!??) 1
[py=n) {*m] many salt e
- marsh plants .
1 1 igniZicen
H-g)se &%m i%%l-»ﬁa%’ 555%‘3 il 54?? ) S29} $£3) 7&5‘&)—\ zocg-%?r),ooo ﬁﬁ: 1;:—55
r/1 {ppm) 3 1ppm | ppm rall [pped toxicity
e} 13511 '
R I C I R E I
lercae snd y ’ : v
cLzs ) §.1 oms-1 om, ‘1 pem-42 pon 0.1‘)&%‘1 pRn) 9.1 }zl/l[pfm] 1-9@% Rl (e?f,;):t
4 pe/rl [pom} sgﬂyr)'rn( 29) ‘ roporecd
Pelagic 29 £2 2 1
Crustacea { p%"- 16 ;S;‘m?‘) gz?;%-mo(pp?n) Stlgégnqsbpp!(:zs %Eil%{%g)] . . 15‘95%3{.11
2] - .
40 pp
29 |29 NN
Benthic 2
Crustacea 120 |2 pr-100 pp!g } Scpp?u,sgzp%:’\ lll.sté(:ilr'.'::‘s 1ippw! >10,Z&93;:ﬁ
: ———eyF (29T 1297 U29) 1129 (2m Ry '
Gastrapols 1€ pam-100 ppm {5 ppm-2000 pom _S(Q)F:-SOOp%r;n [Toxicizty . ’ . o eﬁ@ .
: reporied for : reported
several .
species, but
RO CCnCentras
- tion niven. .
sialves b (28),, {23) o528),.18R 30-43%}9 1 nﬁm - t29)
R [%16° ppe] {x10° ppm]- . Incorporation
105 'ﬁ‘uj i - ‘
mber Senthic] 42 £31)
J -ii—.é&:@i, 1‘-.:;:?;9 gx” ?vﬁ-lw%%)m g%ﬂ’-!v'-‘( %g)lﬂ"--ﬁgl)m . L9502 417
remme DL, BAY 3 1y ood31) e.s%%}(mz 28 ‘EQ3‘1) (¥3) San
150,000 rg/} 506( ol 51 o 186,000
{p] rg/1[zpm) 5 mg)l no/l 171 fpps)
foom] | (P
20 37
Hornais \ost lethal for suv-lcthal} effects are coused by physical coaring, eatangiement, ingestion of fing it droplets, or incorpsratica of
. § Tirds ; hydrocarbons through food chains. . !

Hote: 1) Mmbers in hrachets represent reparted veloed (volume to volume o7 veight to volume basis) converted 1o ppm.

3} Mohers §n parenthescs rofer to reforences. -

3) Asterisks indicate vaiues gstimated by lloore, Dyer, § ¥atz, 1873 (However gstizates are supported by examples given thereln)

1) In sone cases, the above vEfucs Fave boen taken from summary ©pe presentations (for exarple: Moore, Dwyer & Ketz, 1973)5
the corresponding reference aumibers thercfore do poet necessarily refer to the original publication.

§) The manrer in which the ebove vaiues arg reported &5 gnly an agremt te cxemli?: the ranges in threshold lethal roxicities,
based cn same of the existing published dars, and should herefore not be roprroed as sbsolute limics of toxicity for 2 given
category of toxicant or test crganisi. It must bo wederstood that there exisis ntmerous additional published data that fall within
the Tanges suggestod above, and possibly data that may suggest Surther widm:s these yanpes. It is not the anthor's intention to
horein fimrarize a0} of the wxicity values Tcirted thus far for patreler and petreleun products, i




i

;
t
i

|
P
A
!‘

TELE PEMOMEL Y AN LY £ ey

Reproduced from
ast

available ccpy.

.

Kauss, et al, 1977

ells 'snonicn)

i 5{*.’"‘.‘{;-' ivonaw, Lo7ovts? e Fo_l ‘
diat s
f fieia 105 pps
prytoplaskton (Lrsepion— Aubert, et at,, 1gdpat Kefosene Ippms diyen ;De;!‘c.“.:ﬁnn aof

©

Prytoplan¥ton, {Prsecfaote

ofalus toleorrur’

Bacaze, 196?'1 o

Kuvalsy erule

3

*Depression

rhytoplankton (Vonoe

Iutherl)

l’itx-un.‘.. at AL., 19}':.'1

Hivail erule;
dispersany exulsjons

phytoplankton (Fraesdas=.
e

Huzzi, 19734%

Extracts ‘of outbosrd
tor uils, o, & fual
oL, No. 2 fuel oil.

+Thytoplankton

[Cordon and Prouse,
9738~

Verezuelarn erude, No. 2
ani € Puel ails.

"de. ¢ Inr
fat leoicos IR
1.

2i1ber, 196842

Toluene

10w

E. 5% reduction
gihesis within 20 o

Brown, 19720

Kiveft cride, 1P

T3-2G pom

torpn el 'i"{en ineresze

.a:‘.'nﬂ and eges

1002
Rice, 1973 Prudhae iy crode 1.6 pn
Rlack sea turbotf Riirosuv, 1967 2.9 ya
”'—5"3 LALLM I -1)
.___mH___"
fileon, 197042 P 1002 W10 o \wtion of

snt Touling Le

-fikh laryns
443 rarenua)

-?54‘
wu-

iJ‘t‘ﬂ.*r larvys

Katnheld, 19708t

Iranian Crude

Aqunnus, cxirs,
from 107 pps,

=

nelpesse offost o
lending to dauth,

Wella, 1g7zet

Yerezualne eruie

4 ore

Klien, 197189

XL TACLS 0 f Funker &

i“:u'nn-_'ln lazwie (o daeir)

il gm

Sty el aidy (e
}f,mb tnruvne MO H s il
L . !

R

i




SIMMARY OF

7]

IR ATIAL EFYECS OF PEIROLEM PR

ICFS OF NARTHY i1

SIPSIb

0

DeVPE PRI LY TR

LWILIE AN

' b bailey, !!‘e‘"xne

IndiiaY fncrentg In
resyiration.

i Candner, ¢ A1A973  Cruie iviole fracsticns
i fvater-poluble
{ - {wry erefne2iut

it

finiriosfeal dnmase o
ehenrreseptors.

Lobster, Hozarys prericanus)

' Sreii (Pessarius ohopietas)

Jatig’.'ﬁcn & Boyien . Kerosene

0,001 -~ 0,004 ppy

i .
CRUSTACEIRS > Biumer, et 81,1973 ,Crule, keroecne 1t pre Tffests of chemorecerricn,
. . : Teellng tices, stross
N Ta niression. srosst
Pellieives palymerus ;ST..-a'.\a!'.:n, 197 _Crode-fanta Barbare Field gvudy aTter 1 decrease i
[ - : blovout. brociing; ne rees:
ciled tverg.
Lobster (. Bnerichois) Lromn eni Stedr, 137D ia Fasa Crude § Extracts - 4 Delay dn feeding,
© ¥uchyeracsus cressives i Kittredge, koTrel "Crude Tiluticns of diethyl ] Izhibition of feeldir;.
prhpr pyiwnate v oyent -
- You puanax I Erebs, 19734 Bo. @ Fuek oi) Fielé chservuticrs SrLTAE SfTeCts cn ELAURL
— erter B.Feincuth soill) pelsvior,
TRLLUSCS Hussel (:—‘v, tilus gu‘.is! Eilfillan.lQTB‘z- (Crude 1pm Reduation in carvon budpet
. (. {insreese in respirazion;
| ‘ £ecrease in feediza. !
; 6neil {ligsenraus sbeclezus) Eiuser, et 41,1973 Kerzsene Sstureted sxtract
[ t ) giluted 30 10 %05 reductin in chamicssctie
' . pargavtion of oo
IRedustin in chemotectic

perception of food

oS BTER A

" Clen {Mye srenarial

Barry end Yevich,

Eli-th 2 fuel ofl

sollected frem field

Gonedel tumere

Ne)sor-Toish, 1973

107
i “ .
Oyster (Crosscstres ! Usckin and Hoyxins, !Bleh!wv.er - Peduced grdvnh and gireogen
- viraintes HETI 3 [ content
Suald {Lfttortes diesoren) . Perkins, 1970% tap 2002 0 pe sigrificant inhibiticn to
: |
¢ I : !
trster {Crassostres virginiea)l Memzsl, 18485 in Yo" 0.0l pum myrked tainting
1

" tusgel {ayLitus edulis)

Elumcr, e 8}, 1971"1; Ng., ¥ fuel ofd

tolleeted frem field
eftar ofldl

Izhitition in develor=ment
of roials

Bellan, et ol, 18729% peterzent

P

0.01-10 pra

Decresse 1o survival,
fecundity -

Nolesr Yirtnrzen from Nationel Acadesy &

T Selences, 1973

*2einpen fros Moore, IWyer, and Eatz, 1973

N



REFERENCES CITED IN TABLES 6 and 7

' Allen, H., 1871, Effects of petroleum fractions on the early development

of a sea urchin. Marine Pollution Bulletin, 2.138,

ATIMA, J. and L. Stein. 1972, Sublethal effects of crude ofl cn
Z the behavior of the American lobster. Technical Report
Woods Hole Oceanographic Inst,, No, 72-72,

3 Aubert, M.R. et al., 1969, Etude de la toxicite de produits chemigques
vis-a-vis de la chaine bibliogique marine. Rev. Int. Oceanogr. Med,,

13/14:45,

B

11 BAKER, J, M, 1on, Several‘papers in E. B. Cowell (ed.), The
ecological effects of il pollution on litroral communitics,
Institute of petroleum, London, 250 p.

5 BARRY, M. and P, Yevich, 1974. Incidence of cancer in the soft-
. shell clam, Mya arenaria. Final report of State of Maine
{Dept. Sea and Shore Fisheries) to U, S. Adr Force, CLontrace
Mo, F. 33600-72-C-0540, 32p.
[: Bellan, G., et al., 1972, The.sublethal effects of a detergent on the

reproduction, development, and settlement in the polychaetous annelid

Capitella capitata. Marine Biology, 14:183,

7 Blumer, M., et al,, 1871, A small oil spill. Environment, 13:2.

. A \
J. M. Hunt, J. Atema, and L. Stein, 1973. Ianteraction
. . 3 .

g U 4. inioms and oil pollution. EPA-R3-73-042.

between marine org

- 97 p.
C{ . Brdc‘kson. R.W. and ¥, T, Bailey, 1973. Respiratory response of juvenile
Chinook salmon and striped bass exposed to benzene, a water-soluble

component of crude oil, In: Proceedings, Joint Conference on Preven-

tion and Control of Oil Spills, Amer, Pet. Inst., Washington, D.C,

10 Brown, D.H. 1972, The effect of Kuwait crude oil and a ;.solvent emul~

.sifier on the metabolism of the marine lichen, Lichina Pygmaeé.

Marine Biology, 12:309,
1 CAIRNS AND SCHEIER, 1955,

1 CUIPMAN, W. A, and P, s, Galtsoff. 1949. ¥Effects of oil mixed
l . .
with carbonized sand on aquatic animals. Spece, Sclent.
Rep. U. S, Fish Wildl, Serv, Lo 52 p,

S43

Cewin,



FGt R Waae D T

!

I} DORRIS, T, C., W. Gould, and €, R. Jenkins. 1959, . Toxicity
bicassay of oil refinery effluents in Oklahoma., In
Trans. 2nd Sem. Biol, Prob. Water Poll., R. A. Taft
San, Eng. Center, Cincimnati, Ohio, Tech. Rep. WGO-3:
276-285,

f‘f ERVIRONMENTAL PROTECTION AGENCY. 1974.. Waste 01l Study, Report
to Congress. 401 p. -

757 Gar;c_lner. G.R., EE.EL , 1072, Analytical approach in the evaluation

of biological effects. Jour. Fish. Res. Bd, Canada, 35:3185.

/5 Gilfillan, E.C., 1973, Effecis of seawater exracts of crude oil on
_carbon budgets in two species of mussels, In: Proceedings, Joint
Conference on Prevention and Control of Oil Spills. Amer. Pet,

Inst., Washington, D.C.

/7 Gordon, D. C. and N, J. Prouse, @n.&ﬁg The effects of three

different oils on marine phytoplankion photosynthesis. -+ Mirine Biol, 22 12g- %z |

/SJ Jacobson, 8.M. and Eoylan, 1873. Eifect of seawater soiuble fracuvun:

of kerosene on chemotaxis in a marine snail, Nassarius obsolefus.

Nature, 241:213,

/f KARINCK, J. F. snd S. D. Rice. - 1974, Effects of Prudhoe Bay crude
oil on molting tanner crabs, Chioneccetes bairdi. Marine
Figheries Review, 36:31, '

2O  Kauss, et al,, 1872. Field and laboratory studies of the effects of crude
oil spilis on phytoplankton. In: Proceedings, 18th Annual Technical

Conference, Environmental Progress in Science and Education.

t?s& Kittredge, J.S., 1973, Effects of water-soluble component of oil

pollution on chemoreception by crabs. Fisheries Bulletin.

<. 2. Krebs, C.T., 1973. Qualitative observations of the marsh fiddler
(Uca Pugnax) populations in Wwitd Harbor Marsh following the

September, 1969 oil spill. National Academy of Sciences, Washington.

D.C., Unpublished manuscript.

élug_ |



“23  Kuhnhold, W.W., 1870, The influence of crude oils on fish fry. In:

Procéedings. FAQ conference, Rome, Italy.

'M—{ Lacaze, J. C., 1967, Etude de la croissance d'une algue
planctonique en preseénce d'un detergent utilize pour la
destrucnon des nappes de petrole en mer, C,R. Acad.

Scx. (Paris) 265 (Ser, D):489,

e R HACKII\ Jo M, and S H. Hopkins. 1961, Studies on oyster wmortality
in relation to natural environwents and to oil fields in
louisiana, Publs, Inst, Mar, Sei. Univ, Tex. 7:1-131,

26 MEINCK, F. et, al, "1956, Industrie—Abwasser. 20d Edit. (Gustov
Flecher Verlag, Stuttgart). p, 536, 48 D, M,

27 Mironov, O, G., 1967 Eﬂ'ects of- low concentranons of petrolewrd
‘&and its products on the development of roe of the Black Sea

ﬂatfxsh Vop. Ikhtiol, 7(3)557

Y Mironov, 0. G., 1870. The effect of oil pollution on floga and
.fauna of the Black Sea, In: Progeedings, FAO Conference on -

Marine Pollution and itg Effects on Living Resources and figh.
‘Rome, December, 1970, Food and Agriculture Organization

of the Umted Natmns. Rome.

.- . 1973, A preliminary
’ RE, S.  F. R. L. Dwyer and 8. M. Katz. .
-2'1 ' HOO ' asaes;ment of the environmental vulnerabilir.y of H?;hzas ‘6
Bay, Maine to oil supertankers. Report No, MIISG . P

| . f its compenents
. B. 1974, Effects of crude oil and some » @ '
30 MORROW,og young ccho and sockeye salwon., Publication EPA-660/3-73-C18

U. 5. E. P+ A,

3 ( NELSON-SMITH, A. -1973. Oil pollution and marine ecology. Plenum
© press., New Y_oxk._ 260 p.

3 2 Nuzzi, R., 1973. Effects of water soluble extracts of oil on phyto-
plankton. In:"I"roceedings, Joint Conference on Prevention and

Control of Qil Spills. Amer, Pet, Inst., Washington, D.C.

g}



Perking, E.J., 1970, Some effects of "detergents” in the marine

environment. Chem, Ind,, 1:i4,

3 PICKERING, Q. H. ond C. Henderson. 1966. Acute toxicity of some
‘/ important petrochemicals ro figh. Water Poll. Contr,. Fed.
J. 38 (8):1419-1429, : '

3‘5" Rice, 5. ﬁ., 1973, Toxicity and avoidance tests with Prudhoe Bay oil
and pink salmon fry. Proceed'ings of joint conference on prevention

. of oil spills, Wash., D. C. ., pp. 667-670,
3¢ Steel, D.L. and B.J. Copeland, 1967.. Metabolic responses
| of some estuarine organisms to an industriai, effluent

control, Mar. Sci. Univ. Texas 12:143-159-

37 Strand, J. W., et al,, 1971. Development of toxicity’ test procedure
for marine phytoplankton. P. 279f28-6.l .IE. American Petrolenm
Institute. Proceedings of a joint conference dn prevention and control

of oil spills, Washington, D. C.

. {ical survey of the
ical and Dceanograph
% 211 spill. Vol. 1. Biolopy and

éTRAUGHAN, p.. 1971 Biolo
cock Foundation, Univ, South,

! ganga Barbaxa channe
3 g bacteriolopy. Allan Han

Calif. 426 p.

39 Ted, J.H. 1972. An introduction to environmental ethology
Woods Hole Oceanographic Institution. Ref. 72-42. Woods -

Hole Hass, Unpublished manuscript.

'Vaughan, B.E. 1973. Effects of o1l and chemically dispersed
0il on selected marine biota - a iaboratory study.-
Richland, Washington, Battelle Pacific MNorthwest Laboratories

120 p. ~ _
11 ( Wells, P.G., 1872, Influence of Venezuelan crude oil on lobster

larvae, Marine Pollution Bull., 3:105,

Sy
o

A

A



Oi 2\ Wilber, C.G., 1968, Biological aspects of water pollution.

"f} Wilson, K.W., 1970, The toxicity of Gil-spill dispersants to the
embryos and larvae of some marine fish. ‘In: Proceedings,

FAOQO Conference, Rome, Italy.

val Wohischlog, D.E. and J.N. Cameron. 1967. Assessment of jow jevel.
stress-on tne respiratury wetabolism of the pinfisn {vayodon-

* rhomboides), Inst. Mar. Sci. Univ. Texas 12:160-171

NE-A



4 n

species, and (2) the possibility of edible marine organisms incorporating
the high boiling, carcinogenic polycyclic aromatics in their tissues,
Nelson-Smith (1871) 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 uxichanged (Blumer, 1970).

Oil pollutants may also be incorporated into sediments, There is

evidence tha.t once this occurs in the sed1ments below the aerobic surface

la yer, petroleum oil can remain unchanged and toxic for long pericds, since its rate

of bacterial degradation is slow. For example, 'Blumer (19790) 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 form of

oil-laden sediments to more distant areas that had remained unpolluted

immediately after the spill. "fhe pers-iste.nce of unweathered oil within
the sediment could have a long-term effect on the struc’cure.of the benthic
community or cause the demise of specifié sensitive imporiant specles.
Moore, g’g‘g.. (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 Inhibition or

delay of cellular division in algae by oil concentrations of 107 to
1071 mg/1. Jacobsen and Boylan (1973) reported a reduction in the
chemotactic pérception of food by the snail, NasSar_i.us obaoletus, 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 aetergent.

Because of the great variability in the toxic properties of oii,
it is difficult to ‘establish a ﬁtmerical criterion which would be
applicable 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 concentrations for petroleum derzved
substances far exceed the limits of taste and odor. Since petroleum
deriva;tives become organoleptically objectionable at concentrations far
below the human chronic toxicity, it appears that hazards to humane will
not arise from drinking cil-polluted waters (Johns Hopkins University,

1956; Mckee and Wolf, 1963). Oils of animal or vegetable origin generally

- aye 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 deleterious effects to impcortant species

or the bottom commnity as a whole.

Petroleum and nonpetroleum oils share some similar phvsical and chemical
properties. Because they share common properties, they may cause similar harmful

effects in the aquatic enviromment 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) ;eth#i’ effécts on f'ish'by coating
epithelial surfaces of gills, thuspreventing respiration, (c) potential fish
kills due to biochemical oxygen demand, (d) agphyxiation 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-
linies and beaches. These and other effects have been documented in the

U.S. Department of Health, Education and Welfare report on "'Cil Spilis
-Af}‘e'cting the Minnesota and Mississippi Rivers" and the 1975 "Proceedings

of the Joint Conference on Prevention and Control of Oil Spills."

9>
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Oils of animal or vegetable origin generally are chemically non-toxic to
hgrans or aquatic life; however, floating sheens of such cils result in
deleterious envm: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

CRITERTA:

Aesthetics: Water should contain sufficient dissolved oxygen
to maintain serobic 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 is 5.0 mg/liter, The
criterion for salmonid spawvning beds is a minimum of 5.0
mg/liter in the interstitial water of the gravel.

INTRODUCTION:

Dissolved oxygen historieally has been .a major constituent of
interest in water quality lnvestigations., 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,
Traditionally, the design of waste treatment requirements wasg. based

~on the removal of oxygen demanding materials so as to maintain the

dissolved oxygen concentration in receiving waters at prescribed levels,
Sophisticated techniques. have been developed to predict the dissolved
oxygen concentration under various hydrologic, hydrographic, and waste
loading conditions (Velz, 1970). Dissolved oXygen concentrations are
an important gage of existing water quality and the ability of a water
body to support a well balanced aquatie fauna, :

RATTONALE:

The sesthetlc qualities of water require sufficient dissolved oxygen
present to avoid 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 noxious gases such

a8 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
is desirable as an indicator of satisfactory water quality in terms of lovw
residuals of biologically 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 additional
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 (MBS, 1574).
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Dissolved oxygen also is required for the biochemical oxidaticn of
armonia ultimately to nitrate in natural waters. This reduction of
ammonia reduces the chlorine demand of waters and increases 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) fish vary in their 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 emploved 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 speclas
and other variables, the dissolved oxygen criteria are based on the
concentration that will support a well-rounded population of fish {Fllis,
1937) as it would occur under natural conditions. A population of fish
is compesed 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
populations imposes limits on the types of research that can be usad as
a basis 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, Field 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 1t necessary to be conservative in relating fish abundance
and distribution to oxygen concentration alone, but enough observations
have been made under a variety of conditions that the impertance 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; Herrmamn, 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 - Y
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 species at 9 mg/liter, Ellds 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 mg/%iter is adequate is 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 emhryonic and larval stages are especially vulnerable to reduced

oxygen concentrations because their ability to extract oxygen from the
water is not fully developed and they cannot move away 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, 1565;

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 is slow
enough the developing fish and other organisms can easily deplete the
oxygen supply enough to cause damage, especlally 1f the concentration in
the water is relatively low before it enters the gravel (Cooper, 1965;
Coble, 1961; Brannon, 1965). With a permeable gravel and abundant flow,

5 mg/liter in the overlying water should be enough. This concentration
could well be inadequate, however, with a less porous gravel and a slower
flow. Since the permeability and flow have so important a bearing on '
the initial oxygen concentration required to maintain the intragravel
concentration, and since these characteristies vary with location, it is
proposed that the criterior 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 sufficiently 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 invertebrares are less gsensitive
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 entirely satisfactory for fish,

ho material impairment of the food resources for fish ascribable

to dissolved oxygen insufficiency will occur.
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ALDRIN~-DIFEIDRIN

CRITERIA:
+003 ug/l for freshwater and marine aquatic life.
The pers;stenct_e, bicaccumlation potential
and carcinogenicity of aldrin-dieldrin cautions
human exposure to a minimum.

RATICNALE:

Since dieldrin is a highly persistent chemical which bicaccumilates
in aguatic organisms used for human food and is élso considered a poténtial
mman carcinogen, levels of dieldrin in waterv.:ays should be kept as low
as feasible. Action by the Envircrmental Protection Agency in suspending
the producﬁion ard use of dieldrin should result in a gradual decrease
in concentrations in the enviromment. Such
additions should not be permitted without substantial documentation that
altexnatives ave either infeasible or potentially more hazavdous. The
persistence, biocaccumuilative properties and carcinogenic potential of
dieldrin should be taken into accomt when determining the uses of water

with measurable amounts 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 or 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 found to occur also at lowexr trophic levels. The relative rates of
this conversion were low for algae and high for the 'pro’wzoa {Kahn, et al.,
1572). Because of this metabolic conversion and because of evidence that

dieldrin is as toxic or slightly more toxic than aldrin 0 aquatic organisms

A0



{(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 comprising five long-temm oral studies feeding dieldrin
to (F-l mice at varicus concentra{:ions, liver enlargements and tumors were
detectable. Appearance of tumors was dose responsive since tumors occurred
9 months following treatment with 10 prm; 19 months with 5 ppm; and 23
months with 2.5 pgom.  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 poses a cancer hazard to man is
provided by mouse laboratory data. Although the liver was the principal
crgan affected in the mouse and was a major site of action 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 minncw, Pimephales pramelas; bluegill,

Lepanis macrochirus; and green sunfish, Lepamis cyanellus, respectively

(Tarzwell and Henderson, 1956).

The IC50 for the stonefly naiad, Acroneuria pacifica, exposed to

dieldrin in a continucus flow bicassay system for 20 days was 0.2 ug/l

{Jensen and Gaufin, 1966). The 48-hour EC50 {immcbilization value at 15°C) Zor

daphnids, Simocephalus serrulatus and Daphnia pulex, to dieldrin was
0.24 mg/1 and 0.25 mg/1, respectively (Sanders and Cope, 1966).

il
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The sailfin molly, Poecilia latipinna, appears to be the most

sensitive frestwater 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 copcentration during a l4-nm£h exposure
Exposed populations developed greater total mumbers of l:i,ndiv:i.'duals than
did controls. 'misphexurenonmyhavebeéncausedbyslightchangém
the feeding behavior of the adults induced by dieldrin, cansisting of
inhibition of the nommal predation by the adults upon the fry (Cairms,
et al., 1967). |

Residue accumilation of dieldrin and aldrin is well docurented. Ievels
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 concen&at:.ons m I.ake m.clngan were:
in the 1 to 3 nanogram/liter range, and whole-fish concentrations ranged
from a low of 0.03 ppm for lake whitefish to 0.20 pm for lake herring,
0.23 ppm for bloater, and 0.28 ppm for kiyi. Isboratory exposures of
fish,. invertebrates, and algae have indicated that residue accumalation

£



of aldrin and dieldrin is significant. The Reticulate sculpin,
Cottus be.rolemzs_, exposed to 8.6, 1.7, 0.86, 0.17, 0.086, and 0.01l7 vg/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/l dieldrin
in water concentrated dieldrin in all tissues (wet weight basis) at
least 10,000 times (Lane and Livingsten, 1970). At the termination

of a 64-week exposure of the ostracod, Ciﬂ.azrydoﬂmeca arcuata, to watar

concentrations of aldrin at 0.0l and 0.10 ug/l and dieldrin at 0.01 ard
0.10 ug/l, dieldrin recovery from the tissue (dry weight besis) was
12,000 to 260,000 times the initial thecretical water concentrations
(Kawatski and Schmulbach, 1971). In a model ecosystem study, residue
accumilation factors (wet weight basis) for dieldrin were determined

to be 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
concentration for Elodea, 247 ..tines 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
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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
dieldrin 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, Saimo gairdneri,

fed dietary dieldrin dosages of 0.36, 1.08, 3.6, and 10.8 ug dierrin per -
gram of food (ppm), brain concentrations of thfee amino acids associated
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
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Hungarian partridge (Neill, et al., 1969).- Slight eggshell thinning was
noted in mailard ducks fed 3 ppm dieldrin (Lehner and Egbert, 196%9). Deer
were affected By long-term feeding at 2 ppm dieldrin (Murphy and Kerschgen,
1970). A guideline of 0.3 ppm has been set by the Food and Drug Adminis-

tration as an upper Timit on food for human consumption.

Cdnsidering the 100,000-fold biocaccumulation 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 Llgg (7.9 ugfi for bluegill) by
a factor of 0.0004, and ]owefﬂthan the 20 day LCgp for the stonefly,

~ Acroneuria pacifica, by a factor of 0.02. It is therefore believed toc provide

an adequate level of protection for freshwater aquatic life.

In bicassays performed on the mullet, Mugilidae sp., death occurred
for 15 percent of the test organisms at 0.5 ug/l dieldrin. When exposed to

dieldrin at 1.35 ug/1 for four days, fish wers found to have degenerative

. changes in the,gii1s and visceral tissue (Parrish, et al., 1973}. A

sensitive marine crab, Leptodihs floridanus, exhibited delay in development

at concentrations of 1 and 0.5 ug/1 dieldrin (Epifanic, 1971). At 1 ug/]

dieldrin there was a 70 percent mortality of pink shrimp, Penaeus duorarum, .

within 24 hours and the 96-hour LCgp 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 mol]usc; Rangia cuheata, for a
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36-hour exposure with a maximum accumalation 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., 1373). At a water concentration of 0.5 o
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 : : - "
96-hours to dieldrin ranged Fram 2,400 to 21,500 for oysters; 280 to | |
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. Spot 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 accumilation and metabolism of dieldrin by species o
representing different taxonamic divisions of marine phytbplarﬁcton,

concentration factors chserved 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 biocaccumulation from the environment are available for
marine fish. 1In the absence of such data, there is no reason to assume
that the accumilation 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 agquatic life.

-
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CHLORDANE
CRITERIA:
0.01 ug/l for freshwater acquatic life.
0.004 ug/l for marine aquatic life.

The persistence, bicaccumilation potential
and carcinogenicity of chlordane cautions
human exposure to a minimam.

RETIONALE :
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 Envirommental 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 ﬁ:ennitted

without substantial documentation that alternatives are either infeasible
or potentially more hazardous. The persistence, bicaccumalative 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, 1950; Naticnal Technical Advisory Committee, 1968; Clemens
end Sneed, 1959; Macek, et al., 1969). Physical conditions varied

among the tests reported and, in addition, most were conducted undex
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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 IC50 values of 37, 47, and 59 ug/l for
fathead minnows, brook trout, and bluegills, respectively. These
values fall within the range of the majority of acute toxicity values
reported in the literature. The most sensitive fish reported was the
pike, which suffered distress after 24 howrs at 5 ug/l and 100 percent
mortality within this period at 50 ug/l (Ludemann and Newmann, 1962).

Published acute toxicity values for U.S. freshwater invertebrates
are similar -to those forl fishes and range from 4 to 10,000 ug/1
(Caxdwell, et al., 1975; Nagvi and Ferguson, 1969; National Technical
Advisory Camittes, 1968; Sanders 1969, 1972). Daphnia macma ard

‘ Hyéllela azteca tested under flow-through conditions yielded 96~hour

"ILC50 values of 28 and 97 ug/l (Cardwell, et al., 1975), falling within
the range of the majorz.ty of valuas reported for acute toxicity to

 invertebrates. The Tost sensitive species reported was the glass

.shmmp, Palaetmnetes kadiakensis, with 96~hour ICS0 values of 10

and 4 ug/l, respectively, in static versus flow-through biocassays
(Sarders, 1972). Iudemann and Newnarn (1962) found that Chironomus
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
(Chironcmus No. 51, a midge), 5 ug/l (Hyallela :__azte__ca;)’ and 12 ug/1
(Daphnia magna). Survival of hrook trout larvae to 12 days was reduced

by 35 percent at 0.3 ug/l (the lowest concentxation tested) but overall

effects were decreasing at this level.

Avaiiable acute toxicity values j.ndicate that individual species
of both fishes and invertebrates vary greatly in sensitivity 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 ﬂzié sensitivity
range. Data fc.or the application factors derived using acute and sub-
chronic toxicity concentrations 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 concentrations of chlordane may have been somewhat

lower as Cardwell, et al. (1975), fownd that concentrations could not 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 calculsted value using the experimentally determined application
factor ( 0.009 ¥ 5.0 ug/i = 0.045 ug/1). For this reason the calculated
value for chlor@ane is xmundedx@mzx lovered to a recommended concentration

in freshwater that should not exceed 0.0l ug/1. 1If the
proposed freshwater water quality criterion of 0.01 is not

exqeeded it is estimated that levels reached in freshwater

5y
£
33

o



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 howrs. 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 ICS0 of chlordane to bhe

11.8 ug/l1 for the sEri’ped. bass, Morone saxatilis. Butler (1963) reported

the‘foildwing 48~-hour IC50 values: hrown shrimp, Penaeus aztecus —

4.4 ug/l; juvenile blue crabs, Callinectes sapidus — 480 ug/l; and
juvenilé. white mllét,.mgil. curema — 5.5 ug/l. Parrish, et 21. (In Press),
repbrted the following 96-hour 1IC50 values: pink shrimp, Penaeus duorarm --

0.4 ug/l; grass shrimp, Palaemonetes pugio — 4.8 ug/l; sheepshead minncw,

Cyprinodon variegatus == 24.5 ug/l; and the pinfish, Lagodon rhorboides ——

6.4 ug/l;' The BECS0. for shelldeposn.tlon 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 1CSO
of 0.4 ug/l wasreported - '

If appears that reportéd'ooncentrations c.-af. "total chlordane" in
fishes have been calculated frem measwrements of one or two of its
major conponents under the assumption that the ratio of components was
-similar in bothrthe 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 .water by a factor of 1000 to 3000 times and
invertebrates may oohcentrate to twice this magnitude (Cardwell, et al.,
1975). Data on the bidaccmmlatipn of chiordane by estuarine organisms

have been reported by Parrish, et al. (In Press). In the 96~hour test,

chlordane concentration facters were 3,200 to 8,300 in oysters, Crassostrea

virginica ; 4,000 to 6,000 in pink shrimp, Penaeus duorarum ; 1,900 to

2,300 in grass shrimp, Palaemonetes 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 from 3,700 to €.300 in edible portions. Reported concentrations
of 10 to 100 ug/kg we-ere.ccmron in fish samples cbtained 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
cperations- (Barthel, et al., 1969; Casper, 1967; Godsil and Jcruison, .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
accumulation 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.
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- Based on the per.sistence, bicacoumlation potential and
carcinogenicity of chlordane, an application factor of 0L is aprplisd
. to the most sensitive marine agquatic species, the pink shrimm. 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= 100 ug/1 for domestic water supply (health)
2,4,5=-TP 10 ug/l for domestic water supply (health)
RATIONALE:

Two widely used herbicides are 2, 4—D'(2,
4-dichlorophenoxyacetic acid) and 2, 4, 5-TP (silvex) [2-(2, 4,
5-trichlorophenoxy) propionic acid]l. Each ofiﬁheae 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 390 déys, and serious
effects from a dose of 20 mg/kg/day for 90 days. Lehman (1965)
reported that the no-effect level of 2, 4-D is 0.5 mg/kg/day in
the rat, and B.0 mg/kg/day in the dog.



in a Volunteer over 5 2l-day Periog (Kraus, 1346, When 2, 4up
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TABLE 8. DERIVATION OF APPROVAL LIMITS (AL) FOR CHLOROPHENOXY HERBICIDES

Lowest Long-Term
Levels with

Calculated Maximum Safe Levels

LRI TS PRI

Minimal or No Effects From all Sources of Exposure Water
: ., Safety b % of AL
Compound Species mg/kg/day Factor (X) mg/kg/day mg/man/day Safe Level mg/1°
2,4-D Rat 0. 5% 1/500 0.1 7.0
' : - 20 ¢.1
Dog 8.0 ** 1/500  0.016 1.12
L 2,4,5-Tp Rat 2.6 * 1/500 0.005 0.35
0 h 20 0.01
Dog 0.9 * 1/500 0:002 0.14d

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.Jd., 1965.
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CRITERION:
0.00Y ug/1 for freshwater and marine aquatic tife.
The persistence, biocaccumilation potential
and carcinogenicity of DDT cautions human
exposure to a minimm.

RATIONALE: _

~ In general, DDT (1,1,1-trich1oro-2,2wbis(p—chioropheny])ethane) :
refers to DDT and its metabd1ites. Acute toxicity to mammals generally
is Tow; however, aquatic organisms exhibit sensitivity to this pesticfde
ét 1eveis in micfograms pér 1iter;- Such Iéve1s range from a 96-hoﬁr |

LC50 of 0.24 ug/1 for the crayfish, Orconectes nais (Sanders, 1972}, '

to a 96-hour LC50 of 2 ug/1 for the Targemouth bass, Micropterus sa1mbides

{Macek and McAllister, 1970), to a 96~hour LC50 of 27 ug/1 for the

goldfish, Carassius auratus (Henderson, et al., 1959).

Since DDT is a highly persistent chemical which bioaccumulates in
aguatic organisms used for human fbod and also is considered a poteﬁtia1
human carcinogen {Train, 1975), Tevels of DDT in Waterways should be kept as
low as feasible. Action by the Envircnmental Protection Agency in
suspending the production and use of ODT 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, bioaccumuiative properties and carcinogenic potential of
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:'(Young and Beeson, 197§E; DDT in ocean water along the west ¢oast has

DDT should be taken into account when determining the uses of water

containing measurable amounts of DOT.

‘Two- to 4-day LC50's for freshwater aguatic invertebrates 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, 196%; Sanders, 1972; Sanders and Cope, 1966 and 1968
Henderson, et al, 1959; Macek and McAllister, 1970). The most sensitive
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 duorarum and P.

“setiferus, for which no survival was observed at 0.12 ug/1 after 28 days'

exposure and 30 percent horta?ity obsefved at 0.05 ug/1 after 56 days

(Nimmo, et al., 1970)

DDT will accumulate in the food chain. Field data where pesticide
levels in both the water and aquatic organisms have been measured depict

the quantity attributable to this bicaccumulation. A residue accumulation

~of up to two miTlion'timéé was caTcu}ated for fish from the field data

of:Réinert“(IQTOJ._‘Thé measufed'DDTVWater concentration in his study of

Lake Hich1gan'was in the nanograh per Titer range. This accumulation

s 20_times_greater than that observed in the National Water Quaiity

Labbﬁatory, Duluth, Minnesota, where residue accumulation of 100,000 times
wa§ observed. If oﬁe uses a two million times residue accumulation facter
and a DDTrwater cdncentration of 0.002 ug/1 an expectad DDT body burden

of74 mg/kg (ppm) in fish would result.

"':Otﬁéfl5#Udies show that measurable quantities of DDT can be found

. in natural waters of North America. DDT averaged 0.02 ug/1 in the San

" Diego ﬁiver;'California; in the_spring—fa]] dry weather flow of 1973

+J
'U.I
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ranged from 0.0023 to 0.0056 ug/1 (Cox, 1971). Rivers flowing



LR = L R R

into estuaries (Brazos and Colorado in Texas) each have a two-year

average of 0.03 ug/1 (Manigold and Schulze, 1969).,

Idﬁiaboratory studies, Hansen and Wilson (1970) found that the bio-

accumulation factor from water to pinfish, Lagodon rhomboides, was

10,000 times and to Atlantic croaker, Micropegon undu]atus, 38 000 times,

or an average of about 25,000 times for these f1shes The d1screpancy
_be;ween_‘iaboratory and field data ey 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 ma11ards 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

shelis. 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 in 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 mada
that the diet of pelicans should contain no more than 0.1 the estimated

(2.0 mg/kg) no-effect level of DOT 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 birds, it is recommended that DOT concentrations in water should

not exceed 0.001 ug/1.
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DEMETON

CRITERION:
0.1 ug/l for freshwater and marine aquatic life
RATIONALE:

Static IC., bicassays yielded toxicity values for the oﬁgaﬁo—
phosphorus pest1c1de, demeton, for carp, goldfish, fathead minnow,
channel catfish, guppy, reinbow trout, and blueglll. ranging from 70 ugll
to 15,000 ug/l (Henderson and Pickering, 1958; Ludemann and Neumadnn,
1962; Macek and McAllister, 1970; McCann and Jasper, .197.2; Pickefin-g.
et al., 1962). Results of these tests demonstrate an 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 wereé
comparatively resistant. In the 96-hour exposures toxicity did not 1n-
crease significantly with time, indicating that concentrations close té
nominal may not have been maintained for more than a few hours. Biuegills
with a 24-hour LC_ _ of 70 ug/l were the most sensitive fish (MéCann and

30
Jasper, 1872).

When fish were exposed to acutely foxic levels of demeton for 12 hours
by Weigs (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 L.C

levels approaching normal fook many more weeks., Weiss (19 58)
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 conirols., Weiss and
Gakstatter (1964a) reported no significant inhibition of brain AChE in

bluegills, goldfish, and shiners, Notemigonus crysoleucas, following

15-day exposures to demeton at continuously replenishéd, norninal conecen-

- - centrations of 1 ug/l.

. Acute toxicity values reported for invertebrates range from 10 to

100, 000 ug/1 (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 9 data

“ for invertebrates apparently are hmted to a single, nommal concentration

e static exposure of Gammarus faSmams (Sa.nders, 1972) Thege 24~ and
- 96-hour LGy - va.lues are reported as 500 and 27 ug/l, indicating a

~ time-related effect not observed in the bioassays with fishes. As only a
few of the sensmve spec1es have been tested and great variance in

':response can result w1th different test methods, caution must be exercisad

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 ﬁn‘.ght result from ghort exposures to sub-

acute cori_ééritr-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 ECyq of 63 ug/l-fqr the pink shrimp,
Penaeus duorarum, and a 24-hour ms'o of 550 ug/1 for the spot, 'I.eiostamis

Chronic demeton tox:.c:.tydata for freshwater ca:ganlsns are not currently

available. Since there are no data available at this time to indicate

long~term no-effect levels for aguatic organisms, a criterion must be -
derived based partly on the fact that all organophosphates 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 comuon: organophosphates, even though :Lts acute tox:.c:.ty J.S apparently
less. The effective "half—l:.fe" of AChE inhibition for demeton is greater .
than one year (Weiss and Gakstatter, 1964b). Because such inhibition may
be additive with repeated exposures and may be compounded by any of the
orga.ncsphosphates,. it is recommended that a criterion for demeton be based
primarily on its enzyme-irhibiting potential. A criterion of 0.1 ug/l
demeton for freshwater and marine aguatic life is recamended si.nce_ 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.

2Lz
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ENDOSULFAN

CRITERIA:
0.003 ug/1 for freshwater aguatic 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 endosulfan at three temperatures

and computed 24-hour and 96-hour LC50s. At 1.6° C, 7.2° ¢, and

12.7° C the_24;hour LC5Q's were 13,76.1,_and 3.2 ug/1, respectively.

The corresponding 96-h¢ﬁr_LC50 va]ues-wefe_Z.S,,I.Y,Iﬁnd 1.5 ug/1.
Schoettgef (19?0), however, reports the 96-hour LCgq forﬁrainbow.trout “

to be 0.8 ug/lat 1.5° C and 0.3 ug/1 at 10'0 C. He also determined the

96-hour LC for the western white sucker, Castostomus commersoni, to
50 o
be 3.5 ug/l at 10 C and 3. Oug/I at 19 C. |

A masswe f1sh ks.ll in the Rlune Rwer was’ attrlbuted to a maximum .

concentratlons of 0.7 ug/l endosulfan (Greve and Wit, 1971) The 96-hour
o
LC .at20 Cin 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/1 (Herzel and ILudemann, 1971).

The 24-, 48-, and 96-hour 1.C for the amphipod, Gammarus
508
lacustris, were found to be 9.2, 6. 4, and 5.8 ug/l (Sanders, 1969).
Sanders and Cope (1 968) determmed the 24- 48-, and 96 -heur LC50's

-~ for nalads of the stonefly, Pteronarcys

-
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califernica, to be 24, 5.6, and 2.3 ug/1, respectively. The %6-hour

LCgqy 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 Brug Administration has not set aliowable Timits for

endosuifan in edible fish tissues.

A 0.01 application factor applied to the lowest measured 96-hour
LCsg for the rainbow trout (which appears to be 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 LCgy for thepogge a fishy » Agonus cataphractes,

was 30 ug/1; the 48-hour LCgy for a mussel, the European cockle,

Cardium edule, was greater than 10,000 ug/l1; the 48-hour LCgg for the

shrimp, Crangon crangon,‘was‘lo ug/1.

Butler (1963) reported a 48-hour ECg death or loss of equilibrium

of 0.2 ug/1 for the brown shrimp, Penaeus aztecus, a 48-hour ECgy for

juveni]e blue crabs, Cailinectes sapidus, of 35 ug/1; and a 48-hour

ECgp of 0.6 ug/1 for juvenile white mullet, Mugil curema. A concen-

tration of 65 ug/l resulted in a 50 percent decrease in shell growth

of the American oyster, Crassostrea virginica, at 28° C and a salinity

Dbl



of 22 o/oo. Korn and Earnest (1974) report a 96-hour LCsy of 0.1 ug/l

for the striped bass, Morone saxatilis.

Use of an application factor of 0.01 times the 96-hour LCgy 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/1 for freshwater and marine aquatic 1ife.
RATIONALE:

The highest level of endrin found to have minimal or no Tong-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 level 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 assumptiqﬁithat_zo

percent of the total intake of endrin is from drinking water, that the

‘average person weighs 70 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 LCsg (Hermanutz, 1974). Ninety-
six-hour LC5D's for some of the sensitive freshwater fish tested are as
follows: bluegills, 0.6 ug/1 (Henderson, et al., 1959); rainbow trout,
0.6 ug/1 and coho salmon. 0.5 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 sensitive fiéh, based

on the flagfish application factor is approximately 0.03 to 0.18 ug/1.

Stonefly naiads appear to be the most sensitive invertebrates
tested. Jensen and Gaufin (1966) found the 30-day LCgg 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 orgahisms 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-f01d was 6bserVed in 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.
" paximum of 1,600 in oysters, 1,700 in pink shrimp;7860 in grass shrimp,
4,500 in sheepshead minnows and 2,500 in the sailfin molly (Schinmel,
.'ggtgl:, 1975 ). Johnson (1967) calculated the concentration in adult
- medeka tissue to be 1?,000 to 26,000 times the water concentration. It
g ~ 1s quite possible that some-fish~wou1d_aécumulaté endrin to 30,600-timeé-
- -water concentration. This degree-of.accumu1ation is based only on
“'3‘dbservations of uptake directly from the water and does not allow for
Q'ﬁaccumulation 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
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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

abprdximate]y‘haif.the population survived at-a 1éve1-of'0,075‘u§/1 g
after 19 days (Lowe, 1966). |
Davis and Hidu (1969) reported the 48-hour Tim of American oyster
eggs to be 0.79 mg/1 and the 14-day Tlm for Tarvae ﬁo 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 pugio - 1.8 ug/1; and hermit crab,

Pagurus longicarpus - 12 ug/1. The following 96-hour LCs, va}ués 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, Anguilia rostrata ~ 0.5 ug/1; mummichog, Fundulus

heteroclitus -~ 0.6 ug/1; and Northern puffar, Sphoeroides maculatus -

3.1 ug/t. The 96-hour 1.C30 for striped bass was 0.09% ugfe

72
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(Korn and Farnest, 1974),shiner perch, Cymatogastes agoregata, 0,12
ug/l and dwarf perch, Micrcmetrus minimis, 0.13 ug/l (Earmest and Benville,

1972). Ninety-six hour I1C50's based on measured concentrations were

0.63 ug/l for sailfin mollies, Poecilia latipinna, 0.38 ug/l for sheep-

shead minnow, Cyprincdon variegatus, 0.63 wy/l for grass shrimp,

Palaemonetes pugio, and 0.037 ug/l for pink shrimp, Penaeus duorarmm

(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

C.01 of the 96-hour IC50 may be over protective, Therefore, for endrin

this factor should be 0.1, Based on this, the criterion for salt water

should be 0.1 of the 96-hour 1C50 for pink shrimp: 0.004 ug/l. This

. criterion should also be protective of freshwater agmatic life.

13
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GUTHION

CRITERION:

.01 ug/1 for freshwater and marine aquatic life, -

RATIONALE: |
Ninety-six-hour LCgg 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 McAilister,
1970). The only long-term fish exposure data available are those obtained

recently by Adelman and Smith (unpublished data). Decreased spawning (eggs

produced per female) was observed in fathead minnows, Pimephales promelas,

- exposed during a complete 1ife 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
Toss of guthioh in about 48 hours. Flint, et al. (1970} determined the
half-1ife of guthion at 30° C in pcndwater and in a phosphate buffer
orotected 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. .

Drganophosphate pesticides are toxic because they inhibit the enzyme

acetylcholinesterase (AChE) which is essential to nerve impulse conduction

P
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and transmission (Hollaod, et al., 1967). Weiss (1958, 1959, 1961)
demonstrated that a 40 to 70 percent inhibition of fish brain AChE
usually is lethal. Centrarchids generally are considered one of the
more sensitive groups of fish to guthion (Pickering, et al., 1562; Weiss
and Gakstatter, 1964; Meyer,‘1965). Weiss and Gakstatter (1964) found

that over a 15-day period bluegills, Lepomis macrochirus, exhibited .AgKE

inhibition at 1.0 ug/1 guthion but not at 0.1 ug/1. Exposure at 0.05 ug/}

for 30 days also failed to produce inhibition below the range of normal

~ variation, but the authors~stated that it appeared there was a downward

trend in bra1n enzyme act1v1ty and that if exposure was continued a

"‘fdef1n1te reduotaon mtght deve!op Weiss (1961) found that about 30 days
. were requ1red for fathead minnow and b1ueg11! brain Acht 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 brajn AChE and morta]ity:

After substantial inhibition by guthion-exposure, it takes several WeeKs

for brain AChE of f1shes to return to norma] even though exposure is

16!
discontinued (Weiss, 1959 and Carter, 1971) Inh1b1tion of brain

‘W-AChE of f1shes by 46 percent or more has been associated with harmful
'5‘:;effects 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,

gt a1.,In Press). In static tests, similar inhibition of ACHE and mortality
were caused in the eheepshead minnow,:Cyprinodon‘variegatus, in 2, 24, 43,

and 72 hours at concentrations of 50 7, 3.5, and 3 ug/1, respectively

'(Coppage, 1972). These data 1ndicate that reduction of brain AChE activity

‘h_,of mar1ne 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 . \\_,/2
fish calculated from the data of Meyer (1965) indicate no more than a 20- |
fold accumulation. LDgg toxicity values for birds are relatively high and

range from 70 to 2,000 mg/kg (Tucker and Crabtree, 1970).

Ninety-six-hour LCsq values for agquatic invertebrates rangé from -
0.10 to 22.0 ug/! (Nebeker and Gaufin, 1964; Gaufin, et al., 1965; Jensen s
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, respectivé]y. He found that

the amphipod, Gammarus fasciatus, was the most sensitive aquatic'okganism
tested, with a $6-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, respéctfvgiy, S

whereas for Pteronarcys californica the values were 4.6 and 1.3 ug/1,

respactively.

Results of other toxicity studies on marine organisms have
been reported. The 24-hour LCg, for the white mullet, Mugil curema, was
found to be 5.5 ug/1 guthion {Butier, 1963). The 96-hour LCSO for the

striped mullet, Mugil cephalus, was determined by Lahav and Sarig (1969)

to be 8 ug/) guthion. Portman (1972) reported the 48-hour LCsg for the
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fish, Pleuronectes limanda, to be 10 to 30 ug/1. The 48-hour Legq for

the European shrimp, Crangon crangon, was found to be 0.33 ug/1 guthion
“(Portman, 1972). Butler (1963) found that thé 24-hour EC5g for blue crab,

Callinectes sapidus, was 550 ug/1 and the 48-hour ECgg 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 Tevel 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 8.3 ug/1 for the European shrimp.
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HEPTACHLOR

c! RIOGN:

s
et
-
[

001 ug/1 for freshwater and marine aguatic Tife.

The persistence, bicaccumutation potential and
carcinogenicity of heptachlor cautions human
exposure to a minimum.

RATIONALE:

The acute toxieity of heptachlor to mammals is generally low;
howéver,-aquatic organisms exhibit sensitivity to this pesticide
at micfogram per liter levels., Such levels range from a 96=hour -

LCyy of 3 ug/l for the juvenile striped bass, Morone saxatilis

{Korn and Earnest, 1974} to a 96-hour LCgp of 111.9 ug/l for the

threespine stickleback, Gasterosteus aculeatus (Katz, 1961).

Sanders and Cope (1968) reported even lower 96~hour LCg, values fo

three species of stoneflies; Pteronarcys californica, l.1 ug/l;

Pteronarcella badia, 0.9 ﬁq/l and Claassenia sabulosa, 2.8 ug/l.

Anderson (1960) found that Daphnia magna were immobilized

after 50 hours exposure o 57.77 ug/l. A 48-hour LCg, of 42 ug/}

heptachlor for Daphnia pulex was reported by Cope {1366} .

Sanders and Cope (1268) determined the %96-hour LCg, values for the

steneflies, Pteronarcys californica, Pteronarcella badia and

.c1aassenia gabulosa to ba 1.1, 0.,% and 2.8 nug/l, respectively.




. 1€50's in flow-through bioassays: pink shrimp, Penaeus dugrarum

Sanders (1972) found the grass shrimp, Palaemonetsas kadiakensis,

with a 96=hour LCsp of 1.8 ug/l, to be the most sensitive among
three crustaceans tested in static biocassays. Stoneflies,
therefore, appear teo be the most sensitive group of freshwater

organisms among those tested.

Cope (1966) found the 48-hour LCg5y for heptachlor to the

bluegill, Lepomis macrochirus, and rainbow trout, Salmo

gaifdneri, to be 26 ug/l and 9 ug/1, respectively. The 96-hour
LCgg of heptachlor for the bluegill was determined by Weiss (1964)
to be 19 ug/l, Katz (1961) found that the 96~hour LC50's of

heptachlor for the coho salmon, Oncorhynchus kisutch; chinock

salmon, Oncorhynchus tschawytscha; rainbow trout, Salmo

gairdneri; and threespine stickleback, Gasterosteus aculeatus,

were 59, 17.3, 19.4, and 11.9 ug/l, respectively. The 96-hour

ICgg of heptachlor to the fathead minnow, Pimephales nromelas;

bluegill, Lepomis macrochirus; goldfish, Carassius auratus; and

. guppY, Poecilia reticulata, were determined to be 94, 230 and 170

~ug/l, respectively (Hehdarson,_gg al., 1959).

Data are available on marine animals exposed to heptachlor in

"96-hour flow-through bicassays. 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 $6-hour

'LC50 using juvenile striped bass, Morone saxatilis . to be 3.0

“ug/l. Schimmel et al., (In Press) reported the following 96-hour

4
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0.1 ug/1; grass shrimp, Palaemonetes vulgaris ,1.06 ug/l;

. sheepshead mﬁnnow;nyprinodbﬁ yariegatug, 3.68 ug/l; pinfisp,

Lzqodon rhomboides ,3.77 ug/1; spot, Leiostomus kanthurus:,o.ss ug/1.

Shell deposition of the American qysteg, Crassostrea virginica jwas

inhibited by 50 percent (EC50) at 1.5 ug/l heptachlor.
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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 blueéill, Lepomis macrochirus. Since the effective

(as opposed to the applied) concentration was apparently lower
than';he initial levels becaﬁée.of sorption and ﬁiologiéal
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 bioconcentration 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 Lc50 for the young of -
four species to range from 24 to 54 ppm. All wbodcockAdied from
a dietary dosage of 0.72 ppm and some dieé from 0.22 ppm {(Stickel
and Stickel, 1965). Residues ef thisﬁmagnitude (0.2 ppm) would
result in fish or other aquatie life if they were exposed‘to 0.01

ug/1 of heptachlor and accumulataed it at 20,000 times water
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concentrations. Such residues wduld pose a hazard to hirds as
sensitive as woodcock that fed on these fish, Residues of this
magnitude fall just under the 0.3 ppm guideline established by
the U.5. 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
bicaccumulates in aqﬁatic organimé used for human food and also -
"is considered a potential human carcinogen (Train, 1974) levels
of heptachlor in waterways sﬁould be kept as low as feasibla.
: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;ronment Any
_addltlon of heptachlor to water should be con51dered potentially
hazardous to humans. Such additions should not be permitted
'witbouﬁ subétantial documentation that alternatives are either

*]infeasible or potentially, more hazardous. The persistence,

-3Abloaccumulat;ve prcpertles .and carclnogenlc potentlal of

; heptachlor should be taken xnto aCcount when determlnlng the uses

o of wate:-containing measurable amounts. of heptachlor,

Using an 0.01 application factor to the 96-hour LCS0.
f of'OLI qg/l.for the pink shrimp, a marine criterion of 0.00]
| ug/1 is obtained. Toxféity and demonstrated bioaccumulation
‘ potentIal of heptach]or in freshwater biota reflects the

applzcabf11ty of the mar1ne cr1ter1on to freshwater

23]
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LINDANE

CRITERIA: |
4.0 ug/1 for domestic water supply (health);
0.01 ug/1 for freshwater aquatic Tite;
0.004 ug/1 For marina agua*ic 1i<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'tOtai isafe" drinking intake level is assumed to be 1/500 of the "no

effect" or “m1n1ma] effect" Tevel reported for the most sensitive

animal tested

Applying the available data and based upon the assumption that

.20 percent‘of the tdta1'intake of lindane is from drinking water, that

the average person wetghs 70 kg and consumes 2 Titers: of watnr per day .,

'Lthe formula for calcuiat1ng a cr1ter10n is G 3 mg/kg X 0 2 X 70 kg x 1/530 %
/2 = 004 mg, thus deraving the criterion level for domestic water

' supp]y of 4 ug/T

: The brcwn 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,.1970)uhéve documented increased

" resistance to lindane toxicity among fish and

2
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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 lindane. Macek, et al. (1974) determined

the acute and chronic toxicities of Tindane to Daphnia magnas 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/1 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 Tindane
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 (1967) chserved accumilations of up

i i i is).
£ 250 times ewposure concentrations in marine mollusks {wet weight bas

S92



The recommended guide]ine of the U.S. Food and Drug Administration
for Tindane 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 quideline.

:

EisTer (1969) feportedlgs-hour LCsp 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 pugic.

Butler (1963) found the following 48-hour LCxq 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 LCgg of 7.3 ug/1 for the striped bass, Morone saxatilis was

reported by Korn and Earnest (1974). gchimmel . (unpublished data)
fourdl the pink shrimp, Penaeus duorarum, 96-hour ICS0 to be 0.17 ug/l,

lgrass shrinmp Balzeronetes pugio, 4.4 ug/l and pinfish, Lagodon rhomboides,

6 ug/l in flow-through bicassays.
Until additional dat.a on the effect of lindane to marine organisms
ars av=1lablr=, it is rec::trmemded that a marine crlterlon be based cn 0.01
| of the 0.4 ug/l 96-hour . IC -value for the brown shrimp. - The marine
crlte.r:.on :LS therefore, 05g04 ug/l.
Unpublished data suggest that the pink shrimp is a more sensitive

‘species than the brown- shrmp, “however for vurvoses of achievina

a criterion the publ:.shed data -_were used. A level of 0.004 ug/l should

provide a margin of safety for both sensitive species.
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MALATHION
CRITERIOH:

0.1 ug/l for freshwater and marine aquatic life,

RATIONALE:

The freshwater f£ish most sensitive to malathion, aﬁ
organophosphorus pesticide, appear to be the salmonids and.
centrarchids., Post and Schroeder (1971) report a 96-hour LCsg
between 120 and 265 ug/l for 4 species of salmonids; Macek and
Mqulister f1970) found a 96-hour LCg, range between 101 and 285
ug/l for 3 species of centrarchids and.3 species of salmonids.

Other 96-hour LC50's are: rainbow'traut, Salmo galrdneri, 68 ug/l

{Cope, 1965); largemouth bass, Micropterus salmoides, 50 ug/l1

(Pickering, et al., 1962) and chinook salmon, Oncorhynchus

tshawytscha, 23 ug/l (Ratz, 1961)., All of the above tests were
in static systems. Eaton (1970) determined a 96-hour LCg, for

bluegill, Lepomis macrochixus, in a flew-through system at 110

ug/l. Macek and McAllister (1970) reported & similar 96~hour ILsq
for the bluegill im a static exposure. Static 96~hour LC50s of

120 and 160 ug/l were reported by Post and Schroeder (1971) for brook trout,

Salvelinus fontinalis. Bender (1968) indicated that the acute toxicity to fathead

minnows, Pimephales promelas, is slightly greater ({about 2.8

times) in a statiec system than in a flow=through system. The
flow-through acute toxiecity to fathead minnows reported by Mount
and Stephan {1967) approximated the static acute toxicity

reported by Henderson and Pickering (1958) and Bender (1969).

294
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Many agquatic invertebrates appear to be more sensitive than

fish to malathion, The 96-hour ICsp 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/1

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 ware
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; gsafe
concentrations for the most sensitive invertebrates exposed
through a complete life cycle have not been determined; and
effects of low concentrations 6h_invertebrate behavior are

~unknown. .o

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 pll 6 to one to

two weeks at pH 8., Eichelberger and Lichtenbefq (1971) found

that only 10 percent remained in the Little Miami River (pH

i

§-3
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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 hours and causes about 75

percent brain acetylcholinesterasa'UwhE) 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/l
caused 34 percent ACHE inhibition in pinfish but no deaﬁﬁs in 72
hours. Coppage and Matthews (1874) demonstrated that death may be
associated with reductions of brain AChf activity of four mariner
fishes by 70 to 80 percent or more in short~term exposures td
malathion, Coppage and Duke (1971) found that moribund mullet, \\_ﬁ/

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, also 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 LCg, for several marine

fishes at 20° C in static, aerated seawater. The 96~hour LC

-e

[
20
values (in ug/l) were: Menidia menidia, 125; Mugil cephalus, 550

Fundulus majalis, 250; Fundulus heteroclitus, 240; Sphaeroides

Eggulatus, 3,250; Anguilla rostrata, 82, and Thalqﬁﬁpma

tcrms

bifasciatum, 27. Katz (1961) reported the static 24 hour LCg, 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.8. BSFW 1970}.

Reporting on studies of the toxicity of malathion on marine
invertebrates, Eisler (1969) found the 96~hour LCsg (statie, 24
o/oo salinity aerated) to be 33 ug/l for sand shrimp, Crangon

septemspinosa; 82 ug/l for grass shrimp, Palaemonetes 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 LC5, for fartilized

eggs of oysters was estimated by Davis and Hidu (1969} to be 9.07

mg/l and the l4~day LCgy 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

is gporadic rather than continuous. Because the toxicity
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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 resu1t in damage to
agquatic organisms. _

An application factor of 0.1 is applied to the 96-hour LC50 data

for Gammarus lacustris, G. fasciatis and Daphnia ~, which are all

approximately 1.0 ug/1, yielding a criterion of 0.1 ug/1.

Jonr
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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 adeqguate human data are available for corroboration-
of the animal results, the ﬁotal "safe" drinking water intake
level israssumed 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 ©f the total intake oi'methoxychlor-is from
drinking water, that the average person weighs 70 kg and consumes
3 liﬁers of water per day, the formula for calculating a
eriterion is 2.0 mg/kg x 0.2 x 70 kg x 1/100 x 1/2 = 0.14 mg/1.

A eriterion level for domestic watef supply of 100 ug/l is

recommended. .
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Few data are available on acute.-and chrenic effects of

methoxychlor on freshwater fish., Merna and Eisele {1973)
observed reduced hatchability of fathead minnow, Pimechales prarclas ,

embryos at 0.125 ug/l and lack of spawning at 2.0 ug/l. Yellow perch,

Perca flavescens, exposed to 0.6 ug/l for eicht months exhibited

reduced growth. The 96~hour ICSO concentration was 7.5 and 22 ug/i
for the fathead minnow and yellow perch, respectively. Korn and Farnsst
(1974) obtained a 96-hour ICSO of 3.3 ug/l with juvenile striped bass,

Morcne saxatilis, exposed to methoxychlor in a flowing-watsr bicassay.

Sanders (1972) determined a 96~hour LCsg 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 1 59 to 7.05 ug/1

for the crayfish, Orconectes na:.s, and three aguatic insect
larvae. In 28-day exposures, reduction in emergence of mayfljes,

Stenonema 8p., and in pupation of cadd;sflles, Cheumatqgs;ﬂhu

8P., were observed at 0,5 and 0,25% ug/1 concentratlons,
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 one year.

.

The near extinction of One species of scud, Hyallella azteea, and
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reductions ih 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 observed 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 agquatic organisms than some of the other

chlorinated pesticides.

Methoxyghlor 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 aceceptable levels in edible f£ish
tissues have been established by the U.S. Food and Drug

Administration.

The above data indicate that 0.1 ug/) methoxychlor would be
just below chronic effect level for the fathead minnow and
one~£ifth the acute toxicity level in a créyfish species,
.Therefore, a criterion level of 0.03 ug/l is recommended. This
criterion should protéct fish as sensitive as striped bass and'ié
tean times lower than the level causing effects on soﬁe
invertebrate populations in a one-~year dosing of a natuxal.

stream.



Bahner and Nimmo (1974) found the 96-hour ICqy of methoxychlor for the
pink shrimp, Penseus duoramm, to be 3.5 ug/l and the 30-day ICgy to be
1.3 ug/l. Using an application factor of 0.0l with the pink shrimpe acute
toxicity of 3.5 ug/l, the recommended criterion for the marine enviromrent

is 0.03 ug/1.

Butler (1871) found accumulation factors of 470 and 1,300 for

.the molluscs, Mercenaria mercenaria, and Mya arenaria,

reapectively;when_qxposed to 1 ug/l methoxychlor for 5 days.
Using the 1,590 accumulation facﬁor as a hasis, a water
concentration of 0,2 ug/l would be required to meet the U.S. Food
and Drug Administration's guideline'forrmethoxychler_in meat
products. Thus, the recéﬁmended marine criterion of 0.03 ug/l is

an order of magnitude lower than this concentration.

3¢
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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 Sclenopsis 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
oil and sprayed on corncob grits. The bait produced in this manner
consists of 0.3 percent mirex, 14,7 percent soybeaﬁ 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. (1871) report
chemical analyses of mirex in the water. Their study reported effects
on two crayfish species exposed to mirex by three technigques. First,.
field-collected crayfish were exposed to several sublethal concentrations-
of technical grade mirex solutions for various periods of time; second, crayfish
were exposed 1o mirex leached from bait (0.3 percent active ingredien't); '

and third, the crayfish were fed mirex bait.

Procambarus blandingi juveniles were exposed to 1 or 5 ug/l for 6 to

- 144 hours, transferred to ciean waier and oheerved for 10 days. After 5

days in clean water, 95 percent of ithe animals expesed 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 0.5 uy /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 bait
particles were placed in 2 liters of water but igclated from 20 juvenile
crayfish., Thirty percent of the crayfish were dead in 4 days and &5
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 andacowulation increases with time of
exposure to the insecticide. Concentrations as low as 0.1 wa/i 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 at each
subsequent application (approximately 4-month intervals). Two and one-

half months after the final application, the ponds were drained, all fish

'r”e i
T'€ measured, weighed, and the percent survival was calculated,
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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 corﬁputed water
concentration), They reported no mortality or tissue pathology for the
bluegills; however, after 56 days of exposure, gill b_reakdov;n in goldﬁéh
was found in the 100 and 1000 ug/1 contact exposure ponds, and kidney
breakdown was oécurring in the 1000 ug/l ponds. Mortality in the feeding
experiments was not related to the level of exposure, although growth of

the bluegills fed 5 ug/l mirex was reduced. b

In laboratory and field test systems reported concéntrations of mirex
usually are between 0.5 and 1.0 ug/l (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, et al. (1973) reported
the accumulation of mirex in South Carolina estuaries. Their data revealed
that mirex was transported from treated land and marsh to {he estuary
animals and that accumulation, esPecially in predators, occurred. In the
test area, water samples consistently were less than 0.01 ug/l. Residues '
in fish varied from non-detectable tc 0. 8'ug/g with 15 percent of the
gsamples containing resgidues. 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 following

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 to 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 Bay of Quirke,Lake

Ontario, Canada. 'Concentrations range from 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 northemn pike, Esox lucius. Mirex has never been registered for use
in Canada.
Mirex doeg not appear to be greatly toxic to birds, with L.C530's for

the young 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.
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A summary examination of the data available at this time shows a

mosaic of effects. Crayfish and channel catfish survival is affected by

mirex in the water or by ingestion of the bait particles. Bicaccumulation
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

3l
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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 to the lewest levels at

which effects on crayfish have been observed.

Data upen 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 al., 1971}. In static tests

with larval stages (megalopzl) of the mud crab, Rhithrcpanbpeus harrisii,

reduced survival was observed in 0.1 ug/l mirex (Bookhout, et al., 15972).

1552y, In three of four 28-day seasonal flow-through experiments, Tagatz, et al.,

(1975) found reduced survival of Callinectes sapidus, Penaeus dureesirim, and

grass shrimp, Palaemonetes pugio, at levels of 0.12 ug/l in summer, 0.06 ug/1

in fall, and 0.09 ug/1 in winter,

Since two reports, Lowe, gt_g., (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 chemical,
This may not be the case in fresh water since the crayfish were affected
within 48 hours. Therefore, 2 3 to 4 week exposure might be comsidered
"acute” and by applying an application factor of 0.01 to é reasonable
average of toxic effect levels as summarized abavé, a recemmended

marine criterion of 0.001 ug/l results.

3
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PARATHION

CRITERION:

0.0k ug/l for freshuater and merine squatic 11 ife,

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 registant 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 fontlnalz.s respectively. Korn and Earnest (1974) found
a S6-hour ICso of 18 ug/1 for juvenile freshwater and estuarine striped bass

Morore saxatilis, in a flowing water system.

Few chronic expcsure data are available for aqua’ac organisms. Brown

bullheads, Ictalurus nebulosus, exposed to 30 ug/1 parathion for 30 days ex-
hibited tremors; at 80 ug/1 they convulsed and were found to have developed
a deformed vertebral column (Mount and Boyle, 1968}, In a 23-—month exposure
of bluegills, Spacie (1975) observed deformities (scoliosis and a characterxstlc
protrugion in the throat region) at 0, 34 ug/l, but not at 0,16 ug/1. Tremors,

convulsions, 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/l for 8 .1/2 months. Development of brook
trout, S,. fentinalis embryos exposed to 32 ug/1 was abnormal and
mortalities associated with prerature hatching were observed. Embryos
at 10 ug/1 appeared normal. No adverse eifect on juveniles and adults

was evident during 9 months exposure to 7 ug/i.

Inhibition of éholinesterase enzymes is the well established mode of
physiological action of parathion and other organic phosphoroﬁs pesticides
(Weiss, 1858). 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., 1968; Gibson et al.,
1969) have shown the degree of inhibition to bé 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) also showed that
sﬁsceptibility depended upon the extent of recovery of ACh E activity following
prior exposure and that the recovery period for fish exposed to parathion
was relatively long. lIn bluegills, AChE activity was only 50 percent

recovered 30 days after expésure to 1 mg/l for 6 to 7 hours (Welss, - 1961),

Some of the other physiological effects observed to result from exposure

of fish to parathion have been inhfbition of spermatogenesis in guppies

Poecilia reticulata, at 10 ug/l. {Billard and deXinkelin, 1970), alternation of

oxygen consumption rate in bluegills, Iepomis macrochirwsat 100 ug/1 (Dowden,

1966), and liver enlargement associated with increased pesticide-hydrolizing

capability in mosquitofish, Gambusia affinis, (ludke, 1970).
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Parathion has been found acutely toxic to aguatic invertebrates at

under one microgram per liter, e,g., a 50-hour LC  of 0.8 ug/l for
50 -
Daphnia magna, 48-hour LC of 0.6 ug/l for Daphnia pulex, and 48-hour
50

LC of 0.37 for Simocephalus serrulatus (a daphnid) (Sanders and Cope,
50
1966); a 5~day LC  of 0.93 ug/1 for the larval stonefly, Acroneuria pacifica
50
(Jensen and Gaufin, 1964); and a 96-hour LC  of 0, 43 ug/1 for the larval
50

. 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 (1875) obtained 96—hour LCh0's

in ﬂow-through bioassays of 0.62 ug/l1 for Daphnia magna, 0. 40 ug/1 for the

scud, Gammarus fasciatus, and 31.0 ug/l1 for 4th mstar of Chironomous

- tentans, a mxdge. Other 1nvertebrates ‘have been found acutely sensmve
to parathion in concentratlons of from 1 to 30 ug/l in water (U. S.

Environmental Protection Agemy,' 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/l, respectively. Spacie (1975) found the three-week 1.C
' 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 availa,ble on persistence of parathion in water,
Eichelberger and Lichteriberg (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 poessibility of
breakdown resulting in compounds more toxic than parathnion was suggested
by Burke and Ferguson (1969) who determined that the toxicity of this

pesticide to mosquitofish, Gambusia affinis, was greater in static than in

flowing water test systems, Sanders {1872), in 96-hour-biocassays with the

scud, Gammarus fasciatus, and glass shrimp, Palzemonetes 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 {imes

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. organisms exposed to the recommended

criterion concentrations will be a hazard to consumer organisms.

Weiss and Gakstatter (1964) haye shown that 15-day ccﬁntinuous
exposure to parathion (1.0 ugjl) can pfoduce progressively greater (i.e.,
cumulative) brain ACh E inhibition in a fish species. After substantial
inhibition by parathion exposure, it takes several weeks for brain AChE
of exposed fishes 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/l of flowing

sea water kills 40 to 60 percent of the marine fishes Lagodon rhomboides

(pinfish) and Leostomus xanthurus (spot) in 24 hours and causes about
87 to 92 percent brain AChE inhibition (Coppage and Matthews, 1974).
Similar inhibition of ACh‘E and mortality were caused in sheepshead mmnows,

Cyprinodon varlegatus, 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 that reductions of brain AChE a,ct1v1ty of marine fishes by
70 to 80 percent or more in short-term exposures to parathion may he

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, 2 ug/l
50 :

' (Lowe et al., 1970). Lahav and Sarig (1969) reported the 96-hour LC

for mullet, Mugil cephalus, to be 125 ug/l. The shell growth of the oyster,

Craggostrea virginica, was found by Lowe et al, (1970) to be decreased by

22 percent after 96 hours in 1.0 mg/1,

An application factor of ¢.1 is applied to the 96-hour LG50 data

for invertebrates whiceh range upwerd from O.4 ug/l. A criteria of 0.0hug/i

1s recommended for marine and freshwater aquatic life,
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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 ninimal or no
long=term effects in the most sensitive mammal tested, tha doeg,
is 10.0 mg/kg in the diet or-l.T 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 ang 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 calculating a critericn is 1.7

mg/kg X 0.2 X 70 kg X 1/500 X 1/2 =0.024 mg/1. However, at 0.024 mg/1

there is an organoleptic effect which has been shown to occur at the level 0f£0.005

ug/l (Cohen, et.al., 1961). Thus .the criterion is get at 5 ug/l.

Macek and McAllister (1970) reported 96-hour LC530 values for 12

fish species ranging from 2 ug/l for largemouth bass, Microntarus
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- salmoides, to 18 ug/l for bluegill, Leponis macrochirus. Mahgdi

T ———— A ———————

(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 926-hour LCgz, values for three stonefly

species, Pteronarcys californica, Pteronarcella badie, and

Claassenia sabulosa, were reported by Sanders and Cope (1968) to

range from 1.3 to 3.0 ug/l.

In a chronic continuous flow bicassay with brook trout,

galvelinus fontinalis, Mayer, et al. (1975) 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 than 0.039 ug/lL The
96-hour LC of toxaphene for l6-month-old trout was 10.8
ug/l. Mehige and Mayer (1975) conducted a series of long-term

studlies 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, et al, (1975) work, showing that growth of
all fish exposed to conecentrations of 0.055 ug/l w;s

significantly reduced. A no-effect level for this freshwater

fish would be less than 0.055 ug/l.
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Hughes (1968) reported that lakes greated with toxaphene

concentrations ranging from 40 to 150 ug/l remained toxie 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. Mayer, ct al. (1975) observed
accunulations of 5,000 to 21,000 times water concantrations in
brook trout exposed'only tﬁrough the water. Accunulation factors
of 3,400 to 17,000 from aqueous solution have been reported for

bacteria, algae and fungi (Paris, et al., 1975),

Heath, et al, (1972) reported the S-day dietary LC50 to be 96
to 142 ppm for young birds ofrfour 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 1ildlife Research Center, Laurel, Marvland,
unpublished data), At water levels known to affect fish (0.04
ug/l, Mayer, et al, 1975)and with accumulation factors similar to those cited 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,

o guideline for toxaphene has been set by the U.S. rMood and
Druyg Administration as a residue linit for edible tissues of fisgh

for human consumption.
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striped bass, liorone saxatilis of 4.4 ug/ I

Love (1964) reported a 24-hour LCsy of 3.2 ug/l, a 48-hour LCgy

of 1.0 ug/l, and a l44-hour LC5q of 0.5 ug/l for the spot,

Leiostomus 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 IC of 4,9 ug/l for

50

‘brown shrimp, Penaeus aztecus; and a 48-hour ECgp 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/co salinity, whereas 63 ug/1

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 g 26-hour LC;, for the

The 96-hour IC for the
50

the -

for

57

ﬁdnfish, Lagx&xxrhdﬁxﬁdes, 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 (NAS, 1974) its

use is especially appropriate in the case of toxaphene because long-

term studies with fathead minnows, Pinephﬁles';nx;nalas {(Mehrle and

Mayer, 1975), and brook trout, Salvelinus fontinalis (Mayer, et al., 1975),

have failed o establish a no-effect level. Application of the 0.01
factor to the 9&-hour LCEO for the pinfish yields a marine criterian

0.005 ug/l.
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A no-effect level was not achieved in the studies using

',f:eéhwatgr orgaﬁismsaf“ﬁortality and adverse physéological and

LT

physical effects were éétécﬁed at the lowest concentration used,

0.039 ug/l, Hence, for toxaphene, the use of the same critericn

for botn marine and freshwater is recammended.
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CRITERIA:
Range
5 -9 Domestic water supplies (welfare);
6.5~ 9.0 Freshwater aquatic life;

6.5 - 8. 5% Marine aquatic life,

INTRODUCTION:

- "pH" is a measure of the hydrogen ion activity in a water
- sample. Itis mathematmally rplatea to hydrogen ion act:.v1ty aucordm
+ +
- ing to the expressmn pH = --log 10 (H ), where (H }is the hydrogen

ion activity.

The pH of natural wétefs is a measﬁfe of acid-bage equilibrium
achieved by the various dissolved compound-s, salts and gases. The
principal system regulating PH in natural waters is the carbonate sysiem
which is composed of carbon dioxide {(CO ), carbonic acid (Hr CO ),
blcarbonate ion {HCOT), a.nd carbonate nfns (CO" ). The "intef-actfons and
_kinetics of th:.s systefn have been descmbed by S:?tumm and Morgan (1970)

pH is an 1mportant factor 1n the chenucal a.nd b1ologma1 systems of |

natural waters. The degree of chssoc:!,atmn of weak acids or bases is

affactad by changes in PH. Th1s effect 1s important because the toxicity

.0f many compounds is affected by the decrree of ch‘ssociation One such

*, . .but not mdre than 0. 2 units outside of normally occirring 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).
Ca e )

The éolﬁbilit& of metal compounds confained in bottom sediments
or as suspended material also is affected by pH. For exa.rhple,
laboratory equilibrium studies under a.naerobip conditions indicatéd
that pH was an important parameter involved in releasing manganese

from bottom sediments (Delfino and Lée, -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 controlled by the amounts of alkalinity

and acidity present.

RATIONALE:

Knowledge of pH in the raw water used for public water supplies

ig important because without adjustment to a suitable level, such waters

may be corrosive and adversely affect treatment pfoces ses 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',
1860}, Such optima are predicated upon the availability of sufficient

alkalinity to complete the chemical reactions.
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The effect of pH on chlorine in water principally is on the equili-
brium between hypochlorous acid (HOC1) aﬁd the hypochlorite ion
(OC17) according to the reactioﬁ:-_ .

HOCL = 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 distributien system
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 saturanon theory and predlcts whether the water would
tend to dlssolve or deposit calcium carbonate. By maintaining the pH
at the proper 1eve1, the distr-ibuticn System can be provided with a protective
calcmm carbona.'te lining whlch prevents metal pipe corrosmn Generally,
this level is above pH 7 and frequently appmaches pH 8. 3 the point of maxi-

‘mum hi carbona te/ca rbonate buf ferT ng

Since pH is relatwely easﬂy ad;usted pnor to and durmg water .

treatment, a rather mde range is acceptable for waters serving asa

~source of public water supply A range of pH from 5 0 to 9.0 would

. provide a water’ treatable by typical (coagulatlon. sedlmentatmn,

f11trat10n and chlormatlon) treatment plant processes, As the range

is extended, th_e cost of neutralizing _ehemxcals increases." L

BEES
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A review of the effects of pH on fréshwater fish has been published
by the European Inland Fisheries Adv:.sory Commission (EIFAC, 1989).
The Commission concluded-' "There is no. defmzte pH range within which
a fishery is unharmed and outside _w_hi‘z_:h it is.damaged, but‘ rather,
there is a gradual deterior'atijon' as the pH values are further removed
from the normal range. The pﬁ range which is not diréctly lethal :
to fish is 5 - 9; however, the tox1c1ty of several common pollutants is
markedly affected by pH changes within thlS range. a.nd mcreas:ng
acidity or alkalinity may make these poisons more toxic, Also_., an-

acid discharge may liberate sufficient CC)2 from bicarbpnate in the
water either to be 'directly toxic, or to cause__thé pﬁ range 5 - 6 to

become lethal. "

i

Mount’ (1973) performed bloassays on the fathead mmnow, P1mepha1es

promelas » for a 13-month one generanon tlme permd to determine
chronic pH effects. Tests w‘ere run at pH levels of 4,5, 5.2,

SE .

pHG o
Range _ Effect on Fish*

5.0 -~ 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.

§.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, 1969,
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5.9, 6.8, and a control of 7.5, At the two lowest pif valuey (4, 5

ansormal and the fish were detormed 14 ooy

WDty

[
w1

valuez !z than O 2y production snd egg hatchab ity ey yodgoad

[

when comparead with the control, It was concluded that a wH ~f 8

was marginal for vite! f2 finctions.

Beli (1971} per{crmed bioassays with nymphs of 2addicilies Gwo
species), and stoneflies (four species), dragonilies (two species), apd
mayilies (one species). All are important fish food organisms. The
30-day Tlgg values ranged from 2. 45 to 5._38 with the caddisilieg
being the ﬁmst 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. 5 to 9.0 appesrs to
provide adequate protection for the life of freshwater fi‘sh snd hottom
dwelling invertebra-*e fish food organisﬁs Outsuie of Lhm range, fish
suffer adverse physzologdcal effects mcreasmg in severﬁ:y as the degree

of deviation increases un*zl letha.l ievels are reaa.hed
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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 ten

times as toxic at pH 8.0 as at pH 7.0 (EIFAC, 1969).

The chemistry of rﬁarine w;atejrs. ciiffers_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 alkalinity from
other weak acid salts such as borate, Because of the buffering systerﬁ
present in sea water, the naturally occurring variability of pH is less
than in fresh water., Some r.narine.'c.ommunities aré more sensitive
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, biozogicaliy active waters in
tropical or subtropical areas, large-diurnal pH changes occuf naturélly
because of photosynthegis. 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 speciés are able to avoid

extremes by moving out of the area.

For open ccean waters where the depth is substantially greater than

the euphotic zone, the pH should not be changed more than 0.2 units

3420
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outside of the naturally o= surring variation or in any case outside the range

of 6.5 tc &. 5. For shaliov:'. highly productive coastal and estiarine arcas

Hr]

where naturally occursriaog pH variations appreaca the lsinal llavwis for
some species, changes in pH should be avoided but in any case not excesd
the limits established for /resh water, i.e., pH of 6.5 to 9, 0. As with the
freshwater criteria, rapid pH fluctuations that are due o waste dischargeg
should be aveided. 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 toxici’cy 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, procegs waters used varied
from pH 3.0 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 deletemous chenncal reactlons. Waters with pH values outside

- these ranges are con51dered unusable for mdustrlal purposes.

The pH of water apphe for 1rr1ganon purposes is not normally =

critical parameter. Compa red with the large buffermg capacity of the
soil matrix, the pi of appued water is rapldly changed to approxi-

mately that ot the soil. Th: greategt danger in acid soils is fhan

‘metallic ions such as iron, manganese or aluminum may be dissolved
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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, 1874).

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 supp?y.(wglfare), 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 fn the aromatic ring. Phenol itself, which has but one
hydroxyﬁ-group, is the most typical of the group_andlis often
used as a model compound. The properties of phenol, with certain modi 1 -
cations aepending on the nature of the substituents on the benzene ring, are
shared by other phenolic compounds. Pheno1ic_c9ﬁpounds arisefrom the distiil-
ation of coal and wood; from 0il refineries; chemical plants;. Tivestock
dips; human and other organic wastes; hydrolysjs, chemical oxidation
and microbial degradation of pesticides; and from ﬁatura11y3occurring
sources and substances.  Some comeUhds,afeureffactory to biclogical

degradation and:can~be“transported long,distances in water,

RATIONALE: _ e
Rhenbﬂi?‘éoﬁpdundsﬁcan afféct.freshﬁdﬁer;f{shes adQéfSé]y”by
dfrect’togicfty to fish éﬁd'fish4f¢0d ofééﬁ%gﬁégﬁby iowering the amount
of avaiTabie oxygen because of the high oxygén 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 liter {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 kilil 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 enh;nce the toxicity of phenol (EIFAC, 1973). It has been
shown that phenol and o-cresol hgve-24#hour LC50's of 5 and 2 mg/1 -
respectively for trout embryos (A?berSmeyer 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 (Mit?ovic, et al., 1968). _
PathoIogic.chaﬁges in gills and in fisﬁ tissues were found at concentrations

in the range of 20 to 70 ug/l 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 frrigation, 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

odor levels ranga from 55 ug/1 for p-cresol (Resen, et al., 1962) to

358 .
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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 (1861),
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 cr1ter10n of 1 ug/1 phenoT which 15 about half of the ch]oropheno]

odor effect 1eve1 for a water supoly and near the thresho1d Tish flesh

tainting. concentrat1on, shou?d protect the freshwater env1ronment for

such users.
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PHOSPHORUS

CRITERION:

0.10'ug/1 yellow (elemental) phosphorus for marine or
estuarine waters,

INTRODUCTION

Phosphorus in the elemental form is particu1arly toxic ‘and 1s subject to
b1oaccumu1atton in much the same way as mercury. Phosphorus as phosphate is
one of the major nutrients required for plant nutrition and is essent1a1 for
life. In excess of a cr1tica1 concentration. phosphates stimulate plant growths.
During the past 30 years a formidable case has deve]oped for the be?ief that
increasing standing crops of aquat1c_p1ants. which often interfere with water

uses and are nuisances to man, frequently are caused by increasing supplies of

- phosphorus. Such phenomena are associated with a condition of accelerated

eutrophicatfon or aging of waters. Generally, 1t is recoénized that phosphorus

- 15 not the sole cause of eutrophication but there is substant1ating evidence

that frequently it is the key element of all of the elements required by
freshwater plants, and generalIy. it 1s present in the least amount relative
to need, Therefore, an increase in phosphorus ;Tlows use of other a1ready‘
present nutrients for piant.growth° Further, of all of the.elements required
for plant growth in the water environment, phosphorus 1s the most easily con-

trolled by man.

Large deposits of phosphate rock are found near the western shore of
tentral Florida, as well as in a number of other States. Deposits in Florida
are feund 1n the form of pebbles which vary in size from fine sand to about

the size of & human foot. These pebbles are embedded in a matrix of c1ay and

By
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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 similar 1o
that of strip-mining. Florida, Idaho, Montana, 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 poﬁato processing, have wastewaters high in phosphates.
Ctop, forest, idle, and urban jand contribute varying amounts of phosphorus-

diffused sources.in drainage to watercourses, This drainage may be surface tunoff

of rainfall, effluent from tile 1ines, or return flow from irrigation. gattle

feedlots, concentrations of domestic duck or wild duck poputations, tree leaves,

and fallout from the atmosphere all are contributing sources.

Evidence indicates that: (1) high phesphorus concentrations are associated
with accelerated eﬁtrophicafibh‘of watefs;_when other growth-promoting factors
are présent;L(Z}_aquatiéipiﬂnﬁ préb]eﬁs ﬁgvelnﬁ,inreservoirs-&nd other standing
waters'éfnbhbéﬁhérus;951§é5ﬁ1éwéf'than'thﬁée:c}§£1cai in flowing streams;

(3) resérvoifs'aﬁd Takes3c01i¢ct phosﬁhatgs'ffom'inf1uent Streams:and store a
portioh of them Qithin conso]fdaté& sédiments, fhus serving as. a phosphate
sink; and, (4) phosphorﬁS'conﬁentrationéiCritic&? to noxioﬁs piaht growth vary
and nuisance'érowths may resd1t'from a pafficular concentra;ipn-of phosphate
in oﬁe geographical area but not in another. The amount or percentage of

inflowing nutrients that may be retained by 2 1ake ‘or reservoir is variable

and will depend upon: (1) the nutrient loading to the lake or reservoir; (2)

the volume of the guphot1c zone,;(s).the-extent of bfo?ogical activities;

e
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{4) the detention time within the lake basin or the tfme;available for biological

activitieé; and, (8) the level of dischargé from the lake or of the penstock

from_the reservoir.

Once nutrients are'combingd within the aquatic ecosystem, thg1r removal is

tedious and expensive;' Phosphates_arefused by algae and higher_aquatiC“planﬁs_

| and may be stored in excess of use within the plant cell. With decomposition

of the p?éntrceil, some phosphorus may. be released immediately through bacterial
action for recyc1ing within the biotic comﬁunity.\whi]e the remaindarrmay be
deposited with ‘sediments. Much of the material that becones conbied with the
consolidated sediments.within the iake bqtfum”is bound'perménent]y;énd;w{11 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/l at

160 hours for bluegiil sunf%sh,_ggéemis macrochirus, exposed to ygllow phos-
phorus in distilled water at 26° C and pH 7. The 155-_and'}95—hour LC50's
of yel]ow-phésphofus'to Atlantic cod, Gadus morhua, and Atlantic salmen,
Salmo salar smolts in continuous-exposure experiments was 1.89 and 0.79 ug/1,
respectively.(Fletcher and Hoyle, 1972). No evidehce of an incipient lethat
ievel was observed since the Towest concentratioﬁiof Py tested was 0.79 ug/1.
Salmon that were ekposed to elemental phosphorus concentrations of 40 ug/1 or
leés developed a distinct external red color and showed signs of ektensive
hemolysis. The predominant features of Pg poisoning in salmon were external

redness, hemolysis, and reduced hematocrits.



Following the opening of an elemental phosphorus production plant in
Long Harbour, Placentia Bay, Newfoundladd, divers observed dead fish upon the
bottom throughout the Harbour (Peer, 1972). Mortalitias ware 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 e]ementé] phosphorus from water containing as |
1ittle as 1 ug/1 (Idlier, 1969). In 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/kg.in'
the Tiver {Idler, 1969 ; Jangaard, 1970}. The experimental findings showed
that phosphorus is quite stable in the fish tissues.

The criterion of 0.10 ug/1 etemental phospﬁorus for hariﬁe or estuarine
waters 1s 1/1Q of demonsfrated-IethaT Ievels.tb important #arine organisms

and of levels that have been found to result in significant bioaccumulation.

- Phosphate Phosphorus -

Although a total phdsphorﬁs c?itericn tdicéntro] nuisance aquatic growths
is not presented, it is believed that the following rationale to support such

a criterion, which currently is evolving, should be considered.

Total phosphate phosphorus conceﬁtrations in excess of 100 ug/1 P may
interfere with coagu1at1oh in water treatment plants. When such cohcentrations
exceed 25 ug/1 at the time of the spring turnover on a volume-weighted 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_odqrs to water, interfere with water treatment, become aesthetically
unpleasint 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'control 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 plant 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 (Hutch1nson 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 thoée wétersrthan in
streams or rivers that do not directly impact.sﬁch watef.. There are .

natural conditions, also, that would dictate the consideration of either

5%



L

a more or less stringent phosphorus level. Eutrophication problems may
occur in waters where the phosphorus concentration is less than that
indicated above and, obviously, there would be a naed in such waters to
have nutrient limits that are more stringent. Likewise, there are those
waters within the Nation where phosphorus is not now a 1imiting 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 8 phosphorus criterion far

~ flowing waters: one is to control the development of plant nuisances withfﬁ

the flowing water and, in turn, to control and prevent animal pests that may

'bécome associated with such plants; the other is to protect the downstiream

“raceiving waterway, regardless of its proximity in linear distance. It is.... =~

evident that a portion of that.phosphofus.that enters a stream or other

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 6rgani; materials that may drift just above the stream's
bed or flcat on its water's surface. Supe;fmpoged‘on the 1oading from the
infiowing waterway, a lake or estu&ry-méyfrébéiQe-&Hditidné? phosphorus as

fallout from the air shed or as a direct introduction from shoreline areas. -
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- Another method to control the inflow of nutrients, particularly phosphatesi..
into a lake is that of prescribing an annual Toading to the receiving water.
Vollenweider (1973) suggests total phosphorﬁ$ (P} loadings in gfams éer square
meter of surface area per year that will be a critical Tevel for eutrophic
‘conditions within the receiving waterway for a particular water volume where
the mean depth of the lake #n meters is divided by thé hydrau1fc detention fime
in yéars. Vollenweider's data suggeét a range of leading values that should

result in oligotrophic lake water quality.

Oligotrophic or - " Eutrophic
Mean Depth/Hydraulic Permissible - or Critical
Detention Time " Loading _ " _Loading
{meters/year) (grams/meterd/year) (grams/meterzlyear)
0.5 0,07 0.14
1.0 0.0 0.2
2.5 | 0.16 O 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 eufrophy, as well as those waterways wherein lower

concentrations or loadings of total phosphorus may be associated with popula-

o
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tions of nuisance organisms. Waters now containing less than the specified

amounts of phosphorus should not be degraded by the intreduction of additional

phosphates.

t should be recognized that a number of specific exceptions

can occur to reduce the threat of phosphorus as a contributor to lake eutrophy.
Often, naturally occurring phenomena limit 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 Taden ' 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 Timiting to plant growth-and the level and
natufe of such 1imiting nutrient would not be expected to increase to an extant
that would inf]uence eutrophication; and in those waters where phosphorus

control cannot be sufficiently effective under present techno]ogy to make

‘phosphorus the 11m1t1ng nutr1ent No nat1ona1 criterion is presented for

phosphate phosphorus for the controT 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 characteristics of the plastic resin by making them
more flexible or to improve their workability. Some plastic formulations 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-ethy?hexyT_and di-n-buty?

Phthalates, are used as an orchard acaricide and insect repellent, respectfveTy,_

Occurrence of the phthalate residues has been demonstrated in fresh | -
(Mayer, et al., 1971), marine (Morri;, 1970), industrial and heavily populated
waters (Stalling, 1972). No well documented information exists on the fate of

the phthalate compounds in équatic environments (Mayer, et al., 1972).

RATIONALE : | 7 o

Acute tuxicity of the phthalate 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‘tp be }.3 mg/1 fd? the‘fathead minnow, Pimephales
promelas; 0.73 mg/1 for the bluegill, Lepomis macrochirus; 2.91 mg/1 for channel

catfish, Ictalurus punctatus; 6.47 mg/1 for rainbow trout, Salmo gairdneri;

2.10 mg/1 for the scud, Gammarus pseudolimnaeus; and >10 mg/1 for the crayfish,

_ ‘Orconectes‘nais.f Paphnia magna,. when expoSed_td;theﬁdi-z-ethy}héxyﬁ phthalate at
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fevels 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 aquatic organisms to accumulate various phthalate residues
depend upon the ester, concentration and time of exposure. Concehffation,

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-z-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 radiocactively

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 radioactivity 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 popu1ations.
A freshwater criterion of 3 ug/l is recommended even though some reproductive im-
pairment was seen In daphnids, since all other species fe§ted 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 frestwater and marine aquatic life

and for consumers thereof,

Every reasonsble effort should be made to minimize human exposure.

IVTRODUCTIDAN:

Polychlorinated biphenyié.fPCB‘s} ar2 a class of
commounds produced by the chlorination of 5inhenyls.and are
registered in the United Statéé under the trade name,
aroclor (R) | mTae deqrée of chlorination determines their
caemical properties, and éenerally their composition can be
identifi=d by the aumerical nomenclature, e.g., Aroclor
1242, Aroclor 1254, etec., Tae first two digits represent the

molecular type and the last two diéits the avaraqge

»ercentage oy weight of chlorine (NTIS, 1272),

Identification of PC3's in the presence of
organochlorine pésticides such as DDT and DDE has baan
difficult in the past hecause of their similar

chromatograpiic characteristics (Risebrough, et al., 1968).
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In PCB analysis today, the interference of organochlerin=
hydrocarbons is overcome by sequential column chromatography
on Florisil and silica gel (Armour and Burke, 1970; FDa,
1971). Gas-liquid ctromatography with highly sensitive and
VSelective detectors has been emgloyed successfully in the
detectioﬁ of PCB's at low levels (Nekeker and Puglisi,

1974).

PCB compoundq are qlzqhtly scluble in water {25-200 ug/Ll
at 25°c1, soluble in lxplds, oils, organic solvents, and

resistant to both heat and biological degradation (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 relatively

ncn—flammable, have useful heaf exchange and dlelpctrlc
--pronertles, and now are ‘used prlnclpaliy in the electrlcal

rlndustry in capac;tors and transformers.

RATIONALF:

Tha acute and chronic effecfs cf PCBYg have b@en -

determined on a numbﬂr of aquatlc organisms.

Gl
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: Ninety—six-houf LCS0 values for newly hatched fathead

minnows, Pimephales promelas, were 15 uagsl for Arocler 17242

and 7.7 ug/l for Aroclor 1254. 1In 60-day continuous flow
hioassayé'SO percent of the fathead minnows were.killed in
8.8 ug/l Aroclor 1242 and in 4.6 ug/l Aroclor 1254 {Nebeker,
et al., 1974).  Nine-month continuocus flow bioaésay tests
were conducted.in the same series of experiments reported by
Nebeker; et al. (1974).. The spawning of fathead minnows was
significantly affected at concentrations of 1.8 ug/l Aroclor
1254; concentrations of Aroclor 1242 above 10 ug/l were
lethal to newly hatched ff?.. Defoe, gt al. (In Press)
conducted similar flow-through acute and chronic studies

with fathead minnows using Aroclor 1248 and 1260. The

calculated 30~day TLS0 for newly hatched fathead minnows was

4.7 ug/l for Aroclor 1248 and 3.3 ug/l for Aroclor 1260.
Fathead minnows were able to reproduce successfully at PCB

concentrations which were acutely lethal to the larvae.

stalling and Mayer (1972) determined 96-~hour LCS0 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 Aroclors 1242-1260 the acute toxicity was
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greatar than 1500 mgsl. Fifteen=day intermittent-flow

bicassays carried out with bluegills, leromis macrochirug,
and Arcclors 1242, 1248 and 1254 resulted in TCS50 values of

54, 76 and 204 ugsl, respectively,

Johnson (1973}, Maver {1975} and Veith (1975) conduc#adg
bicassays which showed that the toxicity of Aroclor 1016,

introduced recently to replace PCR's of the Aroclor 1200

'series in many applications, was similar to that of Aroclor

Nekeker and Puglisi (1974) conducted biocassays with

Daphﬁia magna exposad to concentrations of Aroclors
1221-1268, Inrcontinuous flow tests Aroclor 1254 was the
most toxic with a 3-week LC50 of 1.3 ug/l; 140 percent
mortality occurred at 3,S'ug/l and,loﬂ percent reproductive
impairment occcurred at 3.8 ﬁqfi. fSﬁailing and Mayer. (1972)
and Mayer et al. (1975) conducted'flow;thfough and static
ticassay tests on freshwater invertekrates which likewise
indiéated that these organisms are.generally 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 ambient water of 2.0 to 2.8 ug/l and
regsidues 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 0.01 ug/l; mean residues in coho

salmon, Oncoraynchus kisutch, were about 15 ug/g (Veith,

1273)., Veith (1973) found that goldfish, Carassius auratus,

in the lower Milwaukee River accumulated Aroclor 1248
approximately 0.7 x 122 to 2 x 13° times depending unon the
ambient water cancentratioh, From both laboratory and river
system studies, ﬁany aquatic organisms apnear to
biocaccumnulate 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/g of Aroclor 1254
in fish neld for 8 months in water containing 4.0 ug/l of
Aroclor 1254 (Nebeker, et al., 1974). The latter case
indicates a bioaccumulation factof of 2.3 x 105, which is
@ssentially independent of the PC3 concentration in the

water.
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Bluegill sunfish, Leponis macrochirus, exposed to

Aroclors 1248 and 1254 exhinbited a bicaccumulation factor of
7.1 x 104 (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 190° 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

bloaccumulation levels for fathead minnows, Pimephales
——— T

promelas, and goldfish, Carassius auratus, in the range of

9.7 x 103 to 2,3 x 105 » &n ambient_wéter concantration of no
more tnan 0.022 ug/l would he parmissible, Howeﬁer, lake
trsut from the Great Lakes larger than.12 inches in length
generally contain more than 5 ug/qg of PCS'S and chub from
the Great Lakes generally contazn PC3 8 ln amounts,
aparoacnlng or sllgntly exceedlng 5 ug/g. Since monitoring
data on the Great Lakes® waters conqlstantly indicate - -
concentrations equal to or less than f01 ug/1, a criterion

of less than 0.0l ug/l for .all fishes appears nec23sary.
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A residue level of 2 ug/g in fish consumed.by commercial

ranch mink has been shown to preclude survival of mink

offspring (Ringer, gt al., 1972). :Reprbduction was nearly

eliminated in ranch mink fed a beef diet containing 0.64
ug/q of Aroclor 1254 (Platonow and Kalstad, 1973). This .
suggests that a tissue level limit of not more thén 0.5 ua/g
would be required to protect ranch mink, and by implication,
other carnivorous mammals, Thgse data, plus the faét that
iake trout from the Great Lakes (in water with PCB levels
egual to or less than O.Gl ug/1l) already exceed the 5 ug/g
¥FDA limit, djustify a fresh water criteiion 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/q, as were comparable concentrations

found in fish off the coast of Southern California {(Hays and

Risebrough, 1972 Risebrough, 1969). Generally, residues in

ocean fish have been below 1 ug/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?s in the estuarine and marine
environments. The sediment reservoir of Aroclor 1254 is
thought to be a continuing source of PCB's to agquatic biota.
The initial survey of Escambia Bay tiota revealed fish,
shrimp, and crabs with levels as high as 12 ug/g. Higher
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 Escamb;a Bay data, which 1nc1ude flcw-through -

kPiocassays 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/sl: (3) flsh. partlcularly sheepqhead mlnnowq, Cyprinodon

variegatus, are extremely sen31tive to. Aroclor 1254 with 0.1

ug/l lethal to fry; and, (u) acute toxicity of Aroclor 1016
to estuarine orqanisms ié“similar to.thatﬁof other Arcclors

tut it appears less toxic to marine-fish in long-term |

exposures than does Aroclor 1254 {Duke, 1974; SChimmél, et

al., 1974).
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Oysters, Crassostrea virginica, were sensitive-to.

Aroclor 1260 with qrowth dirinished by 44 percent in
Concentrations of 10 uq/l_éﬁd by 52 cercent in 100:UQ/1.
Approximately 10 percent of the rink shfimp,'gggggg§_
duorarum, died in 100 ugsl, but no apparent effects on

rinfish, Lagodon rhomhoides, were noted at that

concentration. Aroclor 1254 had no apparent effect on
Juvenile pinfish at 100 ug/1 in 48-hour flow-through tests,
but killed 100 percent of the pink shrimp. At 100 ug/l of
Aroclor 1254 for 96 hours, shell growth of oysters was
.inhibited and was decreased 41 percent at lévels 6f,1b ug”/l.
The toxicity of Aroclor 1248 and 1242 té shrimp and_pinfiéh
was similar +o that of Aroclor 1254. Arcclor 1242 was toxic

to oysters at 100 ugsl. ¥illifish, Fundulus heteroclitus,

exposed to 25 ug/l of Aroclor 1221 suffered 85 percent
mortality. In 96-hour bicassays, Aroclor 1016 was ‘toxic to

an estimated 50 percent of the oysters, Cragsostrea

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/1l (Duke, 1974).
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Young oysters, Crassostrea virainica,_ﬂxposeﬁ to Aroclor

1254 in flowing sea water for 24 weeks axperlpncnd reduction
in qrow+h rataes at 4.0 ugrl, but dpparently were not
atfected hy 1.0 ugrl. Oysters accumulated as much as
100,000 times the test-water concentration of 1.0 ugri.
General tissue alterations in the vesicular connective
tissue around the diverticula of the hepatopancreas were
noted in the oysters exposad to 5.0 ug/l. No significant
mortality was observed in oysters exposed continucusly +o

0.01 ug/l of Arocclor 1254 for 56 weeks {Duka, 1974).

Elue crabs, Callinectes sapidus, apparently were not

affected by 20 daygt exposure to 5.0 ug/l of Arocior 1254.
Pink shrimp exposed under similar conditions experiencad a
72 percent mortality. 1In subsequent f low-through hioassays,
51 percent of the 1uven119 shrlmp were killed hy Arcclor |
1254 in 15 days and 50 nercent of fhe adult shrimp were
k1lled at 3.0 ug/1l in 135 days, From pathological
examinations of the expospd plnk shrimp, it appears that
Aroclor 1254 fa0111ratns or enhancas fhe quse@pf1b111+y to

- latent v1ra1 infections, Aroclor lzeu was lethal to qrasq

shrlmp, Palpomonetes pugio, at ﬂ 0 uq/l 1n 16 days, to
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ampaipods at 10 ug/1 in 30 days, and to juvenile spot,

Leiostomus xanthurus, at 5.9 ug/l after 20 to 45 days.

Sheepshead minnows, Cyprinodon variegatus, were the most

senzitive estuarine organisms to Aroclor 1254 with 9.3 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 severél'
liver and pancreatié alterations. Sheensiead minnows in
28-day Aroclor 1016 flow-through biocassays were not affected
ny concentrations of 10 ug/l or less, but digd at 32 and 100
ugy/l (Duke, 1974). The bhicaccumulation facﬁbrs detérmined..

by the flow-through bioassays are:

accumuklation Factors
(as a multiplier of test

Aroclor Organism Time water concentrationg)
1254 Oyster (Crassostrea 30 days 1.01 x 105
virginlca
1254 Blue crab ' 20 days 4 x 103

{Callinectes sapidus)

1254 Grass shrimp - 7 days 3.2 x 103 to 11 x 103
{Palecmonetes pugio)

1254 Spot (Leiostomus 14-28 days 37 x 103
xanthurus ‘
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1254 Pinfisa

(Lagodon rnomboides)

1916 ~Pinfisa

(Lagodon rhomboides)

1216 Saeepshead minnow

{Cyprinodon varieqatus)

35 days 21.8 x 103

42 days 11 % 103 to 24 x 103

2.5

3ased upon an accunulation factor of 190,039 in the

oyster, it is necessary to limit the marine water

x 103 to 8,1 x 193

concentration of PC3's to a maximum of 7.91 ug/1l to protect

“the human consumer. ilowevar, data on the toxicity of
‘'Aroclor 1254.to sheepsicad minnow fry mentioned sarlier

' fséhimmel, et al., 1374), waich indicate lzthality at 0,1

- Of 3.0l to obtain a marine criterion of 0,001 ug/l, Tais

lavel is furtaer supported by the evidence cited earlier
P Y

suggesting that a food tissue level of 0.5 ug/q, or 0.1

,orotect qarnivorous mawmals.

" times the FDA level for human consumntlon, is necessary to

’ug/l, justify lowering the latter concentration by a factor

Zvidence ig accumulating that PCB's do not contrisute to

ghell tainning of bird eggs'tﬂﬁs;

produced no shell thinning in egqs of mallard ducks (ieath

1974).

Dietary PCB's

-at al., 1372). PCB s may 1ncrease susceptxnlllty to

T
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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 (Riséhrough,

et al., 19683 Street,-gg al., 1968). Labo:atory studies
have'indiqated that PCB's g{th 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 siéhificant_décréase 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 f{Cecil, 2t al., 1974).

Exposure to PCB!'s is known to cause skin lesions
fSchwartz and Peck, 1943} and to increase liver enzyme
activity that may have a secondary efféct on reproductive
processeé.{Risebrouqh,_1969; Street,:gz al., 1968;
Wasserman, et al., 1970). It is not clear whether the
effects are due to the PCE's or their contaminants; the
chlorinated dikenzofurans, which azrs hi§h1y toxic fBauer, et

al., 1961; Schultz, 1968; Varrett, 1970}, While chlorinated

L%l
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dibenzofurans are a by-product of PC3 production, it is not
known whether they are also produced by the 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 LC5 as determined through bioassay
using a sensitive resident species.
INTRODUCTION:

Biologically, selenium 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 Tevels of selenium in water are-proportfchal to the selenium in
the soil. In Tow selenium areas, the content of water may be well below
1 ug/1 (Lindberg, 1968). In water from se]enjferous 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 appreciab1e sq1ubi1ﬁty in water. .

RATIONALE>

Selenium is considered toxic to'man. Symptoms appear similar to.

those of arsenic poiSbnfhg {(Keboe, éf-a?i: 1944' ?aifhi?T '1941) © Any -

" consideration of the tox1c1ty of seien1um to man must take 1nto con~

51derat10n the dietary requxrement for the element 1n 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 théﬁ drinking water §uppiies

contain no more than 0.01 mg/1 of selenium (USPH3; 1962).

As so-dium selenite, 2.0 mg/1 of selenium has been demonstrated to

be lethal to galdfish, Carassius auratus, 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/1 with Dag'hnia; 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 metabolize
ingested selenium in amounts of 0.01 o 0.10 mg/kg of food.,:

Based on the data available, freshwater fish should not be exposed
to water containing more than 0.0) of the 96~hour LOS0 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 LC 50 28 determined through bio-
assay using a sensitive resident species.

INTRODUCTION:

Biologically. silver is a non-essential, 'non-béneficial element
recognized as causing localized skin discolo.r.ation"in humé..ns, and .as
being systemically toxic to aquatic life, Ingestion of silver or silver
salts by humans results in deposition of silver in skin, eyes and muéous

membranes that causes a blue-gray discoloration without apparent

systemic reaction (Hill, 1857). Because of its strong bactericidal action,

silver has been considered for use as a water disinfectant. Dosgages of

0.001 to 500 ug/l 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.

RATIONALKE:

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
skin, without evident loss through usual channels of elimination or re-
duction by transmigration to other bociy sites, and because of the probable
high absorbability of silver bound to sulfur components of food cocked 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/1 (Just and Szniolis, 1936).

Using' silver nitrate, Coleman and Clearly (1974) demonstraied that

juvenile largemouth bass, Micropterus salmoides, and bluegill,

Lepomis macrochirus exposed to silver in concentrations of 0.3 to

70 ug/1 accumulated the metal, egpecially in the internal organs and
gills. The quantity of accumulated silver increased as exposure
concentrations increased with a subsequent equilibrium developing'
between the water and tissue concentrations. After two months’
expoSure to 7 ug/l silver, the concentration of silvér in gills
exceeded that in the gills of the control fish by 200-fold. The 70 ug/l

concentratlon of silver was Jethally-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 toxic.threshold of silver nitrate

for st1cklebacks, Gasterosteus aculeatus, was 3.0 ug/l as silver,

He also found that Daphma. magna were immobilized by 3.2 ug/l as

silver. Joneg (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, et al. (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

:expc_)sure for 86 hours to 5, 000 ug/1 silver ag silver thiosu]fafe;

at 250, 000 ug/ 1 15 of 20 fish died. Silver nitrate in |
concentrations of 1, 000 and 100, 0 ug/1 3§ sﬂvér killed 16 out of

20 and 12 out of 20 fish, respectiv_e}y. Silver carbonate kﬂ?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 balancides (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/l as silver

for oyster larvae, Crassostrea virginica, and an LCSO(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 raust be based on the total

silver concentration.

The silver criterion should be established at 0.0l 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 materials. (Sawyer, 1960). The equivalent terminology ‘in

‘Standard Methods is filtrable residue (Standard Methods, 1971), Salinity is -

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 dissoived solids are objectionable in drinking water because of
possible physio?ogica] effects, unpalatable mineral tastes and higher costs

because of corrosion or the necessity for additional treatment.

The physiological effects directly related to dissolved solids include
laxative effects principatly from sodium sulfate and magnesium sulfate and the

adverse effect of sodium on certain patients afflicted with cardiac

- disease and women with toxemis 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 te 1,500 mg/1, 62 percent of the
respondents indicated taxative effects associated 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 frequent?y is the principal component of dissolved solids.

Persons on restricted sodium diets may have an 1ntake restricted from 500 to

1,000 mg/day (Mat. Res. Coun., 1954). That portion ingested in water must be

compensatéd by raduced levels in food ingested so that.the total does not

exceed the allowable intake. _Usihg certaiplgssumbtjons of water intake

(e.g., 2 Titers of water cdnsumed per day) and sbdium'content of food, it has

been ca]culated'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 recpmmended because: (1) the‘géneral

population is not adverSelynaffecféd by sodium; but Qarious Eestricted sddium
intakes are recommended by physicians for é éighificant portion of the population,

and; (2) 270 mg/1 of sodium 1s representat1ve of m1nera11zed waters that may be

aesthet1ca11y unacceptable but many. domest1c water supplies exceed this Tevel.

- Treatment for remova] of sodium in water supp]1es is costly (NAS, 1974),

A study based on consumer surveys in 29 Ca1i%ornia water systems was made to
| measure the taste threshold of d1sso]ved sa!ts in water (Bruvoid et al » 1969) o
Systems were se]ected to elﬁminate 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 .
395 |
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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 €58 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 unless more suitable suppiies were unavailabie.
Specifié cénstituents included in the dissolved solids in water may cause -

mineral taste at lower concentrations than other constituenfs. Chloride fons

have frequently been cited as having a lqw taste threshold in water. Data

from Ricter and MécLean (1939) on a taste panel of 53 adults ind%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'distingufsh»

able, although the range was from 120 t0:1215'mg/1. .Lockhart,“gg_gl. (1955) |

evaluated the effect of chlorides on water used forzbrewing coffee. Threshold‘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 chlorides is a 

reasonable maximum level to protect consumers of drinking water.

The causation of corrosion and encrustation of metalilic 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 (lLehmann, 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 corrosion was calculated
in 1968 'to cost the consumer an additional $0.50 per 1,000 ga]lons used
(Patterson and Banker, 1968). |

A1l species of fish and ether aquatic 1ife must tolerate a range of
dissoived solids concentrations in order to survive nder natural conditions.
Based on studies in Saskatchewan it has been 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 solids. It was concluded that lakes with dissolved solids in excess
of 15,000 mg/1 were unsuitable for most freshwater fishes (Rawson and Moqre,
1944). The NTAC Report (1968) also recommended maintaining osmotic pressure
levels of Tess than that caused by a 15;000 mg/? solution of sodium chloridé.

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/co. Such
concentrated sea water is caused by evaporat1on and lack of exchange with the

Gulf of Mexico (Rounsefe]l and Everhart, 1953)

Estuarine. species of fish are toierant of sa11n1ty changes ranging
from fresh to brackish to sea water. Anadromous species’ 1ikewise are tolerant

although ‘evidence indicates that the young cannot to1erate the change until

the normal time of migration (Rounsefell and Everhart, 1953). Other aquatic

specieés are more dependent. on salinity for protection from predators or require
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certain minimal salinities for successful hatching of egas. The 6yster drill

cannot tolerate salinities less than 1?.5 o/oo, Therefore,. estuarine segments con-
taining salinities below about 12;5cyboproduce 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.f1ow should be allowed that permanentiy change

isohaline patterns in the estuary by more than 10 percent from natural variation.

'Many of the recommended game bird levels for dissolved solids concentrations
“in drinking water have been exthépo]gped,froh‘data ¢o}1ected on domestic species
Such és chickens. However, youﬁQ-duck]ings were;fepbfted poisoned in Suisan
Marsh by salt when maximum summer sa]initﬁes_varied from 0.55 to 1.74 o/o0 withrneans

as high as 1.26 o/oo(Griffith, 1963).

Indirect effects of excess dissolved solids are primarily the elimination of
desirable food plants and other habitaﬁ forming plants. Rapid salinity changes
cause plasmolysis of-tender leaves and stems because of changes in osmotic
pressure. The NTAC Report (1968) recommended the following Timits in sa1infty

variation from natural to protect wildiife habitats:

Natural Salinity Variation Permitted
(o/00) (o/00)
0 to 3.5 ]
3.5 to 13.5 2
13.5 to 35 4
395
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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 calcium
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 Hazard for Irrigation Water (ma/1)
e

Water from which no detri-
mental effects will usually
be noticed--we-mammccaoooao.. - 500

Water which can have detri-
mental effects on sensi-

tive crops-=eeccccam . 500-1.000

Water that may have adverse .
effects on many crops and _
requires careful manage- .
ment practices-em=wu- wemwem=nme= 1.000-2,000

Water that can be used for

tolerant plants on perme-

able s0ils with careful

management practices----v-ason- 2 000-5,000 .

~ The amount of sodium and the percentage of sod1um in relatton to other cat1ons

are often important. In addition to contribut1ng to osmotic pressure. sod1um is

toxic to certain plants, especially fru1ts,_and'frequently.causes pronlems 1p-

soil structure, infiltration and permeability rates'(Agricu?fﬂreiHéndbook #60,

- 339
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1854). A high percentage of exchangeable sodium in soils containing clays'that

swell when wet can cause a s0il condition adverse to water movement and plant

| growth., The exéhangeable—sodiun percentage (ESP)* is an W,‘Df the

codium status of soils. An ESP of 10 to 15 percent is 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 and
forages a range of 8 to 18 is ggnefa11y considered usable (NTAt;'1968)Q‘ I£ is - .
emphasized that application of these factors muét be interpreted in relation to
specific soil conditioné exfstfng iﬁlé giVen 1ocaie and theréfore freduent1y

requires field investfgation.
o

Industrial requirements redarding the dissolved soiids content of‘raw
waters is guite variable. Tablel0indicates maximum values accepted by various
industries for process requirements (NAS, 1974). Since water of almost any
dissolved solids concentration can be de-ionized 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(SAR) ]

where: a = intercept representing experimental error
(ranges from ~0.06 to 0.01)

b = slope of regression line (ranges from 0.014 to 0.016)

It

**SAR = godium adsorption ratio = Na

T0.5{Ca ™+ Mg} ]¥=>

SR is expressed as milliequivalents T
O‘\.
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Table 10

Total Dissolved Solids Concentrations df Surface
Waters that have been Used as Sources for
Industrial Water Suppiies

Industry/Use

Textile

Pulp and Paper

Chemical

Petroleum

Prihary Metals
. Copper Mining

Boiler Make-up

Source:- NAS, 1974

4o f

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 life:
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.

INTRODUCTION

The term "suspended and settleable Solids" ‘is descriptive of -

the organic and inorganic particulate matter in water. The equ1va1ent '

terminology used for solids 1% Standard Methods (APHA, 1971) is total
suspended matter for suspended so]fds, settleable matter for sétt1eab1e
solids, volatile suspended matter for volatile sol%ds and fixed
suspended matter for fixed suspended solids. The term "solids" is

used in this discussion because of its more common use in the water

pollution contro1 1iterature.

RATIONALE:
Suspended solids and turb1d1ty are important parameters in both municipa1
and industrial water supply pract1ces Finished drink1ng waters have a maximum 11mit
of 1 turbidity unit where the water enters the distribution system. This
1imit is based on health considerations as it relates to effective
chlorine disinfection. Suspended matter provides areas where micro-
organisms do not come into contact with the chio%ine disinfectant (NAS, 1974).
| The ability of common water treatment processes (i.e., coagulation, sedimentation,

filtration and chlorination) to remove suspended matter to achieve acceptable
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final turbidities is a function of the composition of the material as well as
its concentration. Because of the variability of such removal efficiency, it 1s

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
in locating 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 Solids criteria developed for protection of

fish and other aquatic 11fe. ‘

Fish. and other aquatic life requirements concerning suspended solids can be
divided into those whose efféct occurs in the water column and those whose effect
occurs following sedimentation to'the bottom of the water body. Noted effects
are similar for both fresh. and marine waters.

The effects of suspended solids on fish have been reviewed by the Eurcpean
Intand Fisherkes Advisory Commission (EIFAC, 1965). This review idehtified four
effects on the.ffsh and fish food pdpufﬁtiohs,,namg1y: |

“(1) by actng directly on'the fish swimning in water in which
solids are suspended, and -either ki1ling them or‘reducing their growth
rate, resistance to disease, etc.: _ _
(2) by preventing the successful deveTOpmeht-of fiﬁh eggs and larvae;
(3) by_modifying 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 quarry whefe‘jnert suspended
s01ids were increased fo 80 mg/1, the density of macroinvertebrates decreased by
60 percent while in areas of sediment accumulation benthic invertebrate populationsl'

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 ip.stream suspended solids

(25 ppm turbidity upstream vs. 390 ppm.downstream) caused smothering of bottom
invertebrates reducing -organism deqsity to on1y77.3 per square foot versus
25.5 per square foot upstream (Tebo, 1955).

When settleable soiids block gravel spawning beds which contain egys,
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
in stream biota by increasing bottom animal density, pefncipally worm populations,
and diversity is reduced as pollution sensitive forms disappear (Mackenthun,
1973). A]gaé likewise fluorish in such nutrient rich areas although forms

may become less desirabie (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 fish 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 oxygen and nutrients to 1ower portions of the water body.

One partially offsetting benefitlof suspended inorganic material in water
is the sorption of organic materig]s such as pesticides. Following this sorption
' ﬁrocess subsequeﬁt sedimeﬁtation may remove these materials frdm the water column into
" the sediments (NAS, 1974).

Identifiable effects of suspended solids on irrigation use of water 1nc1udg
the formation of crusts on top of the soil which inhibits water infiltration,
plant emergence and impedes soil gerﬁtion; thé'formation of films on plant leaves
which blocks sunlight and impedes photosynthesis and which may reduge the '
marketability of some leafy crops Tike lettuce; and finally the adverse effect on

irrigation reservoir capacity, de1fﬁéry canals and other distribution equipment
(NAS, 1974).

The eriteria for freshwater fish'and other aquatic life is essentiallv

that proposed by the N.A.S. and the Great Lakes Water Mualite Board.
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SULFIDE - HYDROGEN SULFIDE

CRITERINN:

2 ug/l undissbciated H,S for
fish and other aquatic life,'fresh

and marine water

INTRODUCTION :

Hydrogen squidé.is a so]uh}e,hithy poisonous, aaseous
compound havinq-the characterisfic cdor
of rotten eqas, 1t ié detectable in ajr by humans &t a
dilution ‘of 0,002 pem. It will dissolve in water at 40nn
ma/1 at 209C and one atmosphere'of pressure._Hydrqgen su1fide_-
piologically fs an active compound that is found primarily aé
an anaerobic degradation product of hoth organic-sﬁIfur
compounds and-1norgén1c sulfates. Sulfides aré constituents
of many industrial wastés such as those from tanneriesg, paper mills,
chemical p?ants'aﬁd nas wo;ks. The anaérobic decomnos{tion‘
of sewaqe, sTudgérheds, é?gae and other naturalﬂy'- |
depositad 6rganic materia? is a major source of-hjdragen_

5u1f1de.

tthen soluble sulfides are added to wate? thev react

with hvdrogen dons to form HS “or HZS,'the proportion of each
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depending on the pH. The toxicity of sulfides derives

'primariiy fronrllas r&ther than from the hvdrosulfide (H5™). or

sulfide ($¥) ions. When hydrogen sulfide dissolves in water it

dissociates accordlnn to the mamﬁuﬁms : .
HoS ==2H$™ +  H* and HE e 4 } T
' At ph 9 ahout 99 percent of the su1f1de is in the fornm

of PS, at pH 7 the sulfide is equaiiv divided hetween HS and

HoS and at phH § abnut 99 percent of the sulfide is present

as HpS (HAS'1974). The fact that HpS fs oxidized in well-

aerated water by natural bioioqica} systems to sulfatps or

is biologzcally oxidized to elampntn1 anlfur hasg caused
fnvestigators to minimize the toxic effects of HyS on fish

and other aquat1c !1fe._

RATIONALE:

The degree of‘hﬁiérd-exhihitedfﬁ?Lsulfidé to anuatic
animal 1{fe is dehendent 6n the,tehnerature,-nﬁ 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 1s neutral or below or when dissolved

oxyqen levels are low but not lethal to fish.the hazard from

sulfides is exacerbated. Fish exhibit a stronq avoidance

‘reaction to sulfide. Based on data from experiments with

the ;tickleback. Jones (1964) hypothesized that if figh
' Lptf
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encounter a lTethal concentration uf sulfide there is a
reasonahle chance théy wilT‘belrénelﬁed by it before:ihey_

are harmed. This of course assumes that an escane route is

open.

a

.

Many past data on the.toxicity of h?droqeh,su]fide to
fish and other aquatic 1ife have been based on extremely _
short exposure periods, Consequently these early data have indicated that
concentrations between 0.3 and 0.4 mg/}-perﬁft.fish to survive.
(Van Horn 1958, Boon and Follis 1967, Theede et al., 1989). Recent
Jong-term data, both in field situations and undér cohtr011gd Taboratory

conditions,'demonstfate hydrogen sulfide toxicify at Tower concentrations.

Colby and Smith (1967) found that concentrations as
high as 0.7 mg/? existed within 20 mm of the bottdm'of 3
sludge beds, and the levels of 0.1 to 0.N2 ma/) were common .
within the first 20 mm of water above this 1ayer...Wa1}eye,

Stizostedion vitreuml eqgs held in travs in this zone did

not hatch, Adelman and Smith (1970} reported that the

hatchabiiity of northern pike, Esox lucius eoqs was

?
substantially reduced at 25 ug/l HpS; at 47 N

iy

uq/1 mortalitv was almost complete. Horthern pike frv had

Lz



96-hour LCg5q values that varied from 17 to 32 ug/l 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 commersoni , and Smith (1971),

working on walleyes and fathead minnows, Pimephales promelas ,

found that safe levels varied from 2.9 ug/1 to 12 ug/1 with
eggs beiné the least sensitive and juveniles being the most
sensitive in short-term tests, In 96-hour bioassays, fathead

minnows and go]dfish, Carassius auratus, varied greatiy 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 1.0 mg/1 sulfide caused 100 percent =

mortality in 72 hours with Pacific salmon.

On the basis of chronic tests evaluating growth and survival,

the safe H,S level for b1uegi11, ;gpomisﬁﬁcrochuxs juveniles -

and adults was 2 ug/l Egg deposition 1n bluegiTls was reduced
after 46 days in 1.4 ug/1 H,S (Smith and Oseid, 1974). White
sucker €ggs were hatched at 15 ug/]. but Juveniles showed

- growth reductions at 1 ug/1 Safe leveis for fathead minnows
were between 2 and 3 ug/1, Studies showed that safe 1e9e1s for :

Gammarus pseudolimnaeuys. and Hexagenia limbata were 2 and 15 ug/]

respectively (Oseid and Smith, 1974a, 1974b). Some species
typical of normally stressed habitats, Ase11us spp., were -

-much more res;stant (Oseid and Smith. 1974c)

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/]

undissociated HpS would not be hazardous to most fish and

- other aquatic wildlife, but concentrations in excess of 2.0 ug/1

would constitute a long-term hazard.

410
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TAINTING SUBSTANCES

CRITERION:

Materials should not be present in concentrations that

individually or in combination produce undesirable flavors

which are detectable by organoleptic 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 lots 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 1§ part of their recreation and off—fﬁavored catches

can result in diversion of the sportsmen to other water bodies.- This can

have serious econcmic 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 have been found to- lewer the palatability

of fish flesh. Imp]ic&téd wastewaters ihc]uded those from 2,4-D manufacturing

 plants, kraft and neutral sulfite puiping 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, naphtho}, styrene, toluene, 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) deteinﬁned‘estimated threshold concentrations for

G417
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twenty~two organic compounds. The values ranged from 0.4 ug/1 (2,4-dichlorophencl) .
to 95,000 ug/l (formaldehyde). An additional twelve campounds were tested, seven of \"’/i._
which were not found to impair flavor at or near lethal levels. '
Thomas (1973) reviewed the literature 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 Chio Ri#er.as affected by
various waste discharges. The susceptibility of fishes to the accumulétion
of tainting substances is variable and dependent upon the species, length of
exposure, and‘the pollutant. As little as & ug/]'of gasotine can 1mparf off-r
flavors to fish (Boyle, 1967). - | -

His .
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TEMPERATURE
CRITERIA

Freshwater Aguatic Life

For any time of year, there are two upper 1imiting'temperatukeé.for
a Tocation (based on the important sensitive species found there at
that time):

1. One limit consists of a maximum temperature for short exposures
that is time dependent and is given by the species-specific equation:

Temperature ={1/, (log time - J -a) - 20¢C
_ (%) ( b) 10[ {min

where: Togyy = Togarithm to base 10. (common logarithm)

a = intercept on the "y" or logarithmic axis of
the line fitted to experimental data and which
is available from Appendix II-C, NAS, 1974 for
some species. _ : '

b = slope of the line fitted to experimental data and
available from Appendix II-C, NAS, 1974 for some

- species.

and
2. The second value is a limit on the weekly average temperature thatﬁ

a. 1in the cooler 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 limit
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 Tethal temperature and the
optimum temperature for the most sensitive important species
(and appropriate life state) that normally is found at that
location and time.
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or

¢. During repreductive seasons

(generally April through June

and September through Cetober in the north and March threough
May and October through November in the south) the limit is
that temperature that mests site-specific requirements for
successful migration, spawning, egg incubation, fry rearing,

and other reprecductive functions

of important species.

These local requirements should supersede all other require-
nents when they are appliecable,

or

d. There is a site-specific limit &
preserve normal species diversi

of nuisance organisms.

hat 13 found necessary to
Lty or prevent appesarance

JMarine Aguatic Life

In order to assure protection of the characteristic indigenous
marine communlty of a water body segment from adverse thermal effects:

a) the maximm acceptable increase in the weekly average
temperatire due to artificial sources is 1° ¢ (1.8° F)
durlng all seasons of the year, providing the summer

- maxima are not exceeded; ard

b) dailly temperature cyeles characteristic of the water body
segment should not be altered in either amplitude or

frequency.

Summer thermal maxima, which define the upper thermal limits for the
cormunities of the discharge area, should be established on a site- ]
specific basis. Existing studies suggest the following regional limits:

Sub-tropical Régions"(éouth of -
.- Cape Cangveral ard Tampa Bay,
Florida, and Hawaii =~

Cape Hatﬁéras, N.C., to
Cape Canaveral, Fla.

Long Island (south shore)
to Cape Hatteras, N.C._

" Short~term

Masxcimum |
: Maximum True Dally Mean®

3220 ¢ (90° ) 29.49C (85%F)

32.2°0 (90°F) - 29.4° C (85°°7)

30.69 ¢ (B7° F) . 27.8° ¢ (82° )

(¥ True Daily Mean = average of 24 hourly temperature reading..)

,'Li_;;,[
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Baseline thermal conditions should be measured at a site where there is
no winatural thermal addition from any socurce, which -is-in reascnable
proximity to the thermal discharge (within 5 miles) and which has similar
hydrogrzphy to that of the recgiving waters at the discharge.

INTRCDUCTION

Iﬁe uses of water by man in and dﬁt of its natural situs in the envirorment
are affected by its temperature. Off'stream domestic uses and instream recreation
are both partially témperature dependent. Likewise, the 1ife associated with
the aquatic environment in any location has its species composition and activity
regulated by water temperature. Since essentially all of these organisme are
80 called “cold_blooded" or polkilotherms, the temperature of the water regulates
their metabolism and ability to survive and reproduce effectively. Industrial
uses for process water and for cooling is likewise réguiated by the water's
temperature, Temperature, therefore, is an 1nmortaht'physicél parameter which .
to some extent regulates many of the beneficial uses of water. To quote from |
tﬁe FWPCA (1967), "Temperature, a catalyst, a depressant, an activator, a
restrictor, a stimlator, a controller, a killer, is one of the most impoftant :

and most influential water quality characteristics to life in water."

RATICNALE

The suitability of water for total body immersion'is greatly affected by
Temperature. In temperate climates, dangers from exposure to low temperatires 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., For example, for a 30-minute period, temperatures
of 10°C or 35°C can be tolerated without harm by most individuals (NAS, 197143.
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femperature also affects the self-purification phenomenon in water bodies
and therefore the aesthetic and sanitary qualities that exist. Increazsed
temperatures accelerate the biodegradation of crganic material both in the over-
lying water and in bottom deposits which makes increased demands on the dissolved
oxygen resources of a given system. The Typical situation 1s exzcerbated by the

fact that oxygen becomes less soluble as water temperature increases. Thus ,

greater demands are exerted on an inereasingly scarce resource which
may lead to total oxygen depletion and obnoxious septic conditions. These

effects have been described by Prelps (1544), Camp (1963), and Velz (1970).

Indicator enteric bacterla, and presumably enteric pathogens, are like-
vise affected by temperature. It has oeen-shown that both_totél‘and 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. Lower

temperatures reduce the effectiveness of coagulation with alum and subsequent

'rapid sand:filtration, Ih;One,study, difficulty'was especially pronounced below

5°C (Hamnah, et al., 1967)." Decreased ﬁeﬁperatufe alsojdeoreases the effect-
iveness of cﬁlorination._;éesed on'Studieé}relétiﬁgﬁchlofine dosage to _
tempefature, and wiﬁh e‘30~minute contact'timev dosages required for equ;valent
disinfective effect increased by as much as a fadtor of 3 when temperatures
were decreased from 20° ¢ to 10° c (Reid and Carlson, 197H) " Increased
temperature may increase the odor of water because of the increased volatllety
of odor-causing cowoounds (Burnson, 1938). Ddor 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 (Brestt, 1956; Fry, 1967; FWPCA, 1967;
Kihne 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, 1974). Only highlights from the thermal
effecﬁs on aquatic life are presented here.

Temperature changes in water bodies can alter the existing aquatic -
community. The dominance of various phytoplankton groups iﬁ specific temperature
ranges has been shown. For example, from 20°C to 25°C, diatoms
predominated; green algae predominate& from 30°C to 35°C; amd blue-greens
predominated above 35°C (Cairns, 1956). Likewise, changes from a
celd water fishery to 2 warm wster fiéhefy can occuszecauSe'temperatufe may
be directly lethal to adults or fry;_éaﬁse a reduction of activity; or
limit reproduction (Brett, 1960).

Upper and lower limits for temperature have been established for
many aguatic organisms. Considerably more data exlist 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
contribgtelto the lethalily cof temperature. The aguatic specles, thermal
acelimation state and exposwre time are considered the qritical factors
{(Parker and Krenkel, 196%). _

The effects of sublethal temperatures on metabolism, respiration, behavior,
distributioh and migration, feeding rate, growth and reproduction have been
sumarized by De Sylva (1569). Another study has illustrated that inside the

tolerance zone there is encompassed a more restrictive temperature range in
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which normal activity and growth ocecur; and yet an even more restrictive-
zore inside that in which normal reproduction will occur (Brett, 1960).

De Sylva (1969) has sumarized available data on the corbined effects
of increased temperature and toxic materials on fish. The available data
irdicate that toxicity generally increéses with inereased temperature and
that organisms subjected to stress from toxic materials are less tolerant
of temperature extremes.

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 prior 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 survive in is the ultimate lower incipient lethal
temperature. True acclimation to changing temperatures requires several

days (Brett, 1941). The lower end of_thé fémperature accommodation range for

. aquatic I1fe is 0°C in fresh water and snmewhat 1ess for saline waters. However,

- organisms ‘acclimated to reTat1ver warm water when subjected to reduced

temperatures which under other cond1ttons of acc]1mat1on woqu not be
detrimental, may suffer a significant morta11ty due to therma? shock
(Coutant, 1972),

Through the natural thanges in climatic coﬁditions, the temberatures' 
of water bodies fluctuate daily, as well as seasonally. These changés
do not é]iminate indigenous équatic popu}ations; but affecﬁ“therexisting

community structure and the geograph1ca1 d1str1but1on of. spec1es . Such

'temperature changes are necessary to 1nduce the reprcduct1ve cycles of

aquatic organisms and to reguTate other life factors (Mount 1969}
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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 tﬁrough 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, benthic
Invertebrates, and fish 1n addition to causing shifts in algal predominance.
Trembley {(1960) studied the Delaware River downstream from a power plant and

concluded that the periphyton population was considérably altered by the
discharge.

The number and distribution of bottom corganisms 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) citéd the
following as éurréntly:defineable*requirements:
"L. Maximum sustained temperatures that are consistent with
maintaining deslrable levels of productivity,
2. Maximum levels of metabolic acclimation to warm temperatures
that will permit return to amblent winter temperatures should

artificial sources of heat cease,
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3. Time dependent temperature limitations for survival of
brief exposures to teﬂperature extremes, both upper and

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
Teeding (ard other activities) by juveniles and temperatures
required for metamorphosis, emergence or other activities
of lower forms,

5. Thezmal limits for diverse species compositions of aquatic
communities, particularly'where reduction in diversity
creates nuisance growths of certain crganisms, or where
important food sources (food chains) are altered,

6. Thermal requirements of downstream aguatic life (in rivers)
where upstream diminution of a cold water resource will

adversely affect downstream'temperature requirements."

The major portion of such Informaticn that is available, however, is
for freshwater fish species rafher than Tower forms or marine-&quatic 1ife.

The tanperature—time duration for short tenn éxposures 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 & semi-logarithmic plot with time on ‘the Togarithmic scale and temperature
on the linear scaie (See Fig. #). 1In equat1on form this 50 percent

nortality relationship is:
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log)oltime(pmintes)) = & + b (Temperature(oc))
where: logj, = logarithm to base 10 {common logarithm}
a = intercept on the "y" or logarithmic axis of
the line fitted to experimental data and whirh
is gvallable from Appendix II-C, NAS, 1974
for some species.
b = slope of the Tine fitted to exverimental data and
which is available from Appendix II-C, WAS. 1974
for some species. :
To provide a safety factor so that none or only a few organisms will perish,
it has been found experimentally that a criterion of 2° C below maximum .temperature
is usually sufficient (Black, 1953). To provide safety for all the organisms,
the temperature causing a median mortélity3for 50 percent of the population would
be calculated  and reduced by 2° C in the case of an eleévated temperatufe.' Available
seientific information includes upper and lower incipient lethal temperatures,

coefficients "a" and "b" for the thermal resistance equation, and information
on size, life stage, and geographlc source of the particular test species
(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 functlon appears to be
growth (Coutant, 1972). Coutant (1972} has suggested that a satisfactory
estimete of a limiting maximum weekly mean temperature* is 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 higher value than for any other week. Can be deteriiined
from continuous measurements, hourly determinations, or some other non-
biased statistical method of analyzing temperature data.
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TEMPERATURE—CENTIGRADE ‘
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26 =

24 b=

22 [~

ACCLIMATION TEMPERATURE

24%

209

150

10°
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TIME TO 50% MORTALITY-MINUTES -

AFTER BRETT 1952 _ _

Figure 1. MEDIAN RESISTANCE TIMES TO HIGH TEMPERATURES AMONG YOUNG CHINOOK - _
ncorhynchus tshawytscha) - ACCLIMATED TO TEMPE RATURES INDICATED. LINE A8
DENOTES RISING LETHAL THRESHOLD (incipient lethal temperatures) WITH INCREASING

- ACCLIMATION TEMPERATURE. THIS RISE.EVENTUALLY CEASES AT THE ULTIMATE
LETHAL THRESHOLD'(uliimate upper incipient lethal temperature), LINE B8-C.
{TAKEN FROM NAS, 1974} .
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Because of the difficulty in determining the temperature of zers net growth,
essentially the same temperature can be derived by adding to the optimum
temperature (for growth or other physiclogical functions) a factor calculated as

1/3 of the difference between the ultimate upper ihcipient Eethai temperature

and the optimum temperature (NAS, 1974). In equatibn-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 caleulated
for the mest important lvife form ]ikéiy to be present during a particular
qonth. One caveat in using the maximum weékTy mean témperature is thaf the
1imit for short-term exposure must not be.exceeded.‘ Example ﬁaiCUTEtions

for predicting the summer maximum temperatures for short-term survival and for
extensive exposure for various fish species are presented in Tab1e'%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 occur 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 aguatic life
reproduction and development. Reproductive events are noted as perhaps

the most thermally restricted of all life phases assuming other factors are at or
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Example Calculated Values for
Maximum Weekly Average Temperatures for Growth and Short-Term
Maxima for Survival for Juveriles and
Adults During the Summer
(Centigrade and Fahrenheit)

Species Growth® Fflaxmab
Atlantic Salmon 20 (68) 23 {73
Blgmouth Buffalo ’ - . -
Black Crappie 27 (81) -
‘Bluegill 32 (90) 35 {95)
Brook Trout 19 (66} 24 (75)
Carp - -
Charnnel Catfish 32 {(90) 35 (95)
Cohc Salmon . 18 (8 . 24 (7%)
Emerald Shiner 30 (88) - .

. Freshwater Drum - -
Iake Herring {Cisco) 17 (63)C 25 (77)
Largemouth Bass _ ~32  (90) 3 (93)
Northern Pike 28 (82 30 (86)
Rainbow Trout : 19 ~ (66) 26 (75)
Sauger _ 25 (77) -
Snallmouth Bass 29  (8W) -
Smallmouth Buffalo - ' -
Sockeye Salmon 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 fbr' growth = optimum temperatu'rer
+1/3 (ultimate incipient lethal temp. - optimum temperature

b - Based on temperature (o¢y = 1/b (ogyg time(pin,) =-a) - 2°C, acclimation

at the maximum weekly average temperature for summer growth, and data
in Appendix 1I-C of Water Quality Criteria, 1972 (NAS, 1973).

¢ - Based on data for larvae (ERL-Duluth, 1976),
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PERMISSIBLE PLUME TEMPERATURE

30{86]
25(717]
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near optimum levels. Unnatural short-term temperature fluctuations appear
to cause reduced reproduction of fish and invertebrates. There are in-
adequate data availaple quantitating the most temperature-sensitive life
stages among various agquatic species. Uniform elevation of temperature a
few dégrees, but s£ill within the spawning range may lead to advanced
spawning for spring spawning species and delays for fall spawners. Such
changes may not be detrimental unless asynchrony  occurs between newly hatched
Juvenlies and their normal food seurce. Such asynchrony. * may be most
pronounced among, anadromous.species or other migrants who pass frem the
warmed area to & normally chilled, unproductive area. Reported temperature .
data cn maximum temperatures for spawning and embryo survival have been

supmarized in Table . (from ERL-Dnluth 1976) .

Although tﬁe limiting effects of thermal addition to estuarine and

.marine waters are’not as conépicuous in the fall, winter and spring as during the
summer season of maximum heat stress, nonetheless crucial thermal Timitations

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 commerciéT fish and.she11fish, particularly near geographic limits

of the fishery, appear to be marked1y influenced by sTight changes in the
lTong-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 Narraganseti Bay, Rhode Island. A 78 percent decrease in annual
catch correlated closely with a.0.5° increase in the average temperatqre over

the 30-month period between shawning and recruitment into
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Summary of Reported Values for
Maximum Weekly Average Temperature for Spawning and Short-Term
- Maxima for Embryo Survival During the Spawning Season
' (Centigrade and Fahrenheit)

mm.ruw%bw'
|

Embryo

Species : . Spawning® - Survivalb
Atlantic Salmon 5  (41) 7 (45)
Bigmouth Zuffalo 17 (63) 27  (Bl)e
Black Crazpie _ - -
Bluezill : 25 (77) 34 (93)
Brock Trouu ' ' ' 9 (48) - 13 (55)
Carp . . ) ,..i 5.21., (70) R 33 . (91)

Charmel Tasiish 27 (81) 20 (84)
Cohe: Sa_ron : . 10 {B0) 13 (5%)
Bmerald Shiner _ 24 (7%) 28 (82)c
Freshwater Drum o210 (T0) 26 (79)
Lake Herring (Cisco) .3 (37) 8 - (46)
Largemouth Bass o2l (70) 27 (81)
Northern Pike 11 (52) 19 (66)
Raintow Trout 9 (48) 13 . (55)
Sauger - 10 (50) 21 (70)
Smailmouth Bass : 17 (63) -
Smallmouth Fuffalo 17 (63) 21 (70)
Sockeye Szimon 10 (50) . 13 (55)
Striped Bass 18 (64) 25 (75)
Threadfin Shad - 18 (64) 3% (93)
Wnilte Rass- 17 (63) 26 (79)
White Crapple 18 (64) 23 (73)
White Sucker 10 (50) 20 (68)

Yellow Perch 12 (54) 20  (68)

a - the optimum or mean of the range of spawning temperatures reported
for the species (ERL~-Duluth, 1976).

b - the upper temperature for successful incubation and hatching reported
for the species {ERL-Duluth, 1978).

¢ - upper temperature for spawning
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the fishery. Sissenwine's 1974 model predicts a 68 percent reduction of

recrultment in yellowtail flounder, Limandas ferruginea, with a 1° ¢ lorg-

term elevation in southern New England waters,

Community balance can be influenced strongly by such temperature de-
perdent factors as rates of reproduction, recruitment and growth of each
camponent population. A few degrees elevation in average monthly temperature
can appreciably azlter a coamunity through changes in inter-species relation-

ships. A 50 percent reduction in the goft-shell elam fishery in Maine by the

green crab, Carcinus maenus, illustrates how an increase in winter temperatures
can establish new predator-prey relationships. Over a pericd of four years,
fhere was a natural amelicrabion of temperature and the monthlj mean for

the coldes month qf each year did not fall below 2° C. .This apparently

prec]uded appreciable ice formation_and wintar cold ki1l of the green crab

and permitted a major expansion of its populat1on with increased predation
1954 968

of the soft-shell clam resulting (Glude, 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'attaihmeht of a minimum environmental threshold

‘temperature. In some species, availability of adequate food is also a
requisite (Pearse,,}970;_Sastfy, 19755 deVlaming, 1971). Elevated temperature
can Timit gametogenesis by preventing ac;ﬁmu]ation of nutrients in the

gonads. - This problem could be acdte during the winter if food availability

and feeding activity is reduced. . Most marine organisms spawn durung the
spr1ng and summer;. gametogenesis is usually 1n1t1ated during the previous

fall. It should also be noted that there are some species which

E"S
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spawn only during the fall (herring), while others,during the winter and

~very early spring. 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 flounder, =

. L boRERL. )
Pseudopleuronectes americanus . The two bevead 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 envircrment which approximatés'the optimal temperatire
for manj physiclogical functions, including growth (Neill and Magnuéon, 1974).
As a consequence; fishes usually are attracted fo heated water during the
fall, winter, and spring. Avoidancerwill occur as water temperature exceeds
the preferendum by 1to 3° C (Coutaht, 1975). This response precludes
problems of heat stress for juvenile and adult fishes during‘the sumer,
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 incidence of diseasé ard a
deterioration of physiclogical condition has been observed among plume-
entrained fishes; perhaps due %o insuffiecient food (Massengill, 1973). A weight
toss of approximately 10% for each 1°cC fise in water temperature has been observed
ih 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.

Fish migration is often linked to nafural environmental temperature
cyclea. 1In early spring, fish employ temperature as their envirormental cue

to migrate novthward (e.g., menhaden, Bluefish) or to move inshore (winter
- 43¢
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flounder), Likewise, water temperature strongly influsnces timing of
spavwning runs of anadromous fish into rivers (Leggett and Wnitney, 1972).
In the autumn, a number of Juvenile marine fishas apd shirimp are dependent
on a drcp in_temperature to trigger their migfation from estuarine nursary
grounds for oceanic dispersal or southward migration (Iund and Maltezos,

1970; Talbot, 1966).

Thermal discharges should not alter diurnal and tigal temperature
variations normally experienced by marine commmities, Laboratory studies

show thermal tolerance to be enhanced when animals are maintained under g

_diurnally fluctuating temperature regime rather than at a constant temperature

197
(Costlow and Bookhout, 1971; Furch, 1972; Hoss, et al., ‘?? A daily
cyclic regime can be protectivé'additioﬁally as‘it reduceé'duration of

exposure to extreme temperatures (Pearce, 1969; Gonzalez, 1972).

Summer thermal maxima should be established to protect the various
marine communit1ES within each biogeographic region. During the summer,
naturally elevated temperaturss may Bé Oﬁaagfficient magniiude1to cause
-death or emigration (Chin, 1961; Glynnjﬂbaugﬁn;'TQJB)_ This more commonly
eccurs in tropical and wérm teﬁﬁérate zone_wa;ers, but has been
reported for enclosed bayé-andisha11ow waters in gther regions as well
(Nichols, 1918). Summer-heat Stress also-can contribute to increased

incidence of disease or parasitism (Sinderman, 1965); reducefor block
sexual maturation (Thorhaug,_gg_gl., 1971; deVlaming, 1972); inhibit
or block embryonic cleavage of JafvaT-deve]opment.(Ca]abrese; 1969);

reduce feeding and growth of juveniles énd adults {017a éhd Stﬁdhdlme, 1971);
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result in increased predation (Gonzalez,-1972); and reduce brodﬁctivity'of
macrozlgae and seagrasses (South and Hill, 1970;_Zieman, 1970). The general
cellings set forth here are derived from studies deiineating liﬁiting tem-
peratures for the more thennéily'éeﬁsitiie séeciés éf'canmmaities of a

blogeographic region.

Thermal effects data are presently ipsufficient to set genera1
temperature limits for ﬁ]] coésta] biogeographic régions. The data
enumerated in the'Appéndix, plus any additional data subsequently
generated, should be utilized to develop thermal 1imits which

specifically consider communities relevant to given water bodies.
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Appendix

A_Summary of the Thermal Effects Literature for the United States

Estuarine and Coastal Biocta

Recommendad marine thermal criteria are based on scientifice
evaluation of available data. Representative thermal effects
data are summarized here for an array of ecologically diverse
marine organisms, grouped by biotic region. Since the summer
temperature regime can provide "worst case" thermal conditions,
studies dealing with warm-acclimated organisms are cited
primarily. Findings of sublethal effects studies ara listed
also. Twenty-four-hour TLm (médian tolerance limit) data have
been adjusted by subtracting 2,2°C +o estimate the upper thermal
protection limit for the life history stage in question
{Mihursky, 19569). Rechnized biological wvariables 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 considered.

Normally, thermal effects data derived in one biotic region
should not be applied to another. Latitudinally separated
populations of widely distributed species ma? axhibit significant
genetic variability and ﬁsually have experienced different,
recent environmental histories. Boundaries for regional ceilings
are demarcated by biogeoqraphic provinces. Species composition

of the marine system, and most important, responses to elevarad

A7)

Vo o el . o



‘meu‘.'ma.; TEo

temperature, are génerally 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 Cog, Massachusetts, represent

these boundaries. On the west coast, Point Conception in

"southern California marks the limit of warm and cold temperate

ZOones,

Boreal 2zone, Atlantic Coast: This region extends from Cape

Cod, Mass., to the Gulf of Maine., Insufficient data are
available for setting regional temperature limits. UOpper 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 boreal species require periods of
uninterrupted low water temperatures to tulfill environmental

requirements for successful maturation of sexual products,

spawning, and subsequent egg and larval survival. Winter

flounder, Pgeudopleauronectes americanus, have an upper limit for

spawning of 5.5°C (Bigelow and Schroeder, 1953). Spawning occurs

during the winter.
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Ten degrees centiqrade 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 éroducts {DeCola, 1970} . Development 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 degrees centigrade is the upper

limit for spawning Atlantic herring, Clupea harenqus, (Hela and

‘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 larvae, Limanda ferruginea, was cbserved at 17.8°C

{Colton, 1959). The protection limit for yearling Atlantic

herring, Clupea harenqus, (ﬂB*hr._TLm ~ 2.29C) is 19.0°C (Brawn,

1960). At 21°C, embryonic development ceases in the amphipod,

Gammarus duebeni, {Steele and Steele, 1969). Above 21.2°¢C,

spores are killed and growth is rgduced-in the macroalga,

Chondrus crispus, which is éommercially harvested as. Irish moss

{Prince and Kiﬁqshury,'1973}.

.£old Temperate Zone, Atlantic Coaggg Temperature ceilings

are‘particularly-critical in the soﬁthern portion of this region

(south shore of Long Island to Cape Hatteras, N.C.} where

enclosed sounds and 1ardeﬁcoasta1éplain,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, Pseudopleuronectes 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 =
areparia. Specific critical temperatures for these gpecies are

detailed in Table The adult protection limit (TLm - 2.29¢)

is 28.89C for sand shrimp, Crangon sgptemspinosg, and 30.89C for
opossum shrimp, Neomysis americanus. ﬁoth are important food
organisms for fish (Mihursky_and Kennmedy, 1967)., Respiration
rate is depressad above 30°C in the mole crab, (Edwards and
Irving, 1943). At 31.59¢, there is 67 percent mortality in coot

clams when exposed for 6 hours {(Rennedy, et al., 197&).

A true daily mean Timit of 27.8°C approximates the upper limit for 1arva]
growth of the coo£ clam {27.5°%C; Calabrese, 1969). Between 28°C
and 30°C juvenile amphipods, Corgphium ;ggig;gggm, leave their
tubes and thereby lose natual protection from predation
{Gonzelez, 191&). Such elevated temperatures may also have
subtle sublethal effects, such as reducing feeding and growth.

In the quahaug, Mercenaria mercenaria, growth is optimum at 200c¢

{Ansell, 1968). Growth is inhibited above 24°C in a rock weed,

Ascophyllum nodosum, {South and Bill, 1970;. Prolonged e

~
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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

Species.’ .

Seasenal Occurrenca

Beference

, * ]
TABLE
'f:npentuf; !lhc_t
3¢ 86,0 . Avoldance response breakdown
(e} i}
29.8 85,6  Behavior-reduced feeding and
behavior altered
29.4 849  Survival-epgs (507 optimal
: survival) . .
29,1 84.3 Survival-larvae (TLa} '
29.0 84,2 Suivival-idult psetection
- Mrir (Tim - 2.2°C)
29.0 84,2 Avoidance. res'ponse
29.2 . 82.7 Survival-adult protectioa’
) Umit (TLm - 2,2°C) :
éi‘ : -] .0 824 Survival-adule limte
27.'5 B1.5 Davelopment-upper limit
C larval development -
26.9 80.4  Survival-juventle pro~
tection limit (Tim - 2.2°C)
28,8 79.7 Avoldance response
6.0 78.8 Survival-adult
25.5 Ir.9 Avoldance response
4.8 76.7 Occurrence-maximum temw
perature for occurrence
1n Chemapeaks Bay )
24,6 76,2 Sorvival-larvae (Tlm) .

Forone saxatilis

E'mpca Lass)

" Pomatemus saltateix

(bluefish} -

" Menidia menidia

(Atlantic silverside)

Mugil cephalus
{striped mullet)

Sphastoides maculatus --
{Borthern puffer}

Brevoortia tyrannus
{Atlantic menhaden}

Henidin men {dia
(atlantic silverside)

Mya sreaaria

. {soft shell clam)

Mulini®s lareralfn-
{coot clam}

" Pzeudopleuronectes smerigenus

(winter flounder}

Lynoscian repalis
(sea trout)

Mytilus edulis
{blue mussel)

Lefostonus xanthrue
(spot)

Uzophvcic rrauie
(spotted heke}

(Atlantic silvereided

April;ﬂuvmber
HMay-October
Hay-June
January-Apeil .
{coastal waters}
January-Decenbes
Aprll—Octo?:cr
Apr i.i-—ﬁavulber
Janunr:r-—D:cenbe.!'
Ha rct.l-October
April-Decenber
May-October
‘Janua_;—y_-pr;cenb er
Jgnuai-y»hacmber

Junvary-December

May-June

Cift & Westman, 31871

oits, 0t 2] 1969
Everfeh & Keves, | 973
"{unpublished)

Cottenay '&. Roberts,
1973

Hoff & Westmen, 1966
Heldrim & Gifr, 1971

Hoff & Weatmam, 1956

PEitzenreyer

{pers:conn)

- Calabrese, 1962

. Hoff & Wegtman, 1966

Gift & Westmazn, 1971
Gonzaler, 972
Gift & Westmgn, 1971

Baraar, 1972

Eeerich & Nevss, i 973

" (unpubiished}

Compiled by ERL-Narragansett, 1976
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omotion is markedly reduced at 22°C in the Jonah crab, Cancer

loc
borealis: at 28°C in Cangcer irroratus (Jeffries, 1967). 2An

. unmw\'-w-r."-

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'26.5°c in sea trout, gzgggg;gg
regalis, (Meldrin ahd Gift,-197L).. Breakdown of the avoidance
response in striped bass, Morone saxatilis, 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'sﬁmmer-ambient prb-'
vides reasonable protection. For example, maximum short—ierm
temperatures in Narragansett Bay, Rhode Islaﬁd, usﬁally would not
exceed 23.4°C in August, 3judging from 15-year mean temperature
data for Fox Island . Larval Atlantic silverside, juvenile
wiptgr flounder, and blue mussel should be protectegd by that
thermal limitation. The thermal protection  limit (TLm - 2.20)

121\
-

for juvenile winter flounder is 26.9°C (Gift and Westman,
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Repeated exposures to 25°C would stress the blua mussel, Mytilus
edulis, by causing cessation of feeding (Gonzalez, 1972). Diurnal

summer, maxima exceeding 22°9C can alter norwal metabolic rates in

embryonic fautog, Tautona onitis, (Laurence, 1973) and cause feeding
problems for adult winter flounder {0lla, 1966} and.tba sand-collar

snail, Polinices duplicata, (Hanks, 1953).

Optimum for summer development of the rock erab; Cancer
irroratus, and Jonah -crab, C. bdrealis, larvae is 20°C; at 259C,
mortality precludes completion of larval development (Sastry and

Vargo, in press)._rBetween 15 and 20°C, activity of the amphipod,

gamﬁarﬁs oceanicus, is much reduced (Hglcrow ané Boyd, 1267). Ini-
tiation of spawuiﬁg is often cued by temperature.‘nlde‘mussel spawning
occurs when spring temperatures reacﬁ 12°¢ (Engle-and Ldosénoff, 1944).
A ninimum of 109C is required for their emﬁryonic development

{Brenko and Calébresé, 1969) and spawning occurs at 15°C. Peak

spawvning runs of American shad; Alosa sapidissima, into rivers occurs
at 19.5°C (15 year averagé, Connecticut River); downstream migration

of juveniles occcurs as temberature falls below 15.50C (Leggett and

: Whitney, 1972). Menhaden migrate at 10°C jBigelov and Schroeder,

1953); striped bass, Morone'séxatiiisr.migrate into or leave rivers

at & to 7.5°C (Merriman, 1941) In the fall and winter, ‘fishes con-
grerate in discharge plumes which exceed these temperatures. These -
fishes exhibit Increased incidence of disease and a general loss of

physiological condition (Mihursky, et al; 1970). (eamoled/

Warm Temgera*e Zone, A ;gntlc and Gulf Coasts' This region

extends from Cape Hatteras, N.C., to Cape Canaveral, Florida, and

453
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.on the Gulf Coast from Tampa, Florida, to Mexico. The

recommended req10na1 ceiling 15 a short-term maximum of 32,200 .

pProlongPd exposures to temperatures near thls 1evel would

adversely affect portions of the biota. Atk33°c, bay.anchovy;

'gg-hoa m;tchlglg, embryonlc development is reduced to 50 percent

”'of optxmum (Rebel 1973}. The upper 11m1t for qrowth of ‘juvenile

white shrimp, ggnaeus ggg;ggggg,_is 32.50¢ {Zein-Eldin and

Griffith, 1969). A decline in field abundance of brown shrimp,

‘Penaeus aztecus, at temperatures above 309C was repdrted by Chin

{1961).

Protection limits (50 percent of optimal sur#ival)_of two
gsardines, Harengula jagggggzahg,ggggngula pensacolae, for
development of the yolk sag'lafval stage are 31.49C .and 32.2°C,

regspectively {(Rebel, 1973; Sakensa, et al., 1972). Larval

pinfish, Lagodon rhomboides, and spot, Leiostomus xanthurus,

exhibit a breakdown in avoxdance respcnse mechan13ms at 31. 0°c

and 31. Joc, respectlvely (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 limit for

adult growth of the quahaug, Mercenaria mercenaria, is 31eoC

{ansell, 1968).

Daily mean temperatures continually exceeding 29°C would

result in mortallty of strxped mxllet 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 ecoloqicall
effects could occur at levels well helow 299C., For example, the
upper limit for optimal growth of post=larval brown shrimp,
Bepaeus aztecus, is 27.5°C (Zein-Eldin and Alrich, 1965).
Developing embryos and fry of striped bass cannot tolerate 26.70°C
in fresh water (Shannon, 1969). This report may also apply to
fry in waters at the head of estuaries., This species spawns in
early spring.” Elevation of wintér.temperatureé-above 209C in St.,

Johns River, Florida, could interfere with upstream migration of .

hkmerican shad, Alosa éapidissima, {Leggett and Whitney, 1972).

Sub~ Tropical Regions: Ceilings for sub-tropical regions such as south

- Florida {Cape Canaveral and Tampa southward), and Hawaii are an in-

stantaneous maximum 32,2°C and a true daily mean not exceeding 29.40¢C,
Ceilings for true tropical sites should he developed from studies of
indigenous populations of relevant communities.‘ Physiological variation
1n thermal adaptations and tolerances have been reported for coral be~-
tween sub-tropical (Hawaii '19-229 yat, ) and true troplcal sites
(Eniwetok Atol Marshall Islands, 110 Lat.) (Jokiel et al., in press)
Much of the following thermal effects data represent southern
Florida or Hawaiian biota. -A review by Zleman and Wood (1975)
suggests that the thermal optimum is 26-289C for tropical marine..
systems, with chronic exposure to temperatures bet*een 28°¢ and
30°C causing heat stre887; Death of the biota is readily discernible

between 30°C and 320, Mayer (1914) recognized that nearshore

—_—
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tropical marine biota normally live at temperatures only a few
degrees below their upper lethal limit. & study of elevated
temperature effects on the benthic community in Biscayne Bay,

Florida, resulted in the following data (Roeésler} 1974} :

Temperature for High | Temperature for 50 Percent

Phylym Spegies_Divergity (°C) Species Exclusion {°C)
Molluses ‘ ' 6.1 0 ' ' 31.u
Echinoderms 27.2 . 31.8
Coelenterates 25.9 T 29,5
Porifera 24,0 “_ : _‘ 31.2

Other thermal data for tropical biota include a 25.4-27.89C
optimum for fouling community larval settlement {Roessler, 1974);

25%C optimum for larval development of Polvonyx gibbesi, a

-commensal crab (Gore, 1968} 27°¢ for growth and gonad develop-

ment in sea urchins, Lytechinus variegatus, and for growth in a

snall, Cantharus tinctus, (Albertson, 1973): 27 to 28°C optimum

for larval development‘of‘pink shrimp, Penaeus dﬁo;a;gg,

{Thorhaug, et al., 197la); and 30°C optium for turtle grass,
Thalassia ggstuggggg, productivity (2Zieman, 1970). Kuthalingham

{1959} studied thermal tolerance 0f 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 J89C to

309C, but +heir tolerance limit ranged from 30%C +o 320,

Thermal stress of the fouling community is seen in a 50 par-
cen£ 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 rhomboidalis. At 29.89C, vellowfin

menhaden, Brevoor+ia smithi, and at 31.s°¢ scaled sardines,

Harengula jaguana, suffer similar mortalities during early

development {Rebel, 1973). Temperaturas in excess of 31°C o
339C can interfere with embryonic development in six species
of‘manqrove—associated nematodes, even‘tﬁouqh adults can tolerate
an additional 2°C to 7°c fHopper, gﬁ al., 1973} . Upper limit for

larval (naupliar) metamorphosis in pink shrimp, Penaeus duorarum,

is 31.59C {Thorhaug, et al., 197ib). Upper lethal temperatures
include 3l 59C for five species of Valonia (Thorﬁauq, 1570y ;
death in 3 to 8 hours for five Hawallan corals at 31-32¢0C
{Edmondson, 1928: Joklel and Coles, 1974) ; 329C Tim {95-hour) for

the sea squirt, Ascidia nlqra, and sea urchin, Lytechinus

variegatis, {Chesher, 1971}._ Averaqge daily temperatures near 31°C

57
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for three to ten days result in decreased arowth in seagrass,

allassia testudinum and red macroalgae. Laurencia Q_ite;.

Between 32°9C and 33°C; hea1th and abundance of these specles
declines markedly-(Thprhaug, lQ?l,A;913}.__Replacement of
seagrass is slow, especially if rhizohes'afejdamaqed due to
excessive consumption of:st§fed'starCh dﬂrinq heat stress
{Zieman, 1970}; Rei?;;fy 1assxa beds may take decades

(21eman and WoOd, spyewewszmen) o

Pacific Coast: Fewer thermal efféctsfstudies_have heen

conducted on West Coast Specigs. However, the concept of sea-
sonal resﬁrictions for temperature elevatiohs above ambient aré
well supported in several East Coast_piovinbes and is deemed.
applicable to the West Coast as a qenérai'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 biogeographical
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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Pacific Cold Temparate Zone: Some winter and spring spawning
pallasi, (McCauley and Hancock, 1971) ; 7°C to 8°¢C for English
sole, Parophrys vstulus, {Alderdice and Forrester, 1968); 13°C for
May and June spawning of razor clams, Siliqua patula, (McCauley
and Hancock, 1971}; and 129C to 14°C for native little neck

clams, Protothaca staminea, {Schink ana Woelke, 1973}. Optimal

growth occurs at 10°C in the small filamentous red algae,

ntithamnion spp., (West, 1968), and 12¢C to 16°¢ is optimal for

3 miora s ey

growth and reproduction of various red and brown algae, including

itelp, Macrocystis p pyrifera, {Druehl and Risiao, 1969}, Twelve to

ol e e e
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16°C favors sea grasses, Zos

tera marina and Phyllospadix
{McRoy, 1970}. Spawning migration of striped bass, Morone

-

saxatilis, occurs at 159C to 18°cC {Albrecht, 1968): in American

shad, Alosa sapidissima, spawning runs occur at 16.0-19.5°C

{Leggett & Whitnev,1972). At Véncouver Island, B.C.,

-distribution of a kelp, La_;narla ggxmlmtuca .¢ 13 temperature

1nfluenced The long stlpe form 13 ‘not found above 139C; the
short stipe form does not occur above_l?OC?. In the laboratory,
elevation of temperature to l3ecC p:bduces abnormal sporophytes.

(Druehl, 1967)., Dungeness crab, Capncer magister, larval

development is optimal at 10 and 13;9°C, survival is reduced at

17.89¢C, with no survival to megalops at 21 7°C (Reed, 1969). The

Upper thermal llm1t for razor clam embryonic and larval develop-

ment is 17°¢ (Mccauley and Hancock, 1971). Upper growth limit
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for small filamentous red algae, Antithampion spp, is 139C {Wesk,
1968). Xing salmon migration into the San Joaquin River may bhe
delayed by estuarine temperatures in excess of 17.80C (bunham,

1968) .

The sea grass, Phyllospagdix sgouleri, bagins to die off

(McRoy, 13703, and the pea pod horer, Fotula 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 clam, Protothaca sktamipea, {Schirk 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 22.2°C in the San Joaquin

. estuary (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 23°C results in significant mortality of the adult razor clam,

'Siligua patula, {(Woelke, 1971) and the sockeye salmon,

Oncorhvynchus 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_é gobiid

fish, Gillicthys mirabilis, is blocked at high temperatures.

Bonadal regression hegins at 22¢C in females; at 28°C in males.
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Gonadal recrudescence will not occur at 2400 or above, reqardless
of photoperiod (DeVlaming, 1972), The 36-hour TLm for red
abalone adults is 239C when acclimated to 15%¢C; for the embryes,
26°9C, when exposed for 30 hours {Ebert, 1974}, Sea urchin,

Strongylocentrotus purpuratus, upper tolerance limit is 23.56C

tor adults (Gonor, 196B8): 25°C is lethal to enmbryos and renders
adults limp and unresponsive after 4 hours {Farmanfarmaian and

Glese, 1963).

Pacific Warm Temperate Zone: The thermal threshold for

spawning in Pacific sardine, Sardinops caerulea, is 139C (Marr,

e

19623, Reports of temperature'optima £or spawning include 15¢C

in a ctenophore, Pleurobrapnchia bachei, (Hirota, 1973} 3 169C in

the spring spawning wooly ‘sculpin, Clipocottus analis, {(Graham, .

1970); 17.59C for northern anchovy, Endraulis mordax; 199C for

opaleye fish, Girella nigricans, {Norris, 1963). Larval survival

is best at 1§ to 189C in white abalone, Hal;ot;_ sorenseni,

(Leighton, 1972}.

Limiting effects of temperature 1nclude scarcity of the kelp_

1sopod in the heds above 17 8°c (Jones, 1971). Upper limit for

_qrowth in P;eurobranoh;_ ba_§91 is 17°C; 20°C is the upper

tolerance limit for the adult ctenophore {Hirota, 1973). Tweﬁty
degrees centigrade also causes limitéd sufviva1 in recently

settled juvenile white abalone (Leighton, 1972). Limiting

il
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effects for wooly sculpin include ﬁhe upper limit, of cptimal
-~  growth at 219°C; at 229C, a 50 percent reduction in the successful
development of eggs; at 2U°C, . the upper limit for embryonic

development is reach2d (Hubbhs, 1966} . Sea Urchins,

Strongylocentrotus sp. are weakened or killed at 24°C to 25°C
(Leighton, 1971). At 25°C, partial osmoregulatory failure occurs

in staghorn sculpin, Legtocottﬁé armatus,'at 37.6 o/00 {Morris,

1960). A maximum temperature of occurrence of 259C is reported
for top smelt, Atherinops affinis, by Doudoroff {1945} ang

northern anchovy, Encgraulis mordax, {Bakter, 1967). For

.topsmelt, the upper limit at which larvae hatch is 26.8°C (Hubbs,

l1965).

Natural summer temperatures are stressful to beds of giant

kelp, Macrocystis pyrifera, in southern California. This

precludes any summer thermal discharge in the vicinitv of these bads,
Deterioration of surface blades is evideﬁt from late June onward,

due in part to reduced photosynthesis (Clendenning, 1971).

Several weeks' exposure to 18.9°C is hgrmful to the beds {Jones,
1971y, while temperatures over 20°C result in pronounced loss of

Eelp {(North, 1964). BRBrandt (1923) reported.ﬂum there was some &)péﬁxmt
reduction of kelp harvest when the average temperature was |
20.65°C and that a bacteriél disease, black rot, thrives bn kelp

at 18-20°C, One-day exposure to 229C is quite harmful +to

cultured gametophytes of giant kelp (Hoerth, 1972}.
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CRITERIA:
5,000 ug/1 for domestic water supplies (welfare);
For freshwater aquatic 11fe, 0.01 of the 96-hour
L650 as determined through bicassay using a
sensitive resident species.

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 - irme
as oxidation broducts of the sulfide; fhey represent only minor sourc.
of zinc. Nearly 3,000,000 short tons of recoverable iinc per year art
mined in the world; about 500,000 tohs of this come from the United
States.

Zinc (as meta])_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 é]1oys for dye casting. Zinc is used also in brass
and bronze alloys, slush éan{ngs (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
sampies 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 benefi§5a1 element in human metabolism
(Vallee, 1957). The daily requirement . of preschoo1-agedrchi1dren is
0.3 mg Zn/kg body weight. The dai1y.adu1t human. intake averages 0 to
15 mg/ zinc; deficiency in chiidren 1éads o growth retardation. CLom-
‘munity water supplies have contained 11 to 27 mg/1 without nhammful effects
(Anderson, et al., 1934; Bartow and Weigle, 1932). However, in tests
performed by a taste panel, 5 percent of the observers were able té
distinguish between water containing 4 mg/1 zinc as ZnSOz, 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/1).

The toxicity of zinc compounds to aquatic animals is modified by
several envirgnmental factors, particularly hardness,'disso]ved oxygen,
and temperature. Skidmore (1964), in undertaking a review of the

Titerature on the toxicity of zinc to fish, reported that salts of the
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alkaline-garth metals are antagonistic to the action of zinc salts,

and salts of certain heavy metals are synergistic in soft water. BRoth

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 c1ogging 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. Pibkering and Henderson

(1966) determined the 96-hour LC50 of zinc for fathead minnows, Pimegh;ies

promelas, and bluegills, Lepomis macrochirus, using static test conditions.
For fathead minnows in éoft water (20_mg/1j CaC03) the LCgy was 870 ug/1,
and in hard water (360 mg/i : CaCQ3):it-was 33,000 ug/j. Bluegills were
more resistant in both waféfé! “Similarly, the'1étha] threshold concen-
tration was 3 or 4 times as high.for_cbarse f{sh—as for trout, Salvelinus

fontinalis, (Ball, 1967).

The 24-hour LCsq of zinc for rainbow freut, Salmo gairdneri, was
reduced only 20 percent-when fhé fish were fdréed to-éwih-at 85 percent

| pf their maxihum'sustained:swimming speed (Herbert and Shurben, 1964).

The maximum effect of a'réducﬁion in dissolved oxygen from E-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).
Ha3



The Atlantic salmon, Salmo salar, was tested in a 168-hour
continuous-flow bioassay at 176 C in ﬁater with a total hardness of
14 mg/1 Cacos, The 1ncip1ent 1ethal 1evel, the 1eve1 beyond which
the organism can no 1onger surv1ve, was 420 ug/] of zinc (Sprague

and Ramsay, 1965).

Brungs (1969) found'that'in-water‘with a total hardness of 200 mg/1
CaCOg, 180 ug/1 zinc caused am 83 percent reduct1on in eggs produced by the

fathead minnow, Pimephales promelas, in chron1c tests The tests tasted

10 months and the control test water contained 30 ug/1 zinc. ?he'
96-hout continuous- f]ow TLm was determ1ned to be 9, 200 ug/1 zinc.

Y4

A number of short term fish toxicity data are detailed in Table .

When referring to this table, the reader shou?d cons1der the species
tested, pH, alkalinity, and hardness &f a1ka11nity is not given (in most
natural waters alkalinity paral1e1s hardness). In genera1 the‘salmonida;
are most sens1t1ve to e1ementa1 zinc in soft water; the rainbow trout

Salmo gairdneri 1s*the most sens1t1ve in hard waters. The 1nf1uence of

the pH on solubility of zinc complexes, and the resulting toxicfty of
zinc, 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.

frechwater or marine criteria 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-hoyur LCsg of 303 ug/]-zinc, whereas the 96-hour LCsp

in hard water was 434 ug/1 zinc. The LCgo of a zine sulfate solution

in dilution water with a total hardness of 44 mg/1 CaCl; for a

10-day test to a mayfly, gghgmgrgllg_subvarja, was 16,000 ug/1 (Warnick
and Bell, 1969). In 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 for Daphnia magna in soft water with a hardness of

45 mg/1 CaC0g and an alkalinity of 42 mg/1 has been found to be

100 ug/1; in 70 ug/1 zinc, there was alé pefcent reproductive impairment

in a 3-week chronic test (Biesinger and Christensen, 1972).

Toxicities of zinc in 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 mQ/T,' Mi]Tikan (1947) found that 2.5 mg/1
produced‘irbn deficiency in oats. Early (1943) found that the Peking
variety of soybeans was kiiled at‘o.d mg/], whereas the Manchu variety

was killed at. 1.6 mg/] zinc.

Although few data are available on the effects of ziné in the marine

~ environment, it is accumulated by some species, and marine 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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TABLE =%

The scite toxicity (24~, 48—, 96~hr TL30 values} of zinc to several specles of flsh in water of var‘i'ou_s watér' qua]ities.

Exposure
time Exposure  Temperature Concentration
Cpecles S1ze Compound (hr) type (°cy _ (mg/1) pH Alkalinity Hardpess Reference
Brook . : " N o
trout 3.0 ZaS0y, * 7Hz0 96 F1 14.8-15.5 1.38 Zn 7.3-7.7 - 42 Y45 7
(Salvelinus 1.9 g 2.09 In
foutinalis} 19.0 g 2.50 Zn
Bruok . : : .
trout 3.0 g ZnS0y - Tiip0 96 FT 14.8-15.5 5.50 Zn 7.3-7.7 - 100+10 )]
3.9¢ 6.05 Zn : .
19.0 ¢ 4.92 Zn
Rainbow : o i - L S
trout 3.9 .g ZnS0y, ~THL0 96 FT 14.8-15.5 .+ 0.285.Zn L 731707 0 W2 45 . . (7)
(Salmo 4.9 g ‘ : 0.506 Zn- : e o sl
gairdneri) 28.4 g 0.820.2Zn
Rainbow g ' : P
trout Juveniles ZnS0y, 926 FT 12.7 0.43 Zn 6.8 25 26 Qs
Rainbow : ) s B ) | o
trpae 7g Zinc 9 . FT 11:6-12.4 . 0.10Zn  © 6.8<7.0 1726 © 20-25 . (4)
Ratnbow . . : . _ . . . 3
trout Fingerlings Zinc 48 FT 17.7 ‘ 0.91 Zn . 6.9 s 44 .- (8)
sulfate : i - : ‘ :
Rainbow ' ) * . : :
trout 1.5 g Zine 96 -8 10 0.09 Zn 7 20 < 20 - (3)
Rainbow . N - :
trout Juveniles ZnS0oy, T 96 . FT 16.2 ‘ 7.21 Zn ‘ 7.8 (238 - 333 15)
Rainbow ) : . : o .
trout 3.9 ¢ Zn50, +TH20 96 - FT 14.8-15.5 2.40 Zn 7:3-7.7 - ’ 100410 [¢3)
0.9 g . 2.66 ZIn .
28.4 g 1.95 Zn
Rainbow ] . . .
trout - Zinc 48 s 15 3.2 In 7.6 200 300 (1)

*flow-through bicassay
**static biocassay
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lhe acute toxicity (24-, 4B-, 96-hr TL30 values) of zinc to seversl specles of fish in water of various water qua]i'ties_.

St e m

Exposure .
time.  Exposure Temperature Concentration
Specles Size Compound (hr) ~ type *C} {wg /1) pH Alkalinity Hardeess Raference
Cutthroat .
trout - Zine 24 FT - 0.62 Zn 7 239 - {11)
(Salwo 48 FT 0.27 Zn
clarii) 96 T¥T 0.09 Zn
24 s 0,42 Zn
.Chincok
sulmon At hateh Zine 96 oy 11.1-12.0 >0,70 Zn 8-7.0 17-26 2)-25 (4)
(Oncorhynchus -
-tshaw;gtc@ " ¥ monch old Zinc 96 I 10.8~12.5 0.103 in
Atlantic
szlmon
(sakmo Sal ary  Juveniles Zinc 24 | FT 15 0.65 Zn .1-7.5 - 20 an
Fathead .
wlnnow 1-2 g 2080y « 740 24 -1 15 0.92 ZnS04+7820 7.5 18 230 {9)
Q’.MDEL&%&?_ 48 0.87 Zn80y +7H20
pronclag) 26 0.87 ZnS0y+7Hp0
Frtheaad
slancw 1-2 g Za{CH30,) 2 24 8 15 1.03 Zn(CpH30,), 7.5 18 20 (93}
43 0.88 2n({3H30,);
96 0.88 Zn{C,N40;),
Fathead -+
alannow 1-2 g Zn82,+TH;0 96 FT 25+1 12.5-13.8 an 6 - 50.2 (B}
6.2-13.7 Zn 7 50
4.7-6.1 ZIn 8 50
Fatheed -
ntanow 1-2 g 2850, *THz0 %6 Fr 2541 18.5-25.0 Za | 6 - 100 &
12.3-12.5 Za,, 7
8.1-10.9 Zn 8



The scuta toxicity (24~, 48-, 96-hr TLIH valuen) of zinc to meveral specles

P aag e
i
!

of fish in water of Varibus water qualities.

Exposure :
time Exposure Temperature Concentration
Species Size Coumpound {hr) type (70 (wg/1) pH Alkalinity Hardpoess Reference
Fathead +
ninnow 1-Z2 g ZnS50y *7H20 96 FT 2541 25,0-39.5 ZnH 6 - 200 {8)
13.6-19.3 Zn_H'_ 7
8.,7-21.0 Zn 8
Fathead
minaow -2 g ZaS0y, * TH0 24 3 is 34.5 InS0y~7Hz0 7.5 300 360 (%)
48 33.4 ZnS0, *7Hz0
96 3.4 ZnS0,*7Hp0
'{‘% Fathead ) L - ' : S
w alnnow Egge ZnS0,, *7H0 24 FT 20 3.95 Zn . © 7.5-7.6 4458 - 174-~198 {10}
48 2.55 Zn : :
96 i.84 2Zn
Fathead ' . ;
minnow Fry ' ZnS0y, *THz0 24 FT 20 0.95 In 7.5-7.6 . .44-58 -174-198 (10)
48 . 0.95 Zn o . '3
96 0.87 In
Fathead '
minnow 45 (mm) Zine 24 L] 23.2 8.9 In 6.2 - 166 {12)
: 43 7.8 In )
96 7.6 In «
Fathead '
minnow 2-3 g ZnS0y, * TH0 96 s 23 . 12.5 ZIn. 7.4-7.9 - 203 )
’ FT : 9.2 ZIn '
Bluegills -
(Lepomis -2 g 2nS0;, " TH20 26 8 15 6.48 ZnS0,,+7H0 7.5 18 20 )
macrochirus) 48 ’ 5.46 ZnS0y,"7H30
96 5.38 ZusO, *7H,0




The acute toxicity (24—, 48-, 96~hr TL50 values) of zinc :o‘.sevarnl_ speciea of fish in water of Yarious water gualities.

Exposure : .
' : time Exposure Temperaturae Concentration
Species _Size " Compound {hr) © rype {°c) ] (mg/l) pH Alkalinity Harduness Reference
Bluegille S 1-2 g -Zntly 24 5 s 7.24 ZnCly - 7.5 18 20 €9)
48 . 5.76 ZDCJ.Z
96 5.37 ZnCl,
Eluegil la_ 7 g ZnSoy, 96 FT CI-0 10.6 ZnH 7.8 35.6 46 {3
Bluegills ' 1-2 g Zn80y * 7TH20 24 5 15 40.9 ZnS0y-7HaD 7.5 300 360 3
T 48 : 40.9 ZnSO, -7H,0
o 96 40.9 ZnSO,*7Hp0
Flagfish ) : . ) : ' )
(Jordanella 20 {mm) ZnS0y - 7H20 96 FT 2542 1.5 2n 7.5 42 45 (16)
floridae) . i
Banded . . . ; —
killifish <20 {cm) Za(NODy) 24 . . s 17 22.6 Zn, 7.8 - 53 {13}
" (Fundulus 2 48 . 20.7 Zn.H_
* diaphanus) o _ 96 : 1%.1 Zn
Banded . ‘ : - - ,
killifish <20 :(cm) . Zn(NO3) 24 - s 28 " 23.0 Zn 8.0 - 55 {14}
.- 2 . -
48 20.4 Zn
9 19.2 zn't
Striped ) - : ’ ) -
basa : %20 (cm) In(NO3), 24 5 17 : 11.2 Zn_H_ v 7.8 - 53 . {13)
{Roccus . R - ' 48 : 10.0 2Za
Baxatilis}) o ) 36 6.7 Zn

i
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obly

The acute toxicity (24—, 46-, 96-hr TL50 values} of =inc to several species of ‘fish in water of Various water q‘j‘aﬁties'

(continued)
Exposure
tine Exposure Temperature Contentration
Specien Size Compound (hr) type (") (mg/1) pl Alkalinity Hardness Reference
Striped . . .
base <20 {cm)  Zn(N0y), 24 5 - 28 11.3 2}y 8.0 55 (14}
H8 10.0 Zn :
96 6.8 2n'"
Punpkinseed S .
(Lepomis - <20 {em)  Zn(NO,) 2% s 17 (252 Zort 7.8 53 (13)
gibbosus} 2 32 ;;.g ;n_H_
. C4£N0 Zn .
Pumpkinseed <20 (em)  Zn(NO3) 24 s 28 25.1 za}t 8.0 55 %)
2 48 21.9 Zn o
96 20,1 Zn
White : ) .
perch <20 {cm) Zn(Noy), 24 K 17 13.6 Znﬁ 7.8 53 Q3
(Roccus 48 10.2 Zn ’ C .
amer fcanus) 96 14.3 Zn
White ) ) ! :
perch 20 (em)  Zn(ND3) 24 5 28 13.5 zoy) 8.0 55 )
48 10.1 2n ’
96 14.4 Zn
Caxp )
(Cyprinus <20 (em)  Zn(R0y), 24 s 17 14.3 Znty 7.8 53 a3
cazpio) 48 9.3 In
7 e 96 7.8 za't
Carp <20 (em)  za@Woy), 2 s 28 1.4 2: 8.0 55 ()
‘ 9 7.8 za"
a i, ( . L] ‘ (




| b

- L] kg -
53 3" ) )
" The ocute toxicity (24—, 48—, 96-hr TL50 values) of zinc to several species of fish in water of -¥arious water qua]ities.
Exposure
. time Exposure Temperature * Concentration
Specles Size - Compound (hr), type (°c) {mg/1) pil Alkalinity Hardness. Reference
carp ‘ 2.5-3.0 (cm) Zinc 48 s 28-30 10-12 ZnS0y 7.0-7.2 46 - (18)
’ : . . sulfate . : '
 Goldfish _ o
{Carassius 1-2 g 2050y,  7Hz0 2 s 15 9.07 ZnS0y - 7H0 7.5 18 20 )
" auratus) . . : 48 6.44 ZnS0, *7Hy0
96 6.44 ZnSO, «7H,0
Guppy . _ )
(———::‘L’i:s;:[ o 01-0.2g  2050,°7H;0 2 ] 15 2,90 ZnSOy - 7ily0 7.5 18 20 )
S o 48 1.96 ZnS0y, +7Hs0
96 1,27 280, *7H,0
Southern S B .
platyfish 20.8 (cm) Zinc sulfate 24 s 23.2 23.0 Zn 6.2 166 {12)
{(Xiphophorus . 48 18.0 zn :
maculatus) 96 12.0 Zn

*

.
§ = Staticf

1
S s e el

FI = Flow-through.
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 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 orgénisn:; by
| poisoning during prolonged exposure, which, o

depending ¢n the organism tested and the test conditions
and purposes, may range from several days, to weeks,

months, or years.

Dose equivalent: The product of the absorbéd doée fr'ornr ioﬁi‘ziﬁg- "
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).
- EC50;

the test conditions in a specified time ‘in"fi-fi:y'perc:ent' 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 radicactivity due to alpha
particle emission as inferred from measurements on a dry

sample exclusive of the contribution, if any, due to radon and

“uranium,

498

The concentration at which a specified effect is observedﬂund'er‘



Gross beta particle activity: The total radioactivity due to beta particie

LC25:

LC:0:

LD50:

emission as inferred from measurements on a dry sample
exclusive of the contribution, if any, due to potzssium-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

specified time,

The concentration of a toxicant which is lethal (fatal) to
fifty percent of the organisms tested under the test conditions

in a specified time,

The dose of a toxicant that is lethal (fatal) to fifty percent

of the organisms tested under the test conditions in a

specified time. A dose is the quantity actually administered
to the organism and is not identical with a concentration,

which is the amount of toxicant in a unit of test medium

rather than the amount ing'estedby 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. 9483 quart.

Man-made beta particle and photon emitters: All radionuclides emitting

beta particles and/or photons listed in Maximum Permissible

Body -Burdens and Maﬁ:imum Permissible Concentrations of Radio-

nuclides in Air or Water for Occupational Exposure, NBS Handbook

69, except the daughter products of thorium~232, uranium-233, and

uranium-238,
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Microgram per liter (ug/l): The concentfation 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/1): The concentration at which one milligram (10'3g)

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
represgents the number of individuals most likely present in a given

sample or aligquot, 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 one 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., grams per 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 million,
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).

TL30: - 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 TLg.
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