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I0 INTERESTED PARTIES
Section 304 (a)(1) of the Clean Water Act (33 U.S.C.

1314(a) O requires the Environmental Protection Agency (EPA) to
publisn and periodically update ambient water qual ity criteria.
These criteria are to accurately reflect the latest scientific
knowledge (@) on the kind and extent of all identifiable effects
on health and welfare including, but not limited to, plankton,
fish shellfish, wildlife, plant life, shorelines, beaches,
aesthetics, and recreation which may be expected from the
presence of pollutants 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 (¢) on the effects of pollutants on biological
community diversity, productivity, and stability, including
infermation on the factors affecting rates of eutrophication and
organic and inorganic sedimentation for varying types of
receiving waters. These criteriaare not rules and they do not
have regulatory impact. Rather, these criteria present
scientific data and guidance of the environmental effects of
pollutants which can be useful to derive regulatory requirements
based on considerations of water quality impacts. When
additional data has become available, these summaries have been
updated to reflect the latest Agency recommendations on
acceptable limits for aqguatic life and human health protection.
Periodically EPA and i1ts predecessor agencies has issued
ambient water quality criteria, bsglnning In 1968 with the "Greesn
Book' followed by the 1973 publication of the "3lue Book' (Water
Quality Criteria 1972). 1In 1976, the "rRed Book'™ (Quality
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Criteria for Water) was published. On November 28, 1980 (45FR
79318), and February 15, 1984 (49 FR 5831), EPA announced through

Federal Register notices, the publication of 65 individual

ambient water quality criteria documents €or pollutants listed as
toxic under section 307(a)(1) of the Clean Water Act. on July
29, 1985 (60 FR 30784), EPA published additional water quality
criteria documents.

The development and publication of ambient water quality
criteria has been pursued over the past 10 years and is an
ongoing process. EPA expects to publish about 10 final criteria
documents each year. Some of these will update and revise
existing criteria recommendations and others will be issued for
the first time.

In a continuing effort to provide those who use EPA's water
quality and human health criteria with up-to-date criteria values

and associated information, this document guality Criteria £or

Water 1986 was assembled. This document includes summaries of
all the contaminants for which EPA has developed criteria recom-
mendations (Appendix A-C). The appropriate appendix 1is
identified at the end of each summary. A more detailed
description of these procedures can be found In the appropriate
Appendix. Copies of this document can be obtained by contacting
the US. Government Printing Office at:

US. Government Printing Office

Superintendent of Documents

N. Capitol and H Street N.W.

Washington, D.C. 20401
A fee 1s charged for this document.

Copies of the complete background ambient water quality

o



criteria documents containing all the data used to develop the
criteria recommendations summarized herein and the "rRzd Book!,
including complete bibliographies are available only from:
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Telephone: (703) 487-4650

The NTIS order numbers for the criteria documents can be found in
the Index. A fee is charged for copies of these documents.

As new criteria are developed and existing criteria revised,
updated criteria summaries will be made available once a year to
those who purchase this document through the U.3. Government
Printing office. You will automatically be placed on the mailing
list to receive annual updates. The cost for receiving annual

updates 1s iIncluded in the purchase price of the document.

et ity Criteria for Water, 1986 is designed to be easily

updated to reflect EPa's continuing work to present the latest
scientific information and practices, Our planned schedule €or
future criteria development In the next few years is attached for
your information.

The Agency 1S currently developing Acceptable Daily Intake
(ADD) or Verified Reference Dose (rRtDy values on a number of
chemicals for Agency-wide use. Based upon this new analysis the
values have changed significantly for 5 chemicals from those used
in the original human health criteria calculation done In 1980.

The chemicals affected are as follows:



chemical - 1980 WQC Draft RfD
1. cyanide 200 ug/L .02 mg/kg/day
2. Ethylbenzene 1.4 mg/L .01 ma/kg/day
3. Nitrobenzene 19.8 mg/L .0005 mg/kg/day
4. Phenol 3.5 mg/L 0.1 mg/kg/day
5. Toluene 14.3 mg/L 0.3 mg/kg/day

FOR FURTHER INFORMATION CONTACT:

Dr. Frank Gostomski at the above address or by phoning (202) 245~
3030.

It 1s Era's goal to continue to develop and make available
ambient water quality criteria reflecting the latest scientific
practices and information. In this way we can continue to
improve and protect the quality of the Nation®"s waters.

James M. Conlon

4

Acting Director, . .
Office of Water Requlations
and Standards




DRAFT CRITERIA COCUMENTS TO BE PROPOSED

LATE FY 8s/EarLY EY 87

Diethyhexylphthalate

1,2,4, Trichlorobenzene

Silver

Phenanthrene

2,4,5, Trichlorophenol
Organotins

Tridutyltin

Selenium (no saltwater criteria)
Hexachlorobenzene

Antimony III i i
Acrolein (no saltwater criteria)

IAFE P¥-37/EARLY 88

Thallium (no saltwater criteria) ) )
Tetrachloroethylene (no saltwater criteria)
Phenol

Toluene

Chloroform (no saltwater criteria)

‘Analine

Acrylontrile

Hexachlorocyclopentadisne (no saltwater criteria)
Dimethylphenol _ L
Hexachlorobutadiene (no saltwater criteria)

- Both lists will incorporate aquatic and human health values.

- All above are toxic pollutants except far organotins and
analine which are non-conventionals.
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Chlorinated Benzenes
Chlorinated Ethanes
Chlorinated Naphthalenes
Chlorine

Chlorinated Phenols
Chloroalkyl Ethers
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SUMMARY CHART

NTIS No.
Acenaphthene PB 81-117269
Acrolein PB 81-117277
Acrylonitrile PB 81-117285
Aesthetics FB—263943
Alkalinity PB—263943
Aldrin/Dieldrin PB 81-117301
Ammonia PB 85-227114
Antimony PB 81-117319
Arsenic PB 85-227445
Asbestos PB 81-117335
Bacteria PB 86-158-045 & PB-263943
Barium PB—-263943
Benzene PB 81-117293
Benzidine PB 81-117343
Beryllium PB 81-117350
Boron PB—263943
Cadmium PB 85-227031
Carbon Tetrachloride PB 81-117376
Chlordane PB 81-117384

PB 81-117392
PB 81-117400
PB 81-117426
PB 85-227429
PB 81-117434
PB 81-117418

Chloroform PB 81-117442
Chlorophenoxy Herbicides PB—263943

Chromium PB 85-227478
2—-Chlorophenol PB 81-117459
Color PB—263943

Copper PB 85-227023
Cyanide PB 85-227460
DDT and Metabolites PB 81-117491
Denmeton PB—263943

Dichlorobenzenes PB 81-117509
Dichlorobenzidine PB 81-117517

Dichloroethylenes

2,4, ~ Dichlorophenol
Dichloropropanes/Dichloropropenes
2,4, T Dimethylphenol

PB 81-117525
PB 81-117533
PB 81-117541
PB 81-117558

Dinitrotoluene PB 81-117566
Diphenylhydrazine PB 81-117731
Endosulfan PB 81-117574
Endrin PB 81-117582
Ethylbenzene PB 81-117590
Fluoranthene PB 81-117608
Gasses, Total Dissolved PB—263943

Guthion PB-263943



Haloethers

PB 81-117616

Halomethanes PB 81-117624
Hardness PB—-263943

Heptachlor PB 81-117632
Hexachlorobutadiene PB 81-117640

Hexachlorocyclohexane

Hexachlorocyclopentadiene

PB 81-117657
PB 81-117665

Iron PB—263943
Isophorone PB 81-117673
Lead PB 85-227437
Malathion PB-263943
Manganese PB-263943
Mercury PB 85-227452
Methoxychlor PB—263943
Mirex PB—-263943
Naphthalene PB 81-117707
Nickel ] PB 81-117715
Nitrates, Nitrites PB—-263943
Nitrobenzene PB 81-117723
Nitrophenols PB 81-117749
Nitrosamines PB 81-117756
Oil and Grease PB=263943
Oxygen, Dissolved PB 86-208253
Parathion PB—263943
Pentachlorophenol PB 81-117764
Ph PB-263943
Phenol PB 81-117772
Phosphorus PB—263943

Phthalate Esters

Polychlorinated Biphenyls
Polynuclear Aromatic Hydrocarbons

Selenium

PB 81-117780
PB 81-117798
PB 81-117806
PB 81-117814

Silver PB 81-117822
Solids (Dissolved) & Salinity PB—263943
Solids (Suspended) & Turbidity PB—263943
Sulfides, Hydrogen Sulfide PB—263943
Tainting Substances PB-263943
Temperature PB-263943
2,3,7,8-Tetrachlorodibenzo-p-dioxin EPA # 440/5-84-007
Tetrachloroethylene PB 81-117830
Thallium PB 81-117848
Toluene PB 81-117855
Toxaphene PB 81-117863
Trichloroethylene PB 81-117871
Vinyl Chloride PB 81-117889
Zinc PB 81-117897

APPENDIX A Methodology for Developing Criteria
APPENDIX B Methodology for Developing Criteria
APPENDIX C Methodology for Developing Criteria
BIBL1OGRAPHY
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ACENAPHTHENE

CRITERIA:
Aguatic Life

The available data for acenaphthene iIndicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 1,700 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of acenaphthene to
sensitive freshwater aquatic animals but toxicity to freshwater
algae occur at concentrations as low as 520 ug/L.

The available data for acenaphthene indicate that acute and
chronic toxicity to saltwater aquatic life occurs at
concentrations as low as 970 and 710 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested. Toxicity to algae occurs at

concentrations as low as 500 ug/L.

Human Health

Sufficient data are not available for acenaphthene to derive
a level which would protect against the potential toxicity of
this compound. Using available organoleptic data, to
control undesirable taste and odor quality of ambientwater
the estimated level is 0.02 mg/L. 1t should be recognized that
organoleptic data, have limitations as a basis for establishing
water quality criteria, and have no demonstrated relationship to
potential adverse human health effects.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



ACROLEIN

. CRITERIA:

Aguatic Life

The available data for acrolein iIndicate that acute and
chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 68 and 21 ug/L, respectively, and would
occur at lower concentrations among species that are more
sensitive than those tested.

The available data for acrolein indicate that acute toxicity
to saltwater aquatic life occurs at concentrations as low as 353
ug/L and would occur at lower concentrations among species that
are more sensitive than those tested. No data are available

concerning the chronic toxicity of acrolein to sensitive

saltwater aquatic life.

Human Health

For the protection of human health from the toxic properties
of acrolein ingested through contamina+2d aquatic organisms, the
ambient water criterion is determined o be 320 ug/L.

For the protection of human health from the toxic properties
of acrolein ingested through contaminated aquatic organisms
alone, the ambient water criterion is determined to be 780

ug/L.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



ACRYMNITRILE

CRITERIA:

Aquatic Life

The available,data for acrylonitrile Indicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 7,550 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No definitive
data are available concerning the chronic toxicity of
acrylonitrile to sensitive freshwater aquatic life but mortality
occurs at concentrations as low as 2,600 ug/L with a Fish species
exposed for 30 days.

Only one saltwater species has been tested with acrylonitrile

and no statement can be made concerning acute or chronic

toxicity.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects resulting from exposure to acrylonitrile
through ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero, based
on the nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, the
levels which may result in incremental iIncrease of cancer risk
over the lifetime are estimated at 1072, 107%, and 10-7,
The corresponding recommended criteria are 0.58 ug/L, 0.058
ug/L, and 0.006 ug/L, respectively. IT these estimates are made

for consumption of aquatic organisms only, excluding consumption



of water, the levels are 6.5 ug/L, 0.65 ug/L, and 0.065 ug/L, ‘

respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY




AESTHETIC QUALITIES

CRITERIA:

All waters free from substances attributable

to wastewater or other discharges that:

(1) settle to form objectionable deposits;

(2) Float as debris, scum, oil, or other
matter to form nuisances;

(3) produce objectionable color, odor, taste,

or turbidity;

(4) 1Injure oOr are toxic or produce adverse
physiological responses in humans,
animals or plants: and,

(5) produce undesirable or nuisance aquatic
life.

RATIONALE:

Aesthetic qualities of water address the general principles
laid down In common law. They embody the beauty and quality of
water and their concepts may vary within the minds of individuals
encountering the waterway. A rationale for these qualities
cannot be developed with quantifying definitions; however,

decisions concerning such quality factors can portray the best in
the public iInterest.



Aesthetic qualities provide the general rules to protect
water against environmental insults: they provide minimal freedom .
requirements from pollution; they are essential properties to

protect the Nation's waterways.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



ALKALINITY

CRITERION:

20 mg/L Or more as caco, freshwater aquatic life except where

natural concentrations are less.

INTRODUCTION:

Alkalinity i1s the sum total of components in the water that
tend to elevate the pH of the water above a value of about 4.5.
It 1s measured by titration with standardized acid to a pH value
of about 45 and i1t IS expressed commonly as milligrams per liter
of calcium carbonate. Alkalinity, therefore, is a measure of the
buffering capacity of the water, and since g has a direct effect
on organisms as well as an iIndirect effect on the toxicity of
certain other pollutants in the water, the buffering capacity is
important to water quality. Examples of commonly occurring
materials in natural waters that increase the alkalinity are

carbonates, bicarbonates, phosphates and hydroxides.

RATIONALE :

The alkalinity of water used for municipal water supplies is
important because i1t affects the amounts of chemicals that need
to be added to accomplish calculation, softening and control of
corrosion in distribution systems. The alkalinity of water
assists In the neutralization of excess acid produced during the
addition of such materials as aluminum sulfate during chemical
coagulation. Waters having sufficient alkalinity do not have to
be supplemented with artificially added materials to increase the

alkalinity. Alkalinity resulting from naturally occurring



materials such as carbonate and bicarbonate is not considered a .
health hazard in drinking water supplies, per se, and naturally
occurring maximum levels up to approximately 400 mg/L as calcium

carbonate are not considered a problem to human health (NAS,

1974) .

Alkalinity is important for fish and other aquatic life in
freshwater systems because it buffers pH changes that occur
-naturally as a result of photosynthetic activity of the
chlorophyll-bearing vegetation. Components of alkalinity such as
carbonate and biocarbonate will complex some toxic heavy metals
and reduce their toxicity markedly. For these reasons, the
National Technical Advisory Committee (NATC, 1968) recommended a

minimum alkalinity of 20 mg/L 'and the subsequent NAS Report

(1974) recommended that natural alkalinity not be reduced by more
than 25 percent but did not place an absolute minimal value for
It. The use of the 25 present reduction avoids the problem of
establishing standards on waters where natural alkalinity is at

or below 20 mg/L. For such waters, alkalinity should not be

further reduced.

The NAS Report recommends that adequate amounts of alkalinity
be maintained to buffer the pH within tolerable limits for marine
waters. It has been noted as a correlation that productive
waterfowl habitats are above 25 mg/L with higher alkalinities

resulting in better waterfowl habitats (NATC, 1968).




Excessive alkalinity can cause problems for swimmers by

altering the pH of the lacrimal fluid around the eye, causing

irritation.

For industrial water supplies, high alkalinity can be
damaging to industries involved iIn food production, especially
those in which acidity accounts for flavor and stability, such as
the carbonated beverages. In other instances, alkalinity 1is
desirable because water with a high alkalinity is much less

corrosive.

A brief summary of maximum alkalinities accepted as a source
of raw water by industry is included i1n 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 Insoil water. As an example,
when bicarbonate concentrations are high, calcium and magnesium
ions that are iIn solution precipitate as carbonates in the soil
water as the water becomes more concentrated through evaporation
and transpiration. As the calcium and magnesium 1ons decrease 1In
concentration, the percentage of sodium increases and results iIn
soil and plant damage. Alkalinity may also lead to chlorosis in
plants because 1t causes the 1ron to precipitate as a hydroxide

(NAS, 1974). Hydroxyl ions react with available iron in the soil



TABLE I* "I'

Maximum Alkalinity In Waters Used As A Source
Of Supply Prior To Treatment

Alkalinity

Industry mg/L_as Caco:i
Steam generation boiler makeup.......  ..... 350
Steam generation coOlINg s iaeessnnnnnnnnnns 500
Textile mill produCtS .cesssssessnnssnnnnns 50-200
Paper and allied produCtS..cssssssssnsnnnns 75-150
Chemical and Allied Prodcts.............. 500
Petroleum refining.ssssssssssssssssssnnnns " 500
Primary metals indstries................. 200
Food canning InNdUSErieS.........  cusssssnss 300
Bottled and canned séft arinks............ 85

*Nas, 1972




water and make the i1ron unavailable to .plants. Such deficiencies
induce chlorosis and further plant damage. Usually alkalinity

must exceed 6 mg/L before such effects are noticed, however.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



*ALDRIN-DIELDRIN

CRITERTA:
Agquatic Life
Dieldrin
For dieldrin the criterion to protect freshwater aquatic life
as derived using the Guidelines 1s 0.0019 ug/L as a 24-hour

average, and the concentration should not exceed 1.0 ug/L at any

time.

For dieldrin the criterion to protect saltwater aquatic life
as derived using the Guidelines i1s 0.0019 ug/L as a 24-hour

average, and the concentration should not exceed 0.71 ug/L at any

time.

Aldrin

For freshwater aquatic life the concentration of aldrin
should not exceed 4.0 ug/L at any time. No data are available
concerning the chronic toxicity of aldrin to sensitive
freshwater aquatic life.

For saltwater aquatic life the concentration of aldrin should
not exceed 1.3 ug/L at any time. No data are available
concerning the chronic toxicity of aldrin to sensitive saltwater
aquatic life.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to aldrin through ingestion of
contaminated water and contaminated aquatic organisms, the

*Indicates suspended, canceled or restricted by US. EPA Office

of Pesticides and Toxic Substances



ambient water concentration should be zero, based on the
nonthreshold assumption Tfor this chemical. However, zero
level may not be attainable at the present time. Therefore,
the levels which may result in iIncremental Increase of cancer
risk over the lifetime are estimated at 107>, 10~% and 1077
The corresponding recommended criteria are 0.74 ng/L, 0.074 ng/L,
and 0.0074 ng/L, respectively. IT these estimates are made for
consumption of aquatic organisms only, excluding consumption
of water, the levels are 0.79 ng/L, 0.079 ng/L, and 0.0079
ng/L, respectively.

FoP the maximum protection of human health from the potential
carcinogenic effects of exposure to dieldrin through ingestion of
contaminated water and Contaminated aquatic organisms, the
ambient water concentration should be zero, based on the
nonthreshold assumption for this chemical. However, zero level
may not be attainable at the present time. Therefore, the levels
which may result in incremental iIncrease of cancer risk over the
,lifetime are estimated at 10~2, 107% and 1077. The
corresponding recommended criteria are 0.71 ng/L, 0.071 ng/L, and
0.0071 ng/L, respectively. IT these above estimates are made for
consumption of aquatic organisms only, excluding consumption of

water, the levels are 0.76 ng/L, 0.076 ng/L, and 0.0076 ng/L,

respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



AMMONIA

SUMMARY -

All concentrations used herein are expressed as un-ionized
ammonia (NH;), because NH4, not the ammonium ion (NH4+) has been
demonstrated to be the principal toxic form of ammonia. The
data used i1n deriving criteria are predominantly from flow
through tests i1In which ammonia concentrations were measured.
Ammonia was reported to be acutely toxic to freshwater organisms
at concentrations (uncorrected €or pH) ranging from 0.53 to 22.8
mg/L NH4 for 19 invertebrate species representing 14 families and
16 genera and from 0.083 to 4.60 mg/L w4, €0r 29 fish species
from 9 families and 18 genera. prong fish species, reported 95-
hour LC50 ranged from 0.083 to 1.09 mg/L for salmonids and from
0.14 to 4.60 mg/L NH, for nonsalmonids. Reported data from
chronic tests on ammonia with two freshwater invertebrate
species, both daphnids, showed effects at concentrations
(uncorrected for pH) ranging from 0.304 to 1.2 mg/L NH,, and
with nine freshwater fish species, from five families and seven
genera, ranging from 0.0017 €0 0.612 mg/L NH,.

Concentrations of ammonia acutely toxic to fishes may cause
loss ot equilibrium, hyperexcitapility, iIncreased breathing,
cardiac output and oxygen uptake, and, In extreme cases,
convulsions, coma, and death. At lower concentrations ammonia
has many effects on fishes, including a reduction in hatching
success, reduction in growth rate and morphological development,

and pathologic changes iIn tissues of gills, livers, and kidneys.



Several factors have been shown to modify acute NH; toxicity
in fresh water. Some factors alter the concentration of un-
ionized ammonia in the water by affecting the aqueous ammonia
equilibrium, and some factors affect the toxicity of un-ionized
ammonia i1tself, either ameliorating or exacerbating the effects
of ammonia. Factors that have been shown to affect ammonia
toxicity include dissolved oxygen concentration, temperature,
pH, previous acclimation to ammonia, fluctuating or Intermittent
exposures, carbon dioxide concentration, salinity, and the
presence of other toxicants.

The most well-studied of these i1s pHd; the acute toxicity of
NH, has been shown to increase as pH decreases. Sufficient data
exist from toxicity tests conducted at different pd values to
formulate a mathematical expression to describe pH-dependent
acute NH, toxicity. The very limited amount ot data regarding
effects of pH on chronic wH, toxicity also indicates increasing
NH4 toxicity with decreasing pE, but the data are insufficient
to derive a broadly applicable toxicity/pH relationship. Data on
temperature effects on acute NH, toxicity are limited and
somewhat variable, but indications are that vd, toxicity to fish
IS greater as temperature decreases. There is no information
available regarding temperature effects on chronic ¥H, toxicity.

Examination of pH and temperature-corrected acute wH;
toxicity values among species and genera of freshwater organisms
showed that invertebrates are generally more tolerant than
fishes, a notable exception being the fingernail clam. There is

no clear trend among groups of fish; the several most sensitive

®



tested species and genera include representatives from diverse
families (Salmonidae, Cyprinidae, Percidae, and Centrarchidae).
Available chronic toxicity data for freshwater organisms also
indicate invertebrates (cladocerans, one insect species) to be
more tolerant than fishes, again with the exception of the
fingernail clam. When corrected for the presumed effects of
temperature and pH, there isalsonocleartrend among groups of
fish for chronic toxicity values, the most sensitive species
including representatives from five families (Salmonidae,
Cyprinidae, Ictaluridae, Centrarchidae, and Catostomidae) and
having chronic values ranging by not much more than a factor or
two. The range of acute-chronic ratios for 10 species from 6
families was 3 to 43, and acute-thronic ratios were higher for
the species having chronic tolerance below the median.
Available data indicate that differences in sensitivities between
warm and coldwater families of aquatic organisms are inadequate
to warrant discrimination in the national ammonia criterion
between bodies of water with "warm" and "coldwater" fishes;
rather, effects of organism sensitivities on the criterion are
most appropriately handled by site-specific criteria derivation
procedures.

Data for concentrations of NH, toxic to freshwater
phytoplankton and vascular plants, although limited, indicate
that freshwater plant species are appreciably more tolerantto
NH, than are invertebrates or fishes. The ammonia criterion
appropriate for the protection of aquatic animals will therefore

inall likelihood be sufficiently protective of plant life.



Available acute and chronic data for ammonia with saltwater
organisms are very limited, and insufficient to derive a
saltwater criterion. A few saltwater iInvertebrate species have
most sensitive. The few saltwater fishes tested suggest greater
sensitivity than freshwater fishes. Acute toxicity of w4,
appears to be greater at low pd values, similar to findings in
freshwater. Data for saltwater plant species are limited to
diatoms, which appear to be more sensitive than the saltwater
invertebrates for which data are available.

More quantitative information needs to be published on the
toxicity of ammonia to aquatic life. Several key research needs
must be addressed to provide a more complete assessment of
ammonia toxicity. These are: (1) acute tests with additional
saltwater fish species and saltwater invertebrate species: (2)
life-cycle and early life-stage tests with representative
freshwater and saltwater organisms from different Tamilies, with
particular attention to trends of acute-chronic ratios; ()
fluctuating and intermittent exposure tests with a variety of
species and exposure patterns: (4) more complete tests of the
individual and combined effects of pH and temperature, especially
for chronic toxicity: (5) more histopathological and
histochemical research with fishes, which would provide a rapid
means of i1dentifying and quantifying sublethal ammonia effects;
and (6) studies on effects of dissolved and suspended solids on

acute and chronic toxicity.

°



NATIONAL CRITERIA:

The procedures described Iin the Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses indicate that, except possibly
where a locally important species is very sensitive, freshwater
aquatic organisms and their uses should not be affected
unacceptably if:

(1) the 1-hour* average concentration of un-ionized ammonia
(in mg/L NH4) does not exceed, more often than once every 3 years
on the average, the numerical value given by 0.52/FT/FPH/2,
where:
FT = 10-0.03(20-TCAP); TCAP < T < 30
10-0.03(20-T); 0 < T < TCAP
FPH = 1 ; 8 < pH < 9

1+10-7.4-PH
1.25 : 6.5 < pH < 8

TCAP = 20 C: Salmonids or other sensitive
coldwater species present

= 25 C; Salmonids and other sensitive
coldwater species absent

(*An averaging period of 1 hour may not be appropriate if
excursions of concentrations to greater than 1.5 times the
average occur during the hour; in such cases, a shorter averaging

period may be needed.)

(2) the 4-day average concentration of un-ionized ammonia
(in mg/L NH;) does not exceed, more often than once every 3 years
on the average, the average* numerical value given by

0.80/FT/FPH/RATIO, where FT and FPH are as above and:



RATIO = 16 ;1 7.7 < pH %

24 10-7.7-ph
1+10=7,4pn 16.5< ph < 7.7

TCAP

15 C; Salmonids or other sensitive
coldwater species present

= 20 C: Salmonids and other sensitive
coldwater species absent

(*Because these formulas are nonlinear in pH and temperature, the
criterion should be the average of separate evaluations of the
formulas reflective of the fTluctuations of flow, pH, and
temperature within the averaging period; it is not appropriate in
general to simply apply the formula to average pH, temperature,
and flow.)

The extremes for temperature (0O, 30) and pH (6.5, 9) given iIn
the above formulas are absolute. It i1s not permissible with
current data to conduct any extrapolations beyond these limits.
In particular, there i1s reason to believe that appropriate
criteria at 5 > 9 will be lower than the plateau between p# 8
and 9 given above.

Criteria concentrations for the pH range 6.5 to 9.0 and the
temperature range 0 C to 30 C are provided in the following
tables. Total ammonia concentrations equivalent to each un-
1onized ammonia concentration are also provided iIn these tables.
There are limited data on the effect of temperature on chronic
toxicity. EPA will be conducting additional research on the
effects of temperature on ammonia toxicity in order to Till
perceived data gaps. Because of this uncertainty, additional

site-specific information should be developed before these



criteria are used in wasteload allocation modeling. For example,
the chronic criteria tabulated for sites lacking salmonids are
less certain at temperatures much below 20 C than those tabulated
at temperatures near 20 C. Where the treatment levels needed to
meet these criteria below 20 C may be substantial, use of site-
specific criteria is strongly suggested. Development of such
criteria should be based upon site-specific toxicity tests.

Data available for saltwater species are insufficient to
derive a criterion for saltwater.

The recommended exceedence frequency of 3 years is the
Agency®s best scientific judgment of the average amount of time
it will take an unstressed system to recover from a pollution
event In which exposure to ammonia exceeds the criterion. A
stressed system, for example, one In which several outfalls occur
in a limited area, would be expected to require more time for
recovery. The resilience of ecosystems and their ability to
recover differ greatly, however, and site-specific criteria may
be established if adequate justification is provided.

The use of criteria In designing waste treatment facilities
requires the selection of an appropriate wasteload allocation
model. Dynamic models are preferred for the application of these
criteria. Limited data or other factors may make theilr use
impractical, in which case one should rely on a steady-state
model. The Agency recommends the interim use of 1¢5 or 1qQlc for
Criterion Maximum Concentration design flow and 795 or 7¢lo for
the Criterion Continuous Concentration design flow In steady-

state models for unstressed and stressed systems respectively.



{1) One~hour average concentratrions for ammonla,*

TN
pH 0C 5¢C 10C 1s C 20¢ 25 C 0C
A Saimonids O Other Sensitive Coidwater Species Presesnt

tUn~jonized Ammonia (mg/1iter NH:)

6.54 0.0091 0.0129 0.0182 0.026 0,036 0,036 0.036
6.75 0.0149 0.02 1 0.030 0.042 0.059 0.059 0.0%9
7.00 0.023 0.033 0.046 0.066 0,093 0.093 0.093
735 0.034 0,048 0.068 0.095 0,139 0,135 0.135
750 0045 0084 0.091 0,128 0.181 0.181 a.181
778 0.056 0080 0,113 0.159 0.22 0.22 0.22
800 0.065 04092 0.130 0.134 0.26 026 0.26
835 0.065 0.092 0.130 0.184 0.26 0.26 0.26
854 0.065 0.092 0.130 0184 0426 0.26 0.26
815 0,065 0.092 0.130 0184 0.26 0.26 0.26
9.00 0.065 0.092 0.130 0.184 0.28 036 0.26

Total Ammania (mg/titer NHy)

6.50 35 33 31 30 29 20 14,3/
6,75 32 30 28 27 27 186 133
7.00 28 26 25 24 23 164 116
7.25 23 22 20 19.7 19,2 134 95
7.50 174 16 .3 155 14.9 14.6 10.1 7.3
7.75% 122 11.4 109 10,5 103 1290 52
8,00 8.0 78 71 6.9 648 4.8 3.5
8,25 448 4,2 41 4,0 39 2.8 21
8,%0 2.6 24 2.3 2.3 2.3 171 | .28
8,78 t.47 1,40 137 |.38 142 | .07 0.83
9,00 0.86 0.83 0.83 0.86 0.91 0.72 0.58

B, Saimonids and Other Sensltive Coldwater Species Absent

Uneionized Ammonia (mg/(iter NHy)

5,30 0.0091 0.0129 0.0182 0.026 0.036 0.051 0,051
6,75 0.0149 0.02 1 0.030 0.042 0.0%9 0.084 0.084
7.00 0.023 0.033 0.046 0.066 0.093 0.131 0.131
7,28 0.034 0.048 0,068 0.095 0.135 0,190 0.190
7.50 0.045 0.064 0.091 0.128 0.181 0.26 0.26
7,79 0.056 0.080 01 13 0.159 0.22 0.32 0.32
4,00 0.065 0.092 0.130 0.184 0.26 0437 037
8,23 0.08% 0.092 0.130 0.184 0,26 0,37 0.57
8,30 0.06% 0.092 0.130 0.184 0.26 0437 0.37
8,73 0.063 0.092 0.130 0,184 0.26 0.37 0.37
9.00 0.06s 0.092 0.130 0.184 036 0.37 0.37

Total Ammonia (mg/11ver NHx)

6430 35 33 31 30 29 29 20
6.75 32 30 28 27 27 26 18.6
7.00 28 26 25 24 23 23 164
7425 ri 22 20 19.7 19.2 19.0 1345+
750 - 174 16.3 15.3 149 14.56 14,5 10.3
7479 122 114 109 10.5 105 10.2 7.3,
8,00 840 75 71 6.9 6.8 6.8 4.
8.25 4.5 4.2 4.1 4.0 39 4.0 29
8.50 26 244 2.3 23 2.3 24 1.81
8.75 147 | .40 131 1.38 142 152 118
9.00 0.86 083 0.83 0.86 0.91 101 0.82

* To convert ‘these values to mg/Hiter N, multiply by 0,822,



(2) 4-day average concenfrations for ammonla.*

pH ocC 5c¢ 0C 15C 20 C iIsC 3oc
A Salmenlds or Other Sonsitive Coldwater Species Present
Un=lonized Ammonia {mg/l1ter NHy)
6.50 0.0007 0.0009 0.0013 0.0019 0.0019 0.0019 0.0019
6.75 0.0012 0.0017 0.0023 0.0033 0.0033 0.0033 0.0033
7.00 0.0021 0.0029 0.0042 0.0059 0.0059 0.0059 0.0059
7.25 0.0037 0.0052 0.0074 0.0105 0.0105 0.0105 0.0105
7.50 0.,0066 0.0093 0.0132 0.0186 00188 0.0186 0.0186
7.75 0.0109 0.01 53 0.022 003 1 0.031 0.031 0.031
8.00 0.0126 0.0177 0.025 0,035 0.035 0.035 0.035
8.25 0.0126 0.0177 0.025 0.035 0.035 0.035 0.035
8.50 0.0126 0.0177 0.025 0.035 0.035 0.035 0.035
8.75 0.0126 0.0177 0.025 0.035 0.035 0.035 0.035
9.00 0.0126 0.0171 0.025 0.035 0,035 0.035 0.035
Totral Ammoula (mg/iiter NHy)
6.50 2.5 24 2.2 2.2 1.49 1.04 0.73
6,79 25 24 242 2.2 1.49 | . O4 0.73
7.00 25 24 23 2.2 1-49 1.04 0.74
7.25 25 24~ 22 2.2 1.5Q 1.04 0.74
7.50 25 24 2.2 2.2 1,50 1.05: 0.74
7.75 23 22 21 20 140 0.99 0.71
8.00 1.53 144 137 1.33 0.93 o, 0.47
8.25 0.87 0.82 0.78 0.76 0.54 [ 0.28
8.50 0.49 0.47 0.45 0.44 0,32 0423 0.17
8.75 0.28 0.27 0.26 0.27 0.19 0.1% 0.11
9.00 0.16 0.16 0.16 0.16 0.13 0.10 0.08
8. Salmonids 'and Other Sensitlve Coldwater Species Absent!
Un=lonized Ammoala (mg/|iter NHy)
6.50 0.0007 0.0009 0.0013 0.0019 0.0026 0.0026 0.0026
6.75 0.0012 0.0017 0.0023 0.0033 0,0047 0.0047 0-0047
7 .00 0.0021 0.0029 0.0042 0.0059 0.0083 0,0083 0,0083
7.25 0.0037 0.0052 0.0074 0.0105 0.0148 00148 0.0148
7450 0,.0066 0.0093 0.0132 0.0186 0.026 0.026 0.026
7.75 Q.,0109 0,0153 0.022 0.031 0,043 0,043 0.043
8.00 0.0126 0.0177 0.025 0.035 0.050 0,050 0.050
8.25 0.0126 0.0177 0.025 0.035 0.050 0,050 0.050
8,50 0.0126 0.0177 0.025 0.035 0.050 ¢.050 0,050
8.75 0.0126 0.0177 0.025 0.035 0,050 0.0% 0.0%0
9. 0.0126 0.0177 0.025 0.035 0.0%0 9,030 0.050
T
otal Ammonia (mg/l1ter NHy) &a/"f
6.50 25 2.4 242 2.2 21 146 /ze 103 © 8S
6.75 25 244 242 23 21 147 42 104 2,85
7400 2.5 244 2.2 2.2 21 147 " 21 1,08 085
723 25 2.4 22 2.2 21 1.48 11272 1,08 0 2L
7.50 25 24 22 2.2 21 1,49 /122 1,08 087
7.75 23 2.2 2.1 20 198 1.39 /,/d 100 o.8Z
8.00 153 Lod4 1,37 1,33 i1 093 0.7 0.67 055"
8.25 0.87 082 0.78 0.76 0.76 0,54 0.40
8.50 0.49 0.47 0045 0.44 0.45 0033 035
8.75 0.28 037 0.26 0.27 3,27 0.21 016
9.00 0.16 0.16 0.16 0.16 017 0.14 011

* To convert tnese values 10 mg/liter N, muitiply by 0.822.

t Site=tpecitic criterla development s strongiy suggested at temperatures above 20 C
because of the |imited data availabie 1O generate the criterla recommandation, and
at temperatures bsiow 20 C because of tha limited data and becauss small changes in
the criteria may have slgnificant impsct on the level of trestment required In
meeting the recommended criteria,



The Agency acknowledges that the Criterion Continuous
Concentration stream flow averaging period used for steady-state
wasteload allocation modeling may be as long as 30 days in
situations involving pPoTWs designed to remove ammonia where
limited variability of effluent pollutant concentration and
resultant concentrations in receiving waters can be demonstrated.
In cases where low variability can be demonstrated, longer
averaging periods for the ammonia Criterion Continuous
Concentration (=.g9,, 30-day averaging periods) would be
acceptable because the magnitude and duration of exceedences
above the Criterion Continuous Concentration would be
sufficiently limited. These matters are discussed in more detail
in the Technical Support Document for Water Quality-Based Toxics
Control (U.S. EPA, 1333a),

(50 F.R. 30784, July 29, 1985)
SEE APPENDIX A FOR METHODOLOGY




ANT IMONY
CRITERIA:

Agquatic Life

The available data for antimony indicate that acute and
chronic toxicity to freshwater aquatic life occur at
concentrations as low as 9,000 and 1,600 ug/L, respectively, and
woulld occur at lower concentrations among species that are more
sensitive than those tested. Toxicity to algae occurs at
concentrations as low as 610 ug/L,

No saltwater organisms have been adequately tested with
antimony, and no statement can be made concerning acute or
chronic toxicity.

Human Health

For the protection of human health from the toxic properties
of antimony ingested through water and contaminated aquatic
organisms, the ambient water criterion is determined to be 146
ug/L.

For the protection of human health from the toxic
properties of antimony ingested through contaminated aquatic
organisms alone, the ambient water criterion Is determined to be

45 mg/L.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



ARSENIC
AQUATIC LIFE SUMMARY:

The chemistry of arsenic in water is complex and the form
present in solution is dependent on such environmental conditions
as Eh, pH, organic content, suspended solids, and sediment. The
relative toxicities of the various forms of arsenic apparently
vary from species to species. For Inorganic arssnic(IIIj} acute
values for 16 freshwater animal species ranged from 812 ug/L for
a cladoceran to 97,000 ug/L for a midge, but the three acutz-
chronic ratios only ranged from 4.660 to 4.862. The Five acute
values for 1norganic arssnic(v) covered about the same range, but
the single acute-chronic ratiowas 28.71. The six acute values
for MSMA ranged from 3,243 to 1,403,000 ug/L. The freshwater
residue data indicated that arsenic is not bioconcentrated to a
high degree but that lower forms of aquatic life may accumulate
higher arsenic residues than fish. The low bioconcentration
factor and short half-life of arsenic 1In fish tissue suggest that
residues should not be a problem to predators of aquatic life.

The available data indicate that freshwater plants differ a
great deal as to their sensitivity to arsenic(III}y and
arsenic(V),. In comparable tests, the alga, Selenastrum

capricornutum, was 45 times more sensitive to arsenic(v) than to

arsenic(IIIy, although other data present conflicting
information on the sensitivity of this alga to arsenic(v). Many
plant values for 1norganic arsenic(III) were in the same range as

the available chronic values for freshwater animals; several



plant values for arsenic(V) were lower than the one available
chronic value.

The other toxicological data revealed a wide range of
toxicity based on tests with a variety of freshwater species and
endpoints. Tests with early life stages appeared to be the most
sensitive Indicator of arsenic toxicity. Values obtained from
this type of test with Inorganic arsenic(III) were lower than
chronic values contained in Table 2. For example, an effect
concentration of 40 ug/L was obtained in a test on inorganic
arsenic(Illy with embryos and larvae of a toad.

Twelve species of saltwater animals have acute values for
Inorganic arssnic(IrIy from 232 to 16,030 ug/L and the single
acute-chronic ratio is 1.945. The only values available for
inorganic arsenic(v) are for two invertebrate and are between
2,000 and 3,000ug/L., Arsanic(III) and arsenic(V) are equally
toxic to various species of saltwater algae, but the
sensitivities of the species range from 19 ug/L to more than
1,000ug/L, In a test with an oyster, a BCF of 350 was obtained

for mnorganic arsenic(III),

NATIONAL CRITERIA:

The procedures described i1In the Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aguatic Organisms and Their Uses indicate that, except possibly
where a locally iImportant species iIs very sensitive, freshwater
aquatic organisms and their uses should not be affected
unacceptably 1If the 4-day average concentration of arssnic(III)

40es not exceed 190 ug/L more than once every 3 years on the




@

average and if the 1-hour average concentration does not exceed
360 ug/L more than once every 3 years on the average.

The procedures described in the Guidelines indicate that,
except possibly where a locally important species iIs very
sensitive, saltwater aguatic organisms and their uses should not
be affected unacceptably I1f the 4-day average concentration of
arsenic(III) does not exceed 36 ug/L more than once every 3 years
on the average and If the 1-hour average concentration does not
exceed 69 ug/L more than once every 3 years on the average. This
criterion might be too high wherever Skeletonema cosrarum Or

Thalassiosira aestivalis are ecologically important.

Not enough data are available to allow derivation of
numerical national water quality criteria for freshwater aquatic
life for Inorganic ars=nic(v¥) Or any organic arsenic compound.
Inorganic arssanic(v) 1Is acutely toxic to freshwater aquatic
animals at concentrations as low as 850 ug/L and an acute-chronic
ratio of 28 was obtained with the fathead minnow. arsenic(V)
affected freshwater aquatic plants at concentrations as low as 48
ug/L, Monosodium methanearsenace (MSMA) is acutely toxic to
aquatic animals at concentrations as low as 1,900 ug/L, but no
data are available concerning chronic toxicity to animals or
toxicity to plants.

Very few data are available concerning the toxicity of any
form of arsenic other than 1norganic arsenic(III} to saltwater
aquatic life. The available data do show that 1norganic
arsanic(v) 1s acutely toxic to saltwater animals at

concentrations as low as 2,319 ug/L and affected some saltwater



plants at 13 to 56 ug/L. No data are available concerning the
chronic toxicity of any form of arsenic other than inorganic
arsenlic(III) to saltwater aquatic life.

EPA believes that a measurement such as "acid-soluble" would
provide a more scientifically correct basis upon which to
establish criteria for metals. The criteria were developed on
this basis. However, atthistime, no EPA approved methods for
such a measurement are available to implement the criteria
through the regulatory programs of the Agency and the States.
The Agency is considering development and approval of methods for
a measurement such as acid-soluble. Until available, however,
EPA recommends applying the criteria using the total recoverable
method. This has two impacts: (d)certain species of some metals
cannot be analyzed directly because the total recoverable method
does not distinguish between individual oxidation states, and (2)
these criteria may be overly protective when based on the total
recoverable method.

The recommended exceedence frequency of 3 years 1Is the
Agency's best scientific judgment of the average amount of time
itwill take an unstressed system to recover from a pollution
event in which exposure to arsenic(III) exceeds the criterion. a
stressed system, for example, one in which several outfalls occur
in a limited area, would be expected to require more time for
recovery. The resilience of ecosystems and their ability to
recover differ greatly, however, and site-specific criteria may
be established if adequate justification i1s provided.

The use of criteria in designing waste treatment facilities

requires the selection of an appropriate wasteload ailocation



model. Dynamic models are preferred for the application of these
criteria. Limited data or other factors may make their use
impractical, In which case one should rely on a steady-state
model, The Agency recommends the interim use of 1935 or 1gle for
Criterion Maximum Concentration design flow and 7¢5 or 7¢l¢ for
the Criterion Continuous Concentration design flow In stsady-
state models for unstressed and stressed systems respectively.
These matters are discussed in more detail iIn the Technical
Support Document fox Water Quality-Based Toxics Control (U.s.

EPA, 1985).
HUMAN HEALTH CRITERIA:

For the maximum protection of human health from the potential
carcinogenic effects due to sxposurs of arsenic through ingestion
of contaminated water and contaminated aquatic organisms, the
ambient water concentration should be zero based on the non-
threshold assumption for this chemical. However, zero level may
not be attainable at the present time. Therefore, the levels
which may result in incremental iIncrease of cancer risk over the
lifetime are estimated at 107%, and 10~7. The corresponding
criteria are 22 ng/L, 2.2 ng/L, and .22 ng/L, respectively. If
the above estimates are made for consumption of aquatic
organisms only, excluding consumption of water, the levels are
175 ng/L, 17.5 ng/L, and 1.75 ng/L, respectively. Other
concentrations representing different risk levels may be
calculated by use of the Guidelines. The risk estimate range is
presented for iInformation purpoes and does not represent an

Agency judgment on an "acceptable" risk level.



45 F.R. 79318 Nov. 28,1980) (50 F.R. 30784, July 29, 1985)
SEE APPENDIX A FOR METHODOLOGY




ASBESTOS
CRITERIA:

Agquatic Life

No freshwater organisms have been tested with any asbestiform
mineral and no statement can be made concerning acute or chronic
toxicity

No saltwater organisms have been tested with any asbestiform
mineral and no statement can be made concerning acute or chronic
toxicity.

Human Health

For the maximun protection of human health from the
potential carcinogenic effects of exposure to asbestos through
ingestion of water and contaminated aquatic organisms, the
ambient water concentration should be zero. The estimated levels
which would result in increased lifetime cancer risks of 10~5,
1076, and 107 are 300,000 fipers/L, 30,000 fibsrs/L, and
3,000 fibers/L, respectively. Estimates Tfor consumption of
aquatic organisms only, excluding the consumption of water cannot

be made.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



BACTERIA
CRITERIA

Freshwater Bathing

Based on a statistically sufficient number of samples
(generally not less than 5 samples equally spaced over a 30-day
period), the geometric mean of the indicated bacterial densities
should not exceed one or the other of the following:(})

E. coli 126 per 100 ml; or
enterococci 33 per 100 ml;
no sample should exceed a one sided confidence limit (CL.)

calculated using the following as guidance:

designated bathing beach 75% C. L,
moderate use for bathing 82% . L,
light use for bathing 90% <. L,
infrequent use for bathing 95% C. L,

based on a site-specific log standard deviation, or if site data
are insufficient to establish a log standard deviation, then
using 0.4 as the log standard deviation for both indicators.

Marine Water Bathing

Based on a statistically sufficient number of samples
(generally not less than 5 samples equally spaced over a 30-day
period), the geometric mean of the enterococci densities should
not exceed 35 per 100 ml; no sample should exceed a one sided

confidence limit using the following as guidance:

designated bathing beach 75% C. L.
moderate use for bathing 82% C.L.
light use for bathing 90% ¢, L.

infrequent use for bathing 95% <. L.



based on a site-specific log standard deviation, or if site data
are insufficient to establish a log standard deviation, then

using 07 as the log standard deviation.

Note (1) - Only one indicator should be used. The Regulatory
agency should select the appropriate indicator for 1ts
conditions.

Shellfish Harvesting Waters

The median fecal coliform bacterial concentration should not
exceed 14 MPN per 100 ml with not more than 10 percent of samples
exceeding 43 ¥Pi per 100 m1l Forthetakingof shellfish.
RATIONALE
Bathing Waters

A recreational water quality criterion can be defined as a
lgquantifiable relationship between the density of an indicator In
the water and the potential human health risks involved iIn the
water®s recreational use." From such a definition, a criterion
can be adopted which establishes upper limits for densities of
indicator bacteria in waters that are associated with acceptable
health risks for swimmers.

The Environmental Protection Agency, In 1972, iInitiated a
series of studies at marine and fresh water bathing beaches which
were designed to determine 1T swimming In sewage-contaminated
marine and fresh water carries a health risk for bathers; and, if
so, to what type of illness. Additionally, the Agency wanted to
determine which bacterial i1ndicator i1s best correlated to
swimming-associated health effects and if the relationship iIs

strong enough to provide a criterion. (1)



The guantitative relationships between the rates of swinming-
associated health effects and bacterial iIndicator densities were
determined using regression analysis. Linear relationships were
estimated from data grouped on the basis of summers or trials
with similar indicator densities. The data for each summer were
analyzed by pairing the geometric mean indicator density for a
summer bathing season at each beach with the corresponding
swimming-associated gastrointestinal illness rate for the same
summer. The swimming-associated 1llness rate was determined by
subtracting the gastrointestinal i1llness rate in nonswimmers from
that for swimmers. lhese two variables from multiple beach sites
were used to calculate a regression coefficient, y-intercept and
95% confidence intervals for the paired data. [In the marine
studies the total number of points for use In regression analysis
was increased by collecting trial days with similar indicator
densities from each study location and placing them into groups.
The swimming-associated 1llness rate was determined as before, by
subtracting the nonswimmer illness rate of all the individuals
included in the grouped trial days from the swimmer illness rate
during these safe grouped trial days. The grouping by trial days
with similar indicator densities approach was not possible with
the freshwater data because the variation of bacterial indicator
densities in freshwater samples was not large enough to allow
such an adjustment to be made. For the saltwater studies the
results of the regression analyses of i1llness rates against
indicator density data was very similar using the "by summerz! or

by grouped trial days' approaches.



The methods used to enumerate the bacterial indicator
densities which showed the best relationship to swimming-
associated gastroenteritis rates were specifically developed €or
the recreational water quality studies.’

These membrane filter methods have successfully undergone
precision and bias testing by the EPA Environmental Monitoring
and Support Laboratory. (2)

Several monitoring situations to assess bacterial quality are
encountered by regulatory agencies. The situation needing the
most rigorous monitoring is the designated swimming beach. Such
areas are frequently lifeguard protected, provide parking and
other public access and are heavily used by the public. Public
beaches of this type were used by EPA in developing the
relationship described in this document.

Other recreational activities may involve bodies of water
which are regulated by individual State water quality standards.
These recreational resources may be natural wading ponds used by
children or waters where incidential full body contact occurs
because of water skiing or other similar activities.

EPA's evaluation of the bacteriological data indicated that
using the fecal coliform indicator group at the maximum geometric

mean of 200 per 100 ml, recommended in Qualtty Criteria for Water

would cause an estimated 8 illness per 1,000 swimmers at fresh
water beaches and 19 illness per 1,000 swimmers at marine
beaches. These relationships are only approximate and are based
on applying ratios of the geometric means of the various

indicators from the EPA studies to the 200 per 100 m| fecal

-



soliform criterion. However, these are epPia's best estimates of
the accepted illness rates for areas which apply the EPA fecal
coliferm criterion.

The E. colil and enterococci criteria presented in Table 1
were developed using these currently accepted illness rates. The
equations developed by pufour(3) and cabe11i(4) were used to
calculate the geometric mean indicator densities corresponding to
the accepted gastrointestinal illness rates. These densities are
for steady state dry weather conditions. The beach 1s iIn noncom-
pliance with the criteria if the geometric mean of several
bacterial density samples exceeds the value listed in Table 1

Noncompliance is also signaled by an unacceptably high value
for any single bacterial sample. The maximum acceptable
bacterial density for a single sample i1s set higher than that for
the geometric mean, in order to avoid necessary beach closings
based on single samples. In deciding whether a beach should be
left open, 1t is the long term geometric mean bacterial density
that is of iInterest. Because of day-to-day fluctuations around
this mean, a decision based on a single sample (or even several
samples) may be erroneous, i.z., the sample may exceed the
recommended mean criteria even though the long-term geometric
mean 1S protective, or may fall below the maximum even if this
mean is 1IN the nonprotective range.

To set the single sample maximum, It IS necessary to specify
the desired chance that the beach will be left open when the
protection is adequate. This chance, or confidence level, was
based on Agency judgment. For the simple decision rule

considered here, a smaller confidence level corresponds to a more



stringent (i.e. lower) single sample maximum. Conversely, a
greater confidence level corresponds to less stringent (i.=,
higher) maximum values. This technique reduces the chances of
single samples i1nappropriately indicating violations of the
recommended criteria.

By using a control chart analogy (3) and the actual log
standard deviations from the EPA studies, single sample maximum
densities for various confidence levels were calculated. EPA
then assigned qualitative use intensities to those confidence
levels. A low confidence level (75%) was assigned to designated
beach areas because a high degree of caution should be used to
evaluate water quality for heavily used areas. Less intensively
used areas would allow less restrictive single sample limits.
Thus, 95% confidence might be appropriate for swimmable water iIn
remote areas. Table 1 summarizes the results of these
calculations. These single sample maximum levels should be
recalculated for iIndividual areas I1f significant differences in
log standard deviations occur.

The levels displayed in Table 1 depend not only on the
assumed standard deviation of log densities, but also on the
chosen level of acceptable risk. While this level was based on
the historically accepted risk, it is still arbitrary insofar as
the historical risk was 1tself arbitrary.

Currently EPA 1s not recommending a change in the stringency
of its bacterial criteria for recreational waters. Such a change
does not appear warranted until more Information based on greater

experience with the new indicators can be accrued. EPA and the



State Agencies can then evaluate the impacts of change in terms

of beach closures and other restricted uses.

Shellfish Harvesting \Waters

The microbiological criterion for shellfish water quality has
been accepted by international agreement to be 70 total coliforms
per 200 ml, using a median MPN, with no more than 10 percent of
the values exceeding 230 total coliforms. No evidence of disease
outbreak from consumption of raw shellfish which were grown in
waters meeting this bacteriological criterion has been
demonstrated. This standard has proven to be a practical limit
when supported by sanitary surveys of the growing waters,
acceptable quality in shellfish meats, and good epidemiological
evidence. However, evidence from field investigations suggests
that not all total coliform occurrences can be associated with
fecal pollution. Thus, attention has been directed toward the
adoption of the fecal coliform test to measure more accurately
the occurrence and magnitude of fecal pollution in shellfigh-
growing waters.

A series of studies was initiated by the National Shellfish
Sanitation Program and data relating the occurrence of total
coliforms to numbers of fecal coliforms were compiled. The data
showthata 70 coliform MPN per 100 ml at the 50th percentile was
equivalent to a fecal coliform MPN of 14 per 140 ml. The data,
therefore, indicate that a median value for a fecal coliform
standard 1S 15 and the 90th percentile shouldnot exceed 43 for a
5-tube, 3-dilution method.

EPA is currently (1986) co-sponsoring, with the National



Oceanic and Atmospheric Administration, research into the
application of the enterococci and E. coli indicators for
assessing the quality of shellfish harvesting waters. The Food
and Drug Administration is also reviewing the results of these
studies. A change to the new iIndicators may be forthcoming if
the studies show a correlation between gastrointestinal disease
and tie consumption of raw shellfish from waters with defined
densities of the new indicators. However, these studies have not
sufficiently progressed to justify any change at this time.
Thus, evaluation of the microbiological suitability of waters for

recreational taking of shellfish should be based upon the fecal

soliform bacterial levels. (6)



CRITERIA FOR INDICATCR FOR BACTERIOLOGICAL TEMNSITIES
Single sanple Maximum Allowable Dengity {4), (5)

Acceptable Swimming  Steady State Designated Mederate Full Lightly Used Infrequently Used
Asscciated Gstro- Geae tr le Mean Beach Area Bady contact Full m vy Full m y Contact
enteritis Rate per Indicator (upper 75%CL) Recreation Contact Recreation
1000 swirmers Density (upper 82%cC.L.) Recreation (upper 95%¢C.L.)
{upper 90%C. L )
Freshwatsr
enterococci 8 33(1) 61 89 108 151
£ coh 8 126(2) 235 298 406 576
Marine Water
enterococci 19 35(3) 104 124 276 500
Notes:

(1) Calculated to nearest whole nunber using equation:
(mean enterococei density) = antilagyg _illness rate/1000 people + 6.28
9.40

(2) Calculated to nearest whole number using equation:
(mean E. coli density) = antilagjp _illness rate/1000 pecple + 11.74
9.40

(3) Calculated to nearest whole nunber using equation:
(mean enterococci density) = antilayyjg illness rate/1000 people =~ 0.20
12.17

(4) Sirgle sample limit=antilogjqg (Log)g indicator geametric + Factor determined fram x (logyg stard.
mean density/100 ml) areas under the tbmal deviation)
propability curve for
tre assumed level of

probability

Tre appropriate factors for the indicated one sided confidence levels are:
75%C.L. = .675
8% CL. = ,935
90%cC.L. — 1.28
95%C.L. = 1.65

(5) Based on the observed laz standard deviations during the EPA studies: 04 for freshwater E coli

ard enterccocci; and 0.7 for marine water enterococci. Each ?‘grisdiition shou]:d istablish—itmn
deviation for its conditions which would then vary tre single sample Limlig,
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BARTIUM

CRITERION:

1 mg/L for domestic water supply (health).

INTRODUCTION:

Barium is a yellowish-white metal of the alkaline earth
group. 1t occurs in nature chiefly as barite, Baso, and
witherite, BaCO,5, both of which are highly insoluble salts. The
metal is stable in dry air, but readily oxidized by humid air or
water.

Many of the salts of barium are soluble in both water and
acid, and soluble barium salts are reported to be poisonous
(Lange, 1965: NAS, 1974). HoweYer, barium ions generally are
thought to be rapidly precipitated or removed from solution by
absorption and sedimentation (McKee and Wolf, 1963 NAS, 1974).

While barium is a malleable, ductile metal, its major
commercial value is in its compounds. Barium compounds are used
Iin a variety of industrial applications including the
metallurgic, paint, glass and electronics industries, as well as

for medicinal purposes.

RATIONALE:

Concentrations of barium drinking water supplies generally
range from less than 0.6 ug/L to approximately 10 ug/L with upper
limits in a few midwestern and western States ranging from 100 to
3,000 ug/L (PHS, 1%62/1963; Katz, 1970; Little, 1971). Barium
enters the body primarily through air and water, since

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



The fatal dose of barium for man is reported to be 550 to 600
mg. Ingestion of soluble barium compounds may also result In
effects on the gastrointestinal tract, causing vomiting and
diarrhea, and on the central nervous system, causing violent
tonic and clenic spasms followed in some cases by paralysis
(Browning, 1961; Patty, 1962, cited in Preliminary Air Pollution
Survey of Barium and lts Compounds, 1969). Barium salts are
considered to be muscle stimulants, especially for the heart
muscle (Sollman, 1957). By constrictingblood vessels, barium
may cause an increase In blood pressure. On the other hand, it
iIs not likely that barium accumulates in the bone, muscle, kidney
or other tissues because i1t is readily excreted (Browning, 1961;
Mcoxee and Wolf, 1963).

Stokinger and #Woodward (1958) developed a safe concentration
for barium in drinking water based on the limiting values for
industrial atmospheres, an estimate of the amount absorbed iInto
the blood stream, and daily consumption of 2 liters of water.
From other factors they arrived at a limiting concentration of 2
mg/L For a healthy adult human population, to which a safety
factor was applied to allow for any possible accumulation in the
body. Since barium is not removed by conventional water
treatment processes and because of the toxic effect on the heart

and blood vessels, a limitof 1 mg/L 1S recommended for barium In

domestic water supplies.

Experimental data i1ndicate that the soluble barium
concentration in fresh and marine water generally would have to
exceed 50 mg/L before toxicity to aquatic life would be expected.

In most natural waters, there is sufficient sulfate or carbonate



to precipitate the barium present in the water as a virtually
insoluble, non-toxic compound, Recognizing that the physical and
chemical properties of barium generally will preclude the
existence of the toxic soluble form under usual marine and fresh

water conditions, a restrictive criterion for aquatic life

appears unwarranted.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



BENZENRE

CRITERIA:

Agquatic Life

The available data for benzene indicate that acute toxicity
to freshwater aquatic life occurs at concentrations as low as
5,300 ug/L and would occur at lower concentrations among species
that are more sensitive than those tested. No data are available
concerning the chronic toxicity of benzene to sensitive
freshwater aquatic life.

The available data for benzene indicate that acute toxicity
to saltwater aquatic life occurs at concentrations as low as
5,100 ug/L and would occur at lower concentrations among species
that are more sensitive than those tested. No definitive data
are available concerning the chronic toxicity of benzene to
sensitive saltwater aquatic life, but adverse effects occur at
concentrations as low as 700 ug/L with a Fish species exposed for
168 days.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to benzene through ingestion of
contaminated water and contaminated aquatic organisms, the
ambient water concentrations should be zero, based on the non
threshold assumption for this chemical. However, zero level may
not be attainable at the present time. Therefore, the levels
which may result in incremental iIncrease of cancer risk over the
lifetime are estimated at 1075, 1079, and 1077. The

corresponding recommended criteria are 6.6 ug/L, 0.66 ug/L, and



0.066 ug/L, respectively. IT these estimates are made for .

consumption of aquatic organisms only, excluding consumption of:|
water, the levels are 400 ug/L, 40.0 ug/L, and 4.0 ug/L,

respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY




BENZIDINE
CRITERIA:

Agquatic Life

The available data for penzidins indicate that acute toxicity
to freshwater aquatic life occurs at concentrations as low as
2,500 ug/L and would occur at lower concentrations among species
that are more sensitive than those tested No data are available
concerning the chronic toxicity of benzidine to sensitive
freshwater aquatic life.

No saltwater organisms have been tested with benzidine and no

statement can be made concerning acute and chronic toxicity.

Human Health

For the maximum protection of human health from the
potential carcinogenic effects of exposure to benzidine
through 1ngestion of contaminated water and contaminated
aquatic organisms, the ambient water concentrations should be
zero, based on the nonthreshold assumption for this chemical.
However, zero level may not be attainable at the present time.
Therefore, the levels which may result iIn Incremental Increase
of cancer risk over the lifetime are estimated at 1073,
108, and 10~7. The corresponding recommended criteria are
12 ng/L, 0.12 ng/L, and 0.01 ng/L, respectively. ITf these
estimates are made for consumption of aquatic organisms only,
excluding consumption of water, the levels are 5.3 ng/L, 0.53
ng/L, and 0.05 ng/L, respectively.

(45 F.R. 79318, November 28. 1980)
SEE APPENDIX B FOR METHODOLOGY



BERYLLIUM

CRITERIA:
Aquatic Life

The available data for beryllium indicate that acute and
chronic toxicity to freshwater aquatic life occur at
concentrations as low as 130 and 5.3 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested. Hardness has a substantial effect
on acute toxicity.

The limited saltwater data base available for beryllium does

not permit any statement concerning acute or chronic toxicity.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to beryllium through ingestion
of contaminated water and contaminated aquatic organisms, the
ambient water concentration should be zero, based on the non
threshold assumption for this chemical. However, zero level may
not be attainable at the present time. Therefore, the levels
which may result in incremental iIncrease of cancer risk over the
lifetime are estimated at 1072, 107%, and 10~7. The
corresponding recommended criteria are 37 ng/L, 3.7 ng/L, and

0.37 ng/L, respectively. |If these estimates are made for



consumption of aquatic organisms only, excluding consumption of .
water, the levels are 641 ng/L, 64.1 ng/L, and 6.41 ng/L,

respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



BORON

CRITERION:

750 mg/L 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 Tfinishing 1i1ndustries, cosmetics, photographic
materials, metallurgy and for high energy rocket fuels.
Elemental boron also can be used in nuclear reactors for neutron

absorption. Borates are used as "burnable" pPOISONS.

RATIONALE :

Boron is an essential element for growth of plants but there
IS no evidence that i1t i1s required by animals, The maximum
concentration found in 1,546 samples of river and lake waters
from various parts of the United States was 5.0 mg/L; the mean
value was 01 mg/L (Kopp and Kroner, 1967). Ground waters could
contain substantially higher concentrations at certain places.
The concentration in seawater 1iIs reported as 45 mg/L In the form
of borate (NAS, 1974). Naturally occurring concentrations of
boron should have no effects on aquatic life.

The minimum lethal dose for minnows exposed to boric acid at
20 ®c for 6 hours was reported to be 18,000 to 19,000 mg/L in
distilled water and 19,000 to 19,500 mg/L in hard water (Le Clerc
and Devlaminck, 1955: Le Clerc, 1960).




In the dairy cow, 16 to 20 g/day of boric acid for 40 days
produced no ill effects (McKee and Wolf, 1963).

Sensitive crops have shown toxic effects at 1000 ug/L or
less of boron (Richards, 1954). Bradford (1%66), in a review of
boron deficiencies and toxicities, stated that when the boron
concentration in irrigation waters was greater than 0.75 ug/L,
some sensitive plants such as citrus began to show injury.
Biggar and Fireman (1960) showed that with neutral and alkaline
soils of high absorption capacities, water containing 2 ug/L
boron might be used for some time without injury to sensitive
plants. The criterion of 750 ug/L 1s thought to protect

sensitive crops during long-term irrigation.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



CADMIUM
AQUATIC LIFE SUMMARY:

Freshwater acute values for cadmium are available for species
In 44 genera and range from 1.0 ug/L for rainbow trout to 28,000
ug/L for a mayfly. The antagonistic effect of hardness on acute
toxicity has been demonstrated with five species. Chronic tests
have been conducted on cadmium with 12 freshwater fish species
and 4 invertebrate species with chronic values ranging from 0.15
ug/L For Daphnia magna to 156 ug/L Tor the Atlantic salmon.
Acute-chronic ratios are available for eight species and range
from 0.9021 for the chinook salmon to 433.8 for the flagfish,

Freshwater aquatic plants are affected by cadmium at
concentrations ranging from 2 to 7,400 ug/L. These values are in
the same range as the acute toxicity values for fish and
invertebrate species, and are considerably above the chronic
values. Bioconcentration factors (3crFs) For cadmium in fresh
water range from 164 to 4,190 for invertebrates and from 3 to
2,213 for fishes.

Saltwater acute values for cadmium and five species of fishes
range from 577 ug/L for larval Atlantic silverside to 114,000
wg/L For juvenile mummichog. Acute values for 30 species of
invertebrates range from 15.5 ug/L for a mysid to 135,000 ug/L
for an oligochaete worm. The acute toxicity of cadmium
generally 1iIncreases as salinity decreases. The effect of
temperature seems to be species-specific, Two life-cycle tests

with ¥ysidopsis bahia under different test conditions resulted iIn

similar chronic values of 8.2 and 7.1 ug/L, but the acute-chronic

ratios were 19 and 15, respectively. The acute values appear to



reflect effects of salinity and temperature, whereas the few
available chronic values apparently do not. A life-cycle test

with Mysidopsis bigelowi also resulted In a chronic value of 7.1

ug/L and an acute-chronic ratio of 15. Studies with microalgae
and macroalgae revealed effects at 2.8 to 860 ug/L.

BCFs determined with a variety of saltwater invertebrates
ranged from 5 to 3,160. BCFs for bivalve molluscs were above
1,000 in long exposures, with no indication that steady-state
had been reached. Cadmium mortality s cumulative for exposure
periods beyond 4 days. Chronic cadmium exposure resulted In

significant effects on the growth of bay scallops at 78 ug/L and

on reproduction of a copepod at 44 ug/L.

NATIONAL CRITERIA: /

The procedures described in the Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses indicate that, except possibly
where a locally important species 1s very sensitive, freshwater
aquatic organisms and their uses should not be affected
unacceptably i1f the 4-day average concentration (in ug/L) of
cadmium does not exceed the numerical value given by
e{0.7852 [1n(hardness) ]-3.490) more than once every 3 years on the
average and 1f the one-hour average concentration (in ug/L) does
not exceed the numerical value given by o(1.128(1n(hardness)]-
3.828) more than once every 3 years on the average. For
example, at hardnesses of 50, 100, and 200 mg/L as caco? the 4-
day average concentrations of cadmium are 0.66, 1.1, and 2.0

ug/L, respectively, and the 1-hour average concentrations are




1.8, 39 and 8.6 ug/L. |If brook trout, brown trout, and striped
bass are as sensitive as some data indicate, they might not be
protected by this criterion.

The procedures described in the Guidelines indicate that,
except possibly where a locally important species is very
sensitive, saltwater aquatic organisms and their uses should not
be affected unacceptably if the 4-day average concentration of
cadmium does not exceed 9.3 ug/L more than once every 3 years on
the average and if the 1-hour average concentration does not
exceed 43 ug/L more than once every 3 years on the average. The
little information that is available concerning the sensitivity
of the American lobster to cadmium indicates that this important
species might not be protected by this criterion. In addition,
data suggest that the acute toxicity of cadmium is salinity
dependent: therefore, the 1-hour average concentration might be
underprotective at low salinities and overprotective at high
salinities.

EPA believes that a measurement such as "acid-soluble" would
provide a more scientifically correct basis upon which to
establish criteria for metals. The criteriawere developed on
this basis. However, at this time, no EPA-approved methods for
such a measurement are available to implement the criteria
through the regulatory programs of the Agency and the States.
The Agency is considering development and approval of methods for
a measurement such as acid-soluble. Until available, however,
EPA recommends applying the criteria using the total recoverable

method. This has two impacts: (d)certain species of some metals



cannot be analyzed directly because the total recoverable method
does not distinguish between individual oxidation states, and (@)
these criteria may be overly protective when based on the total
recoverable method.

The recommended exceedence frequency of 3 years 1is the
Agency®s best scientific judgment of the average amount of time
it will take an unstressed system to recover from a pollution
event In which exposure to cadmium exceeds the criterion. A
stressed system, for example, one in which several outfalls occur
in a limited area, would be expected to require more time for
recovery. The resilience of ecosystems and their ability to
recover differ greatly, however, and site-specific criteria may
be established if adequate justification is provided.

The use of criteria iIn desidning waste treatment facilities
requires the selection of an appropriate wasteload allocation
model. Dynamic models are preferred for the application of these
criteria. Limited data or other factors may make their use
impractical, in which case one should rely on a steady-state
model. The Agency recommends the interim use of 195 or 1Qlo for
Criterion Maximum Concentration design flow and 7¢5 or 7Qlo for
the Criterion Continuous Concentration design flow in st=ady-
state models for unstressed and stressed systems, respectively.
These matters are discussed In more detail in the Technical

Support Document for Water Quality-Based Toxics Control (U.S.
EPA, 1985).
HUMAN HEALTH CRITERIA:

The ambient water quality criterion for cadmium is

recommended to be i1dentical to the existing drinking water



standard which is 10 ug/L. Analysis of the toxic effects data
resulted in a calculated level which is protective of human
health against the ingestion of contaminated water and
contaminated aquatic organisms. The calculated value 1is
comparable to the present standard. For this reason a selective
criterion based on exposure solely from consumption of 6.5 grams

of aquatic organisms was not derived.

(45 F.R. 79318 Nov. 28,1980) (50 F.R. 30784, July 29, 1985)
SEE APPENDIX A FOR METHODOLOGY



CARBON TETRACHLORIDE

CRITERIA:
Aguatic Life

The available data for carbon tetrachloride indicate that
acute toxicity to freshwater aquatic life occurs at
concentrations as low as 35,200 ug/L and would occur at lower
concentrations among species that are more sensitive than those
tested. No data are available concerning the chronic toxicity
of carbon tetrachloride to sensitive freshwater aquatic life.

The available data for carbon tetrachloride indicate that
acute toxicity to saltwater aquatic life occurs at concentrations
as low as 50,000 ug/L and would occur at lower concentrations
among species that are more sensitive than those tested. No data
are available concerning the chronic toxicity of

carbontetrachloride to sensitive saltwater aquatic life.

Human Health

For the maximum protection of human health from the
potential carcinogenic effects of exposure to carbon
tetrachloride through ingestion of contaminated water and
contaminated aquatic organisms, the ambient water
concentrations should be zero, based on the nonthreshold
assumption for this chemical. However, zero level may not be
attainable at the present time. Therefore, the levels which may
result in iIncremental iIncrease of cancer risk over the
lifetime are estimated at 10™°, 107%, and 10-7. The
corresponding recommended criteria are 4.0 uy/L, 0.40ug/L, and

0.4 ug/L, respectively. IT these estimates are made for



consumption of aquatic organisms only, excluding consumption of
water, the levels are 69.4 ug/L, 6.94 ug/L, and 0.69 ug/L

respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



CHLORDANE
CRITERIA:

Aquatic Life

For chlordane the criterion to protect freshwat r aqu tic life
as derived using the Guidelines is 0.0043 ug/L as a 24-hour

average, and the concentration should not exceed 24 ug/L at any

time.
For chlordane the criterion to protect saltwater aquatic life
as derived using the Guidelines IS 0.0040 ug/L as a 24-hour

average, and the concentration should not exceed 0.® ug/L at any

time.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to chlordane through ingestion
of contaminated water and contaminated aquatic organisms, the
ambient water concentration should be zero based on the
nonthreshold assumption for this chemical. However, zero level
may not be attainable at the present time. Therefore, the levels
which may result in Incremental increase of cancer risk over
the lifetime are estimated at 107%, 107%, and 10~7. The
corresponding recommended criteria are 4.6 ng/L, 0.46 ng/L, and
0.046 ng/L, respectively. IT these estimates are made for
consumption of aquatic organisms only, excluding consumption of
water, the levels are 48 ng/L, 0.48 ng/L, and 0.048 ng/L,
respectively.

45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



CHLORINATED BENZENES

CRITERIA: i i
Agquatic Life

The available data for chlorinated benzenes indicate that
acute toxicity to freshwater aquatic life occurs at
concentrations as low as 250 ug/L and would occur at lower
concentrations among species that are more sensitive than those
tested. No data are available concerning the chronic toxicity of
the more toxic of the chlorinated benzenes to sensitive
freshwater aquatic life, but toxicity occurs at concentrations as
low as 50 ug/L for a Fish species exposed for 7.5 days.

The available data fTor chlorinated benzenes indicate
that acute and chronic toxicity to saltwater aquatic life occur
at concentrationsas low as 160 and 129 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested.

Human Health

Honochlorobenzans

For comparison purposes, two approaches were used to derive
criterion levels for monochlorobenzene. Based on available
toxicity data, for the protection of public health the derived
level is 488 ug/L. Using available organoleptic data, to
control undesirable taste and odor quality of ambient water the
estimated level 1s 20 ug/L. It should be recognized that
organoleptic data have limitations as a basis for establishing
water quality criteria, and have no demonstrated relationship to
potential adverse human health effects.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



CHIORINATED ETHANES

CRITERIA:
Aquatic Life

The available freshwater data for chlorinated ethanes
indicate that toxicity iIncreases greatly with Increasing
chlorination, and that acute toxicity occurs at concentrations as
low as 118,000ug/L for 1,2-dichlorosthane, 18,000ug/L for two
trichloroethanes, 9,320 ug/L for two tetrachloroethanes, 7,240
ug/L for pentachloroethane, and 980 ug/L for hexachloroethane.
Chronic toxicity occurs at concentrations as low as 20,000 ug/ L
for 1,2-dichloreosethane, 9,400 ug/L for 1,1,2-trichlorosthans,
2,400 ug/L for i,1,2,2-tstrachleroethans, 1,100 ug/z TFor
pentachloroethane, and 540 ug/L for hexachloroethane. Acute and
chronic toxicity would occur at lower concentrations among
species that are more sensitive than those tested.

The available saltwater data for chlorinated ethanes indicate
that toxicity increases greatly with iIncreasing chlorination and
that acute toxicity to fish and iInvertebrate species occurs at
concentrations as low as 113,000 ug/L for 1,2-dicnloroasthane,
31,200 ug/L Ffor 1,1,l-trichlorcethans, 9,020 ug/L for
1,1,2,2~tetrachlorosthane, 390 ug/L TFTor pentachloroethane,
and 940 ug/L for hexachloroethane. Chronic toxicity occurs at
concentrations as low as 281 ug/L for pentachloroethane. Acute
and chronic toxicity would occur at lower concentrations among

species that are more sensitive than those tested.




Human Health
For the maximum protection of human health from the potential .
carcinogenic effects of exposure to 1,2~-dichloroathans through
ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentration should be zero, based
on the nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, the
levels which may result in incremental increase of cancer risk
over the lifetime are estimated at 10”2, 1075, and 10~7. The
corresponding recommended criteria are 9.4 ug/L, 0.94 ug/L, and
0.094 ug/L, respectively. |If these estimates are made for
consumption of aquatic organisms only, excluding consumption of

water, " the levels are 2,430 ug/L, 243 ug/L, and 24.3 ug/L,

respectively. .
For the maximum protection of human health from the potential
carcinogenic effects of exposure to i,1,2-trichloroethane
through i1ngestion of contaminated water and contaminated aquatic
organisms, the ambient water concentration should be zero, based
on the nonthreshold assumption for this chemical. However,
zero level may not be attainable at the present time. Therefore,
the levels which may result in incremental iIncrease of cancer
risk over the lifetime are estimated at 10™%, 107%, and 1077,
The corresponding recommended criteria are 6.0 ug/L, 0.6 ug/L,
and 0.06 ug/L, respectively. IT these estimates are made for
consumption of aquatic organisms only, excluding consumption of

water, the levels are 418 ug/L, 41.8 ug/L, and 4.18 ug/L, .
respectively. ;



For the maximum protection of human health from the potential
carcinogenic effects of exposure to i,1,2,2-tetrachloroethane
through ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentration should be zero, based
on the nonthreshold assumption for this chemical. However,
zero level may not be attainable at the present time. Therefore,
the levels which may result in iIncremental increase of cancer
risk over the lifetime are estimated at 10”2, 10~%, and 10~7.
The corresponding recommended criteria are 1.7 ug/L, 0.17 ug/L,
and 0.017 ug/L, respectively. IT these estimates are made for
consumption of aquatic organisms only, excluding consumption of
water, the levels are 107 ug/L, 10.7 ug/L, and 1.07 ug/L,
respectively. :

For the maximum protection of human health from the potential
carcinogenic effects of exposure to hexachloroethane through
ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentration should be zero, based
on the nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, the
levels which may result in iIncremental iIncrease of cancer risk
over the lifetime are estimated at 10°°, 107%, and 1077. The
corresponding recommended criteria are 19 ug/L, 19 ug/L, and
0.19 ug/L, respectively. IT these estimates are made for
consumption of aquatic organisms only, excluding consumption
of water, the levels are 87.4 ug/L, 8.74 ug/L, and 0.87 ug/L,

respectively.



For the protection of human health from the toxic properties
of 1,1,1~trichlorosthane Ingested through water and contaminated
aquatic organisms, the ambient water criterion is determined to
be 18,4 mg/L,.

For the protection of human health from the toxic properties
of 1,1,l~trichlorcethans 1Ingested through contaminated
aquatic organisms alone, the ambient water criterion 1Is
determined to be 1.083 ug/1,

Because of insufficient available data €or monochloroethane,
1,l-dichlorosethanse, 1,1,1,2-tetrachlorosethane, and
pentachloroethane, satisfactory criteria cannot be derived at

this time, using the present guidelines.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



CHLORINATED MAPHTHALENES

CRITERIA:
Agquatic Life

The available data for chlorinated naphthalenes indicate that
acute toxicity to freshwater aquatic life occurs at
concentrations as low as 1,600 ug/L and would occur at lower
concentrations among species that are more sensitive than those
tested. No data are available concerning the chronic
toxicity of chlorinated naphthalenes to sensitive freshwater
aquatic life.

The available data for chlorinated naphthalenes,indicate that
acute toxicity to saltwater aqguatic life occurs at concentrations
as low as 7.5 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of chlorinated

naphthalenes to sensitive saltwater aquatic life.

Human Health

Using the present guidelines, a satisfactory criterion cannot
be derived at this time because of Insufficient available data

for chlorinated naphthalenes.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY




CHLORINE

SUMMARY :

Thirty-three freshwater species in 28 genera have been
exposed to TRC and the acute values range from 28 ug/L for
Daphmie magna to 710 ug/L for the threespine stickleback. Fish
and invertebrate species had similar ranges of sensitivity.
Freshwater chronic tests have been conducted with two
invertebrate and one fish species and the chronic values for
these three species ranged from less than 34 to 26 ug/L, with
acute-chronic ratios from 3.7 to greater than 78.

The acute sensitivities of 24 species of saltwater animals in
21 genera have been determined for ¢cpQ, and the LC50 range from
26 ug/L for the eastern oyster to 1,418 ug/L for a mixture of two
shore crab species. This range iIs very similar te that observed
with freshwater species, and fish and invertebrate species had
similar sensitivities. Only one chronic test has been conducted

with a saltwater species, Menidia peninsulass and in this test

the acute chronic ratio was 1.162.
The available data indicate that aquatic plants are more

resistant to chlorine than fish and invertebrate species.

NATIONAL CRITERIA:

The procedures described in the Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses indicate that, except possibly
where a locally important species is very sensitive, freshwater

aquatic organisms and their uses should not be affected



unacceptably if the 4-day average concentration of total residual .
chlorine does not exceedjg._yg/L more than once every 3 years on

the average and if the 1-hour average concentration does not
exceed 19 ug/L more than once every 3 years on the average.

The procedures described in the Guidelines indicate that,
except possibly where a locally important species is very
sensitive, saltwater aquatic organisms and their uses should not
be affected unacceptably if the 4-day average concentration of
chlorine-produced oxidants does not exceed 7.5 ug/L more than
once every 3 years on the average and if the one-hour average
concentration does not exceed 13 ug/L more than once every 3
years on the average.

The recommended exceedence frequency of 3 years is the
Agency's best scientific judgment of the average amount of time .
itwill take an unstressed system to recover from a pollution
event in which exposure to chlorine exceeds the criterion. A
stressed system, for example, one in which several outfalls occur
in a limited area, would be expected to require more time for
recovery. The resilience of ecosystems and their ability to
recover differ greatly, however, and site-specific criteria may
be established if adequate justification is provided.

The use of criteria in designing waste treatment facilities
requires the selection of an appropriate wasteload allocation
model. Dynamic models are preferred for the application of these
criteria. Limited data or other factors may make their use
Impractical, in which case one should rely on a steady-state .
model. The Agency recommends the interim use of 1Q5 or 1Ql0o for

Criterion Maximum Concentration design flow and 7¢5 or 7Q10 for



the Criterion Continuous Concentration design flow In steady-
state models for unstressed and stressed systems, respectively.
These matters are discussed in more detail in the Technical
Support Document for Water Quality-Based Toxics Control (U.s.
EPA, 1985).

(50 F.R. 30784, July 29, 1985)
SEE APPENDIX A FOR METHODOLOGY



CHLORINATED PHENOLS

CRITERIA:
Agquatic Life

The available freshwater data for chlorinated phenols
indicate that toxicity generally iIncreases with iIncreasing
chlorination, and that acute toxicity occurs at concentrations as
low as 30 ug/L TFfor 4-chloro-3-methylphenol to greater than
500,000 ug/L Ffor other compounds. Chronic toxicity occurs at
concentrations as low as 970 ug/L for 2,4,6-trichlorophenol.
Acute and chronic toxicity would occur at lower concentrations
among species that are more sensitive than those tested.

The available saltwater data for chlorinated phenols indicate
that toxicity generally increases with increasing chlorination
and that acute toxicity occurs at concentrations as low as 440
ug/L for 2,3,5,6=tetrachlorophencl and 29,700 ug/L Ffor 4-
chlorophenol. Acute toxicity would occur at lower concentrations
among species that are more sensitive than those tested. No data
are available concerning the chronic toxicity of chlorinated

phenols to sensitive saltwater aquatic lite.

Human Health

Sufficient data are not available for 3-chlorophenol to
derive a level which would protect against the potential toxicity
of this compound. Using available organoleptic data, to
control undesirable taste and odor qualities of ambient water,
the estimated level is 0.1 ug/L. It should be recognized that
organoleptic data have limitations as a basis for establishing a

water quality criterion, and have no demonstrated




relationship to potential adverse human health effects.

Sufficient data are not available for 4-chlorophenol to
derive a level which would protect against the potential toxicity
of this compound. Using available organoleptic data, to
control undesirable taste and odor qualities of ambient water
the estimated level is 0.1 ug/L. It should be recognized that
organoleptic data have limitations as a basis for establishing a
water quality criterion, and have no demonstrated
relationship to potential adverse human health effects.

Sufficient data are not available for 2,3-dichlereophensl toO
derive a level which would protect against the potential toxicity
of this compound. Using available organoleptic data, to control
undesirable taste and odor qualities of ambient water the
estimated level iIs 0.04 ug/L. It should be recognized that
organoleptic data have limitations as a basis for establishing a
water quality criterion, and have no demonstrated relationship to
potential adverse human health effects.

Sufficient data are not available for 2,5-dichlorophanol to
derive a level which would protect against the potential toxicity
of this compound. Using available organoleptic data, to control
undesirable taste and odor qualities of ambient water the
estimated level is 05 ug/L. It should be recognized that
organoleptic data have limitations as a basis for establishing a

water quality criterion, and have no demonstrated relationship to

potential adverse human health effects.
Sufficient data are not available for 2,6-dichlorophencl to
derive a level which would protect against the potential toxicity

of this compound. Using available organoleptic data, to control



undesirable taste and odor qualities of ambient water the
estimated level 1s 0.2 ug/L. It should be recognized that
organoleptic data have limitations as a basis for establishing a
watzr quality criterion, and have no demonstrated relationship to
potential adverse human health effects.

Sufficient data are not available for 3,4-dichlorophensl tO
derive a level which would protect against the potential toxicity
of this compound. Using available organoleptic data, to control
undesirable taste and odor qualities of ambient water the
estimated level 1s 03 ug/L. It should be recognized that
organoleptic data have limitations as a basis for establishing a
water quality criterion, and have no demonstrated relationship to
potential adverse human health sffscts,

For comparison purposes, two approaches were used to derive
criterion levels for 2,4,5-trichlorophenocl. Based on
available toxicity data, to protect public health the derived
level 1s 2.6 wng/L. Using available organoleptic data, to
control undesirable taste and odor quality of ambient water the
estimated level is 1.0 ug/L. It should be recognized that
organoleptic data have limitations as a basis for establishing a
water quality criterion, and have no demonstrated relationship to
potential adverse human health effects.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to 2,4,6-trichlorophenol
through the ingestion of contaminated water and contaminated
aquatic organisms, the ambient water concentration should be

zero, based on the nonthreshold assumption for this



chemical. However, zero level may not be attainable at the
present time. Therefore, the levels which may result in
incremental iIncrease of cancer risk over the lifetime are
estimated at 10~%, 10-%, and 1077. The corresponding
recommended criteria are 12 ug/L, 1.2 ug/L, and 0.12 ug/L,
respectively. If these estimates are made for consumption of
aquatic organisms only, excluding consumption of water, the
levels are 36 ug/L, 3.6 ug/L, and 0.36 ug/L, respectively. Using
available organoleptic data, to control undesirable taste and
odor qualities of ambient water the estimated level 1s 2 ug/L,
It should be recognized that organoleptic data have limitations
as a basis for establishing. a water quality criterion, and
have no demonstrated relationship to potential adverse
human health effects.

Sufficient data are not available for 2,3,4,6-
tetrachlorophenol to derive a level which would protect against
the potential toxicity of this compound. Using available
organoleptic data, to control undesirable taste and odor
qualities of ambient water the estimated level is 1.0 ug/L, It
should be recognized that organoleptic data have limitations as a
basis for establishing a water quality criterion, and have
demonstrated relationship to potential adverse human health
effects.

Sufficient data are not available for 2-methyl-4-chlorophenol
to derive a criterion level which would protect against any
potential toxicity of this compound. Using available

organoleptic data, to control undesirable taste and odor
qualities of ambient water the estimated level i1s 1,800ug/L. It



should be recognized that organoleptic data have limitations as a
basis for establishing a water quality criterion and have no
demonstrated relationship to potential adverse human health
effects.

Sufficient data are not available for 3-methyl-4-chlorophenol
to derive a criterion level which would protect against any
potential toxicity of this compound. Using available
organoleptic data, to control undesirable taste and odor
qualities of ambient water the estimated level is 3,000 ug/L. It
should be recognized that organoleptic data have limitations as a
basis for establishing a water quality criterion, and have no
demonstrated relationship to potential adverse human health
effects. 1

Sufficient data are not available for 3-methyl-6-chlorophenol
to derive a criterion level which would protect against any
potential toxicity of this compound. Using available
organoleptic data, to control undesirable taste and odor
qualities of ambient water the estimated level is 20 ug/L. It
should be recognized that organoleptic data have limitations as a
basis for establishing a water quality criterion, and have no
demonstrated relationship to potential adverse human health

effects.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



CHLOROALKYL ETHERS

CRITERIA :

Aquatic Life

The available data for chloroalkyl ethers iIndicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 238,000 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. NO
definitive data are available concerning the chronic toxicity of
chloroalkyl ethers to sensitive freshwater aquatic life.

No saltwater organism has been tested with any chloroalkyl
ether and therefore, no statement can be made concerning acute or

chronic toxicity.

Human Health

For the protection of human health from the toxic properties
of bis(2-chloroisopropyl) ether ingested through water and
contaminated aquatic organisms, the ambient water criterion Is
determined to be 34.7 ug/L.

For the protection of human health from the toxic properties
of bis(2-chloroisopropyl) ether 1Ingested through contaminated
aquatic organisms alone, the ambient water criterion 1Is
determined to be 4.3 wng/L.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to bis(chloromsthyl) ether
through ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero, based

on the nonthreshold assumption for this chemical. However, zero



level may not be attainable at the present time. Therefore, the
levels which may result in incremental increase of cancer risk
over the lifetime are estimated at 1073, 107%, and 1077.
The corresponding recommended criteria are 37.6 Xx 1078
uwg/L, 3.76 X 10°% ugsrL, and 0.376 x 10°% |ug/L,
respectively. If these estimates are made for consumption of
aquatic organisms only, excluding consumption of water, the
levels are 184 X 10”3 ug/L, 1.84 X 10~3 ug/L, and 0.184 x

107% ug/L, respectively.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to bis(z-chlorosthyl) ether
through i1ngestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero based
on the nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, the
levels which may result in incremental increase of cancer risk
over the lifetime are estimated at 107>, 10°%, and 1077.
The corresponding recommended criteria are 0.30 ug/L, 0.030
ug/L, and 0.003 ug/L, respectively. IT these estimates are
made for consumption of aquatic organisms only, excluding
consumption of water, the levels are 13.6 ug/L, 1.36 ug/L, and

0.136 ug/L, respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



CHLOROFORM

CRITERIA:

Aguatic Life

The available data for chloroform indicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 28,900 ug/L, and would occur at lower concentrations among
species that are more sensitive than the three tested species
Twenty-seven-day L¢50 values indicate that chronic toxicity
occurs at concentrations as low as 1,240 ug/L, and could occur at
lower concentrations among species or other life stages that are
more sensitive than the earliest life cycle stages of the rainbow
trout. The data base for saltwater species is limited to one
test and therefore, no statementfcan be made concerning acute or

chronic toxicity.

Huren Health

For the maximum protection of human health from the
potential carcinogenic effects of exposure to chloroform
through 1ngestion of contaminated water and contaminated
aquatic organisms, the ambient water concentrations should be
zero, based on the nonthreshold assumption for this chemical.
However, zero level may not be attainable at the present time.
Therefore, the levels which may result in incremental increase
of cancer risk over the lifetime are estimated at 1073,
10"¢, and 10”7. The corresponding recommended criteria are

1.90 ug/L, 0.19 ug/L, and 0.019 ug/L, respectively. IT these



estimates are made for consumption of aquatic organisms only,
excluding consumption of water, the levels are 157 ug/L, 15.7

ug/L, and 1.5/ ug/L, respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



OROPHENOXY )
2,4-D; 2 '

CRITERIA:

2,4-D 100 ug/L 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. Each of these compounds is
formulated in a variety of salts 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 displayed mild injury in response to doses
of 10 mg/kg/day for 90 days, 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 8.0
mg/kg/day in the dog.

Data are available on the toxicity of 2,4-D to man. A daily
dosage of 500 ng (about 7 mg/kg) produced no apparent ill effects
in a volunteer over a 21-day period (Kraus, 1946). When 2,4~D
was investigated as a possible treatment €or disseminated
coccidioidomycosis, the patient had no side effects from 18

Intravenous doses during 33 days; each of the last 12 doses in



the series was 800 mg (about 15 mg/kg) Oor more, the last being
2000 ng (about 37 mg/kg) (Seabury, 1963). A 19th and final dose
of 3600 mg (67 mg/kg) produced mild symptoms.

The long-term no-effects levels (mg/kg/day) are listed for
the rat and the dog. Those values are adjusted by a factor of
1/500 for 2,4-D and 2,4,5-TFP. The safe levels are then

readjusted to reflect total allowable intake per person. Since

little 2,4-D or 2,4,5-TP is expected to occur in foods, 20
percent of the safe exposure level can reasonably be allocated to

water without jeopardizing the health of the consumer.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



CHROMIUM (VI)
AQUATIC LIFE SUMMARY:

Acute toxicity values for chromium(vI) are available for
freshwater animal species in 27 genera and range from 23.07
ug/L For a cladoceran to 1,870,000 ug/L for a stonefly. These
species include a wide variety of animals that perform a wide
spectrum of ecological functions. All five tested speciesof
daphnids are especially sensitive. The few data that are
available indicate that the acute toxicity of chromium(vI)
decreases as hardness and pH Increase.

The chronic value for both rainbow trout and brook trout is
264.6 ug/L, wnich 1S much lower than the chronic value of 1,987
ug/L For the fathead minnow. The acute-chronic ratios for these
three fishes range from 18.55 to 260.8. In all three chronic
tests a temporary reduction iIn growth occurred at low
concentrations. Six chronic tests with Tive species of daphnids
gave chronic values that range from <2.5 to 40 ug/L and the
acute-chronic ratios range from 1.130 to »9.680. Except for the
fathead minnow, all the chronic tests were conducted In soft
water. Green algae are quite sensitive to chromium(vI). The
bioconcentration factor obtained with rainbow trout is less than
3. Growth of chinook salmon was reduced at a measured
concentration of 16 ug/L.

The acute toxicity of chromium (V1) to 23 saltwater vertebrate
and invertebrate species ranges from 2,000 ug/L €or a polychaete
worm and a mysid to 105,000 ug/L for the mud snail. The chronic

values €or a polychaete range from <13 to 36.74 ug/L, whereas



that for a mysid is 132 ug/L. The acute-chronic ratios range
from 15.38 to >238.5. Toxicity to macroalgae was reported at
1,000 and 5,000 ug/L. Biroconcentration factors for chromium(vI)

range from 125 to 236 for bivalve molluscs and polychaetes.

CHROMIUM (IITI)

Acute values for chromium(III) are available for 20 freshwater
animal species in la genera ranging from 2,221 ug/L for a mayfly
to 71,060 ug/L Tor caddisfly. Hardness has a significant
influence on toxicity, with chromium(III) being more toxic In

soft water.

chronic value of 66 ug/L, Inacomparable test in hard water the
lowest test concentration of 44 ug/L inhibited reproduction of
Daphrmia—magna, but this effect may have resulted from ingested
precipitated chromium. In a life-cycle test with the fathead
minnow In hard water the chronic value was 1,025 ug/L. Toxicity
data are available for only two freshwater plant species. A
concentration of 9,900 ug/L Inhibited growth of roots of Eurasian
watermilfoil. A freshwater green alga was affected by a
concentration of 397 ug/L 1In soft water. No bioconcentration
factor has been measured for chromium(III) with Tfreshwater
organisms.

Only two acute values are available for chromium (III) in
saltwater 10,300 ug/L for the eastern oyster and 31,500 ug/L for
the mummichog. [In a chronic test effects were not observed on a
polychaete worm at 50,400 ug/L at pH = 7.9, but acute lethality

occurred when pH = 4.5. Bioconcentration factors for saltwater




organisms and chromium(III) range from 86 to 153, similar to the

bioconcantration Factors for chromiun(vi) and saltwater species.

NATIONAL CRITERIA:

CHROMIULM (VD

The procedures described in the Guidelines for Deriving

Numerical National Water Quality Criteria for the Protection of
Aguatic Organisms and Their Uses indicate that, except possibly
where a locally important species 1s very sensitive, freshwater
aquatic organisms and their uses should not be affected
unacceptably iIf the 4-day average concentration of chromium(VI)
does not exceed 11 ug/L more than once every 3 years on the
average and 1f the 1-hour average concentration does not exceed
16 ug/L more than once every 3 years on the average.

The procedures described in the Guidelines indicate that,
except possibly where a locally iImportant species IS very
sensitive, saltwater aquatic organisms, and their uses should not
be affected unacceptably 1T the 4-day average concentration of
chromium(vI) does not exceed 50 ug/L more than once every 3 years
on the average and i1t the 1-hour average concentration does not
exceed 1,100 ug/L more than once every 3 years on the average.
Data suggest that the acute toxicity of chromium (VI) is salinity
dependent; therefore, the 1-hour average concentration might be

underprotective at low salinities.

CHROMIUM(TI1)

The procedures described in the Guidelines indicate that,

except possibly where a locally important species 1Is very

sensitive, freshwater aquatic organisms and their uses should not



be affected unacceptably If the 4-day average concentration (in
ug/L) OF chromium(III) does not exceed the numerical value given
by o(0.8190({1n(hardness)]+1.561) more than once every 3 years on
the average and if the 1-hour average concentration (inug/L)
does not exceed the numerical value given by
e(0,8190(1n(hardness) )+3.638) more than once every 3 years on the
average. For example, at hardnesses of 50, 100, and 200 ng/L as
Ccaco0, the 4-day average concentrations of chromium(III) are 120,
210, and 370 ug/L, respectively, and the l1l-hour average
concentrations are 980, 1,700, and 3,100 ug/L.

No saltwater criterion can be derived for chromium(III), but
10,300 ug/L is the EC50 for eastern oyster embryos, whereas
50,400 ug/L did not affect a polychaete worm in a life-cycle
test.

EPA believes that a measurement such as "acid-soluble" would
provide a more scientifically correct basis upon which to
establish criteria for minerals. The criteria were developed on
this basis. However, at this time, no EPA-approved methods for
such a measurement are available to implement the criteria
through the regulatory programs of the Agency and the States.
The Agency is considering development and approval of methods
for a measurement such as acid-soluble. Until available,
however, EPA recommends applying the criteria using the total
recoverable method. This has two Impacts: (@) certain species of
some metals cannot be analyzed directly because the total

recoverable method does not distinguish between individual

.



oxidation states, and (2) these criteria may be overly protective
when based on the total recoverable method.

The recommended exceedence frequency of 3 years is the
"Agency"s best scientific judgment of the average amount of time
It will take an unstressed system to recover from a pollution
event in which exposure to chromium exceeds the criterion. A
stressed system, for example, one in which several outfalls occur
in a limited area, would be expected or require more time for
recovery. The resilience of ecosystems and their ability to
recover differ greatly, however, and site-specific criteria may
be established 1t adequate justification IS provided.

The use of criteria in designing waste treatment facilities
requires the selection of an appropriate wasteload a1 location
model. Dynamic models are preferred for the application of these
criteria. Limited data or other factors may make their use
impractical, In which case one should rely on a steady-state
model. The Agency recommends the interim use of 105 or 1Q1o for
Criterion Maximum Concentration design flow and 745 or 7Qio  oOr
the Criterion Continuous Concentration design flow In steady-
state models for unstressed and stressed systems, respectively.
These matters are discussed In more detail in the Technical
Support Document for water Quality-Based Toxics Control (U.S.
EPA, 1985).

HUMAN HEALTH CRITERIA:

For the protection of human health from the toxic properties

of Chromium III i1ngested through water and contaminated aquatic



organisms, the ambient water criterion is determined to be 170

ng/L.

For the protection of human health from the toxic properties
of Chromium 111 ingested through contaminated aquatic organisms
alone, the ambient water criterion is determined to be 3433 mg/L.

The ambient water quality criterion for total Chromium VI 1is
recommended to be identical to the existing drinking water
standard which i1s 50 ug/L. Analysis of the toxic effects data
resulted in a calculated level which i1s protective of human
health against the ingestion of contaminated water and
contaminated aquatic organisms. The calculated value is
comparable to the present standard. For this reason a selective
criterion based on exposure solely from consumption of 6.5 grams

of aquatic organisms was not derived.

(45 F.R. 79318 Nov. 28,1980) (50 F.R. 30784, July 29, 1985)
SEE APPENDIX A FOR METHODOLOGY



2=-CHLORQPHENCL

CRITERIA:

Aquatic Life

The available data for 2-chlorophenol indicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 4,380 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No definitive
data are available concerning the chronic toxicity of 2-
chlorophenol to sensitive freshwater aquatic life, but flavor
impairment occurs in one species of fish at concentrations as low
as 2,000 ug/L.

No saltwater organisms have been tested with 2-
chlorophenol and therefore, no statement can be made concerning
acute or chronic toxicity.

Human Health

Sufficient data are not available for 2-chlorophenol to
derive a level which would protect against the potential toxicity
of this compound. Using available organoleptic data, to
control undesirable taste and odor qualities of ambient water the
estimated level 1s 01 ug/L. It should be recognized that
organoleptic data have limitations as a basis for establishing a
water quality criterion, and have no demonstrated relationship to

potential adverse human health effects.

45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



. COLOR
, ~ CRITERTA:

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

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

increased color (in combination with turbidity) should
not reduce the depth of the compensation point for
photosynthetic activity by more than 10 percent from
the seasonally established norm for aquatic life.

INTRODUCTION:

Color 1n water principally results from degradation processes
In the natural environment. Although colloidal forms of iron and
manganese occasionally are the cause of color in water, the most
‘ common causes are complex organic compounds originating from the
decomposition of naturally occurring organic matter (AWA,
1971). Sources of organic material i1nclude human materials from
the soil such as tannins, human acid and humates: decaying
plankton: and other decaying aquatic plants. Industrial
discharges may contribute similar compounds: for example, those
from the pulp and paper and tanning industries. Other iIndustrial
discharges may contain brightly colored substances such as those

from certain processes iIn textile and chemical iIndustries.
Surface waters may appear colored because of suspended matter
which comprises turbidity. Such color is referred to as apparent
color and i1s differentiated from true color caused by colloidal
. human materials (Sawyer, 1960). Natural color iIs reported in



color tunits" which generally are determined by use of the
platinum-cobalt method (Standard Methods, 1971).

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 (1953a)
characterized color-causing colloids examined as aromatic,
polyhydroxy, methoxy carboxylic acids. Shapiro (1964)
characterized color-causing constituents as being dialyzable and
composed of aliphatic, polyhydroxyl carboxylic acids with
molecular weights varying from less than 200 to approximately
400. The colloidal fraction of color exists in the 35 to 10 mu
diameter range (Black and Christman, 1963b), These same authors
summarized other characteristics of color observed in laboratory
studies of natural waters: color i1s caused by light scattering
and fluorescence rather than absorption of light energy, and pH
affects both particle size of the color-causing colloids and the

intensity of color itself.

RATIONALE :

Color i1n water is an iImportant constituent In terms of
aesthetic considerations. To be aesthetically pleasing, water
should be virtually free from substances introduced by man®s
activities which produce objectionable color. "opjactionabla
color" 1Is defined to be a significant increase over natural
background levels. Non-natural colors such as dyes should not be
perceptible by the human eye as such colors are especially
objectionable to those who receive pleasure by viewing water in

its natural state. Because of the extreme variations in the




natural background amount of color, it iIs meaningless to attempt
numerical limits. The aesthetic attributes of water depend on
ona's appreciation of the water setting.

The effects of col’or on public water supplies also are
principally aesthetic. The 1962 Drinking Water Standards (PHS,
1962) recommended that color in Ffinished waters should not exceed
15 units on the platinum-cobalt scale. Water consistently can be
treated using standard coagulation, sedimentation and filtration
processes to reduce color to substantially less than 15 color
units when the source water does not exceed 75 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
photosynthesis by phytoplankton and to restrict the zone for
aquatic vascular plant growth.

The light supply necessary to support plant life iIs dependent
on both Intensity and effective wave lengths (Welch, 1952). 1In
general, the rate of photosynthesis iIncreases with the intensity
of the incident light. Photosynthetic rates are most affected In
the red region and least affected in the blue-violet region of
incident light (Welch, 1952). It has been found that in colored
waters the red spectrum is not a region of high absorption so
that the effective penetration, and therefore the intensity for
photosynthesis, 1is not as restricted as are other wave lengths.
It should be emphasized that transmission of all parts of the
spectrum {s affected by color, but the greatest effect is on the

standard or blue end of the spectrum (Birge and Juday, 1930). In



TABLE 2. ‘ll'
Maximum color of surface waters that have been
used as sources for industrial water supplies.

Industry ox Industrial Use Color _units
Boiler make up 1,200
cooling water 1,200
Pulp and paper 360
Chemical and allied products 500
Petroleum 25



highly colored waters (45 to 132 color units) Birge and Juday
(1930) measured the light transmission as a percentage of the
incident level and found very little blue, 50 percent or less
yellow, and 100 to 120 percent red.

The light 1i1ntensity required for some aquatic vascular
plants to photosynthetically balance the oxygen used in
respiration may be 5 percent of full sunlight during maximum
summer illumination periods (NTAC, 1968). As much as 10 percent
of the WIncident light may be required for plankton to likewise
photosynthetically produce sufficient oxygen to balance their
respiration requirements (NTAC, 1968). The depth at which such a
compensation point iIs reached, calledthe compensation depth,
delineates the zone of effsctive photosynthetic oxygen
production. To maintain satisfactory biological conditions, this
depth cannot be substantially reduced.

Industrial requirements as related to water color have been
standardized (NAS, 1974). Table 2 lists the maximum value used
as a source of water for various iIndustries and industrial uses.

Through treatment, such waters can be made to meet almost any

industrial requirement.

QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



*COPPER
AQUATIC LIFE SUMMARY:

acute toxicity data are available for species in 41 genera of
freshwater animals. At a hardness of 50 mg/L the genera range iIn

sensitivity from 16.74 ug/L for Ptychocheilus to 10,240 ug/L for

Acroneuria. Data for eight species indicate that acute toxicity

decreases as hardness iIncreases. Additional data for several
species indicate that toxicity also decreases with increases In
alkalinity and total organic carbon.

Chronic values are available €or 15 freshwater species and
range from 3.873 ug/L €or brook trout to 60.36 ug/L for northern
pike. Fish and invertebrate species seem to be about equally
sensitive to the chronic toxicity of copper.

Toxicity tests have been conducted on copper with a wide
range of freshwater plants and the sensitivities are similar to
those of animals. complexing effects of the test media and a
lack of good analytical data make interpretation and application
of these results difficult. Protection of animal species,
however, appears to offer adeguate protection of plants. Copper
does not appear to bioconcentrate very much in the edible portion
of freshwater aquatic species.

The acute sensitivities of saltwater animals to copper range
from 5.8 ug/L for the blue mussel to 600 ug/L for the green crab.
A chronic life-cycle test has been conducted with a mysid, and
adverse effects were observed at 77 ug/L but not at 38 ug/L,
which resulted iIn an acute-chronic ratio of 3.346. Several

*Indicates susp=nded, canceled or restricted by v.3s.2Epa OFfFice
of Pesticides ahd Toxic Substances



saltwater algal species have been tested, and effects were
observed between 5 and 100 ug/L. QOysters can bioaccumulate
copper up to 28,200 times, and become bluish-green, apparently

without significant mortality. In long-term exposures, the bay

scallop was killed at 5 ug/L.

NATIONAL CRITERIA:

The procedures described in the Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aguatic Organisms and Uses indicate that, except possibly where a
locally important species IS very sensitive, freshwater aquatic
organisms and their uses should not be affected unacceptably if
the 4-day average concentration (in ug/L) of copper does not
exceed the numerical value giveny .(0.8545{1ln(hardness)d-1.465)
more than once every 3 years on the average and if the 1-hour
average concentration (inug/L} does not exceed the numerical
value given by _(0.9422[Lln(hardness))-1.484) more than once every
3 years on the average. For example, at hardnesses of 50, 100,
and 200 mg/L as caco0, the 4-day average concentrations of copper
are 6.5, 12, and 21 ug/L, respectively, and the 1-hour average
concentrations are 9.2, 18, and 34 ug/L.

The procedures described i1n the Guidelines iIndicate that,
except possibly where a locally important species IS very
sensitive, saltwater aquatic organisms and their uses should not
be affected unacceptably if the 1-hour average concentration of
copper does not exceed 2.9 ug/L more than once every 3 years on
the average.

EPA believes that a measurement such as "acid=-solublem would



provide a more scientifically correct basis upon which to
establish criteria for metals. The criteria were developed on
this basis. However, atthistime, no EPA approved methods for
such a measurement are available to implement the criteria
through the regulatory programs of the Agency and the States.
The Agency 1is considering development and approval of methods
for a measurement such as acid-soluble. Until available,
however, EPA recommends applying the criteria using the total
recoverable method. This has two impacts: (d)certain species of
some metals cannot be analyzed directly because the total
recoverable method does not distinguish between individual
oxidation states, and (2) these criteria may be overly protective
when based on the total recoverable method.

The recommended exceedence frequency of 3 years is the
Agency's best scientific judgment of the average amount of time
itwill take an unstressed system to recover from a pollution
event in which exposure to copper exceeds the criterion. A
stressed system, for example, one in which several ocutfalls occur
in a limited area, would be expected to require more time for
recovery. The resilience of ecosystems and their ability to
recover differ greatly, however, and site-specific criteria may
be established if adequate justification is provided.

The use of criteria in developing waste treatment facilities
requires the selection of an appropriate wasteload allocation
model. Dynamic models are preferred for the application of these
criteria. Limited data or other factors may make their use
impractical, in which case one should rely on a steady-state

model. The Agency recommends the interim use of 1Q5o0r 1Ql0 for



Criterion Maximum Concentration design flow and 745 or 7910 for
the Criterion Continuous Concentration (CCC) design flow 1In
steady-state models for unstressed and stressed systems
respectively. These matters are discussed in more detail iIn the
Technical Support Document for Water Quality-Based Toxics Control
(U.s. EPA, 1985).

HUMAN HEALTH CRITERIA:

Sufficient data is not available for copper to derive a level
which would protect against the potential toxicity of this
compound. Using available organoleptic data, for controlling
undesirable taste and odor quality of ambient water, the
estimated level 1s 1 mg/L. It should be recognized that
organoleptic data as a basis for establishing a water quality
criteria have limitations and have no demonstrated relationship

to potential adverse human health effects.

(45 F.R. 79318 Nov. 28,1980) (S0F.R. 30784, July 29, 1985)
SEE APPENDIX A FOR METHODOLOGY




CYANIDE
AQUATIC LIEE SUMMARY:

Data on the acute toxicity of free cyanide (the sum of
cyanide present as HCN and CN-, expressed as CN) are available
for a wide variety of freshwater species that are involved in
diverse community functions. The acute sensitivities ranged from
44.73 uwg/L to 2,490 ug/L, but all of the species with acute
sensitivities above 400 ug/L were invertebrates. A long-term
survival, and a partial and life-cycle test with fish gave
chronic values of 13.57, 7.849, and 16.39 ug/L, respectively.
Chronic values for two freshwater invertebrate species were
18.33 and 34.06 ug/L. Freshwater plants were affected at cyanide
concentrations ranging from 30 ug/L to 26,000 ug/L.

The acute toxicity of free cyanide to saltwater species ranged
from 4.893 ug/L to >10,000 ug/L and invertebrates were both the
most and least sensitive species. Long-term survival in an early
life-stage test with the sheepshead minnow gave a chronic value
of 36.12 ug/L. Long-term survival in a mysid life-cycle test
resulted in a chronic value of 69.71 ug/L. Tests with the red

macroalga, Champia parv=ie=s showed cyanide toxicity at 11 to 25

ug/L, but other species were affected at concentrations up to
3,000 ug/L.
NATIONAL CRITERIA:

The procedures described in the Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses indicate that, except possibly
where a locally important species is very sensitive, freshwater

aquatic organisms and their uses should not be affected



unacceptably if the 4-day average concentration of cyanide does
not exceed 5.2 ug/L more than once every 3 years on the average
and i1If the 1-hour average concentration does not exceed 22 ug/L
more than once every 3 years on the average.

The procedures described in the Guidelines iIndicate that,
except possibly where a locally important species 1S very
sensitive, saltwater aguatic organisms and their uses should not
be affected unacceptably i¢ the 1-hour average concentration of
cyanide does not exceed 10 ug/L more than once every 3 years on
the average.

ErPa believes that a measurement such as "acid soluble" would
provide a mores scientifically correct basis upon which to
establish criteria for cyanide. The criteria were developed on
this basis. However, at this time, no EPA-approved methods for
such a measurement are available to implement the criteria
through the regulatory programs of the Agency and the States.

The Agency 1is considering development and approval of methods
for a measurement such as acid soluble. Until available,
however, EPA recommends applying the criteria using the total
recoverable method. These criteria may be overly protective when
based on the total recoverable method.

The recommended exceedence frequency of 3 years i1s the
agency's best scientific judgment of the average amount of time
it will take an unstressed system to recover from a pollution
event In which exposure to cyanide exceeds the criterion. A
stressed system, for example, one in which several outfalls occur
in a limited area, would be expected to require more time for

recovery. The resilience of ecosystems and their ability to




recover differ greatly, however, and site-specifiz criteria may
be established if adequate justification iIs provided.

The use of criteria in designing waste treatment facilities
requires the selection of an appropriate wasteload a1 location
model. Dynamic models are preferred for the application of these
criteria. Limited data or other factors may make theilr use
impractical, in which case one should rely on a steady-state
model. The Agency recommends the interim use of 1Q5 or LgLo for
Criterion Maximum Concentration design flow and 795 or 7Qlo for
the Criterion Continuous Concentration design flow In stsady-
state models for unstressed and stressed systems respectively.
These matters are discussed in more detail in the Technical
Support Document for Water Quality-Based Toxics Control (U.S.
EPA, 1985).

HUMAN HEALTH CRITERIA

The ambient water quality criterion for cyanide 1is
recommended to be identical to the existing drinking water
standard which 1s 200 ug/L. Analysis of the toxic effects data
resulted in a calculated level which is protective of human
health against the 1ingestion of contaminated water and
contaminated aquatic organisms. The calculated value 1is
comparable to the present standard. For this reason a selective
criterion based on exposure solely from consumption of 6.5 grams
of agquatic organisms was not derived.

NOTE: 'Il'he us. EPA 1s cutrgntlﬁ/ developing Acceptable Daily
AGomeynitie s Tor this cremical.. Tho mew vale should
be substituted when i1t becomes available. The January,

1986, draft Verified Reference Dose document cites an RED
of .02 mg/kg/day For free cyanide.



BET ANB METABOLITES

CRITERIA:

Aquatic Life
DOT Aguatic

For DDT and i1ts metabolites the criterion to protect
freshwater aquatic life as derived using the Guidelines iIs 0.0010
ug/L as a 24-hour average and the concentration should not exceed
1.1 ug/L at any time.

For DDT and i1ts metabolites the criterion to protect”
saltwater aquatic life as derived using the Guidelines is 0.0010
ug/L as a 24-hour average and the concentration should not exceed
0.13 ug/L at any time.

TDE

The available data for TDE indicate that acute toxicity to
freswater aquatic life occurs at concentrations as low as 0.6
ug/L and would occur at lower concentrations among species that
are more sensitive than those tested. No data are available
concerning the chronic toxicity of TDE to sensitive freshwater
aquatic life.

The available data for TDE indicate that acute toxicity to
saltwater aquatic life occurs at concentrations as low as 3.6
ug/L and would occur at lower concentrations among species that
are more sensitive than those tested. No data are available
concerning the chronic toxicity of TDE to sensitive saltwater
aquatic life.

DDE
The available data for DDE indicate that acute toxicity

to freshwater aquatic life occurs at concentrations as low as



1,050 ug/L and would occur at lower concentrations among species
that are more sensitive than those tested. No data are available
concerning the chronic toxicity of DDE to sensitive freshwater
aquatic life.

The available data for DDE indicate that acute toxicity
to saltwater aquatic life occurs In concentrations as low as 14
ug/L and would occur at lower concentrations among species that
are more sensitive than those tested. No data are available

concerning the chronic toxicity of DDE to sensitive saltwater

aquatic life.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to DDT through ingestion of
contaminated water and contaminated aquatic organisms, the
ambient water concentration should be zero, based on the
nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, the
levels which may result in incremental increase of cancer risk
over the lifetime are estimated at 107%, 10™% and 10~". The
corresponding recommended criteria are 0.24 ng/L, 0.024 ng/L, and
0.0024 ng/L, respectively. |ITf these estimates are made for
consumption of aquatic organisms only, excluding consumption
of water, the |levels are 0.24 ng/L, 0.024 ng/L, and 0.0024

ng/L, respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY

®



DEMETON
CRITERION:

0.1 ug/L for freshwater and marine aquatic life
RATIONALE:

Static LC50 bioassays yielded toxicity values for the organo-
phosphorus pesticide demeton for carp, goldfish, fathead minnow,
channel catfish, guppy, rainbow, trout and bluegill, ranging from
70 ug/L to 15,000 ug/L (Hendersonand Pickering, 1958; Ludemann
and Neumann, 1982; Macek and McAllister, 1970; Mccann and Jasper,
1972; Pickering et al. 1962). Results of these tests demonstrate
an apparent sharp division In species sensitivity, with bluegill

(Lepomis macrochirus), rainbow trout (Salmo gairdneri) and

guppy, {(Poecilia reticutrata), being susceptible to lower

concentrations while the remaining species were comparatively
resistant. In the 96-hour exposures toxicity did not increase
significantly with time, indicating that concentrations close to
nominal may not have been maintained for more than a few hours,
Bluegills with a 24-hour LC50 of 70 ug/L were the most sensitive
fish (Mccann and Jasper, 1972).

When Tish were exposed to acutely toxic levels of demeton €or
12 hours by Weiss (1959, 1961) the maximum inhibition of brain
acetiylcholinesterase (AChE) was not reached. The lowest levels
of AChE 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 levels approaching normal
took many more weeks. Weiss (1958) 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 recovered
fish was equal to that of previously unexposed controls. Weiss
and Gakstatter (19s4a) reported no significant inhibition of
brain AChE 1In v»luegills, goldfish and shiners (Notemigonus
crysolszucas), TFollowing 15-day exposures to demeton at
continuously replenished, nominal concentrations of 1 ug/L.

Acute toxicity values reported for iInvertebrates range from
10 to 100,000ug/L (Ludemann and Neumann, 1962; Sanders, 1972).
In general, molluscs and tubifsx 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
exposure at 10 ug/L produced undefined effects while 100 percent
were killed at 1000 ug/L. Calculated LC50 data for invertebrates
apparently are limited to a single, nominal concentration static
exposure of Gammarus fasciatus (Sanders, 1972). These 24- and
96-hourLC50 valuesarereportedas 500 and27 ug/L, indicating a
time-related effect not observed in the bioassays with fishes.
As only a few of the sensitivespecieshavebeentestedandgreat
variance in response can result with different test methods,
caution must be exercised iIn 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 might result from short exposures to subacute
concentrations of organophosphates.

There are few data on the toxicity of demeton to marine

organisms. Butler 1964) reported a 48-hour EC50 of 63 ug/L for



the pink shrimp, Peneaus duorarum, and a 24-hour LC50 of 550 ug/L

for the spot, Lsisstomus Xanthurus.

Chronic demeton toxicity data for freshwater organism are not
currently available. Since no data are available at this time to
indicate long-term no-effect levels for aquatic organisms, a
criterion must be derived Dbased partly on the fact that all
organophosphates inhibit the production of the AChE enzyme.
Demeton 1S unique, however, in that the persistence of its AChE-
inhibiting ability is greater than that of 10 other common
organophosphates, even though 1ts acute toxicity is apparently
less. The effective "half-1life" ofF AChE inhibition for demeton
IS greater than one year (Weiss and Gakstatter, 19s4b), Because
such 1nhibition may be additive with repeated exposures and may
be compounded by any of the organophosphates, 1t is recommended
that a criterion for demeton be based primarily on Its enzyma-
inhibiting potential. A criterion of 0.1 ug/L demeton for
freshwater and marine aquatic life is recommended since i1t will
not be expected to significantly inhibit AChE over a prolonged
period of time. In addition, the criteria recommendation iIs in

close agreement with the criteria for the other organophosphates.

(I(EQUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



DICHLOROBENZENES

CRITERIA:
Aguatic Life

The available data for dichlorobenzenes indicate that acute
and chronic toxicity to freshwater aquatic life occur at
concentrations as low as 1,120 and 763 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested.

The available data for dichlorobenzenes indicate that acute
toxicity to saltwater aquatic life occurs at concentrations as
low as 1,970 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic' toxicity of dichlorobenzenes to

sensitive saltwater aquatic life.

Huren Health

For the protection of human health from the toxic properties
of dichlorobenzene 1i1ngested through water and contaminated
aquatic organisms, the ambient water criterion is determined to
be 400 ug/L.

For the protection of human health from the toxic properties
of dichlorobenzenes ingested through contaminated aquatic
organisms alone, the ambient water criterion is determined to be
26 mg/L.

(45 F.R. 79318, November 28, 1980}
SEE APPENDIX B FOR METHODOLOGY



DICHLOROBENZIDINE

CRITERIA:
Aguatic Life

The data base available for dichlorobenzidines and freshwater
organisms is limited to one test on bioconcentration of 3,3-
dichlorobenzidine, and therefore, no statement can be made
concerning acute or chronic toxicity.

No saltwater organisms have been tested with any
dichlorobenzidine, and therefore, no statement can be made

concerning acute or chronic toxicity.

Human Health

For the maximum protection of human health from the
potential carcinogenic effects of exposure to dichlorobenzidine
through ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero, based
on the nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, the
levels which may result in incremental iIncrease of cancer risk
over the lifetime are estimated at 1073, 107°, and 1077.
The corresponding recommended criteria are 0.103 ug/L, 0.010
ug/L, and 0.001 ug/L, respectively. |If these estimates are
made for consumption of aquatic organisms only, excluding
consumption of water, the levels are 0.204 ug/L, 0.020 ug/L, and
0,002 ug/L, respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



DICHLOROETHYLENES

CRITERIA:

Agquatic Life

The available data for dichloroethylenes indicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 11,600 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No definitive
data are available concerning the chronic toxicity of
dichloroethylenes to sensitive freshwater aquatic life.

The available data for dichloroethylenes indicate that acute
and chronic toxicity to saltwater aquatic life occurs at
concentrations as low as 224,000 ug/L and would occur at lower
concentrations among species that are more sensitive than thessz
tested. No data are available concerning the chronic toxicity of

dichloroethylenes to sensitive saltwater aquatic life.

Human Health

1,1-Dichloroethylene

For the maximum protection of human health from the potential
carcinogenic effects of exposure to 1,1 dichloroethylene through
ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero,
based on the non threshold assumption for this chemical.
However, zero level may not be attainable at the present time.
Therefore, the levels which may result in incremental increase of
cancer risk over the lifetime are estimated at 1072, 10-
6, and 1077. The corresponding recommended criteria are

0.33 ug/L, 0.033 ug/L, and 0.003 ug/L, respectively. It



these estimates are made for consumption of aquatic
organisms only, excluding consumption of water, the levels are

185 ug/L, 1.8 ug/L, and 0.185 ug/L, respectively.

1,2=-Dichloroethylans

Using the present guidelines, a satisfactory criterion cannot

be derived at this tine because of insufficient available data
for 1,2-dichlorosthylane.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



2,4-DICHLOROPHENOCL

CRITERIA:
Aguatic Life

The available data for 2,4-dichlorophznol iIndicate that acute
and chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 2,020 and 365 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested. Mortality to early life stages of
one species of fish occurs at concentrations as low as 70 ug/L.

Only one test has been conducted with saltwater organisms and
2,4=-dlchlorophenol and therefore, no statement can be made

concerning acute or chronic toxicity.

Human Health

For comparison purposes, two approaches were used to derive
criterion levels for 2,4-dichlorophenol, Based on available
toxicity data, to protect public health the derived level is 3.9
mg/L. Using available organoleptic data, to control undesirable
taste and odor qualities of ambient water the estimated level 1is
0.3 ug/L. 1t should be recognized that organoleptic data have
limitations as a basis for establishing a water quality
criterion, and have no demonstrated relationship to potential

adverse human health effects.

45 F.R. 79318, November 28, 1980)
SEE APPENDIX 8 FOR METHODOLOGY



DICHIOROPROPANES /DICHLOROPROPENES

CRITERIA:
Aquatic Life

The available data for dichloropropanes indicate that acute
and chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 23,000 and 5,700 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested.

The available data for dichloropropene indicate that acute
and chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 6,060 and 244 ug/L, respactivaly, and
would occur at lower concentrations among species that are more

sensitive than those tested.

The available data for dichloropropane indicate that acute
and chronic toxicity to saltwater aquatic life occur at
concentrations as low as 10,300 and 3,040 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested.

The available data for dichloropropene indicate that acute
toxicity to saltwater aquatic life occurs at concentrations as
low as 790 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data
are available concerning the chronic toxicity of

dichloropropene to sensitive saltwater aquatic life.



Human Health
Using the present guidelines, a satisfactory criterion cannot .
be derived at this time because of insufficient available data

for dichloropropanes.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



2, 4-DIMETHYLPHENOL

CRITERIA

Aguatic Life

The available data for 2,4-dimethyiphenol Indicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 2,120 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of dimethylphenol
to sensitive freshwater aquatic life.

No saltwater organisms have been tested with 2,4-
dimethyl-phenol and therefore, no statement can be made
concerning acute or chronic toxicity.

Human Health

Sufficient data are not available for 2,4-dimathylphenol to
derive a level which would protect against the potential toxicity
of this compound. Using available organoleptic data, to control
undesirable taste and odor quality of ambient water the estimated
level is 400 ug/L. It should be recognized that organoleptic
data have limitations as a basis for establishing a water quality
criterion, and have no demonstrated relationship to

potential adverse human health effects.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



DINITROTOLUENE

CRITERIA:
Aquatic Life

The available data for dinitrotoluenes indicate that acute
and chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 330 and 230 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested.

The available data for dinitrotoluenes indicate that acute
toxicity to saltwater aquatic life occurs at concentrations as
low as 590 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of dinitrotoluenes
ts sensitive saltwater aquatic life but a decrease In algal cell

numbers occurs at concentrations as low as 370 ug/L,

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to 2,4-dinitrotolusns through
ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentration should be zero, based
on the nonthreshold assumption for this chemical. However,
zero level may not be attainable at the present time. Therefore,
the levels which may result in incremental increase of cancer
risk over the lifetime are estimated at 107>, 107° and 10™7. The
corresponding recommended criteria are 1.1 vg/L, 0.11 ug/L, and
0,011 ug/L, respectively. IT these estimates are made for

consumption of aquatic organ-isms only, excluding consumption



of water, the levels are 91 ug/L, 9.1 ug/L, and 0.91 ug/L, .

respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



DIPHENYLHYDRAZINE

CRITERIA:

Aguatic Life

The available data for 1,2-diphenylhydrazine iIndicate that
acute toxicity to freshwater aquatic life occurs at
concentrations as low as 270 ug/L and would occur at lower
concentrations among species that are more sensitive than those
tested. No data are available concerning the chronic toxicity of
1,2-diphenylhydrazine to sensitive freshwater aquatic life.

No saltwater organisms have been tested with 1i,2-
diphenylhydrazine and therefore, no statement can be made
concerning acute or chronic toxicity.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to diphenylhydrazine through
ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero, based
on the nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, the
levels which may result in incremental increase of cancer risk
over the lifetime are estimated at 1072, 107%, and 1077.
The corresponding recommended criteria are 422 ng/L, 42 ng/L, and
4 ng/L, respectively. IT these estimates are made for
consumption of aquatic organisms only, excluding consumption of
water, the levels are 5.6 ug/L, 0.5 ug/L, and 0.056 ug/L,

respectively.

45 F.R. 79318, November 28, 1980)
EE APPENDIX B FOR METHODOLOGY



ENDOSULFAN

CRITERIA:

Aguatic Life

For endosulfan the criterion to protect freshwater agquatic
life as derived using the Guidelines i1s 0.056 ug/L as a 24-hour
average and the concentration should not exceed 0.2 ug/L at any
time.

For endosulfan the criterion to protect saltwater
aquatic life as derived using the Guidelines is 0.0087 ug/L as a
24-hour average and the concentration should not exceed 0.034
ug/L at any time.

Human Health

For the protection of human "health from the toxic properties
of endosulfan ingested through water and contaminated aquatic
organisms, the ambient water criterion is determined to be 74
ug/L.

For the protection of human health from the toxic properties
of endosulfan 1ingested through contaminated aquatic
organisms alone, the ambient water criterion Is determined to be

159 ug/L.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



*ENDRIN
CRITERIA:
Aquatic Life

For endrin the criterion to protect freshwater aquatic life
as derived using the Guidelines is 00,0023 ug/L as a 24-hour
average, and the concentration should not exceed 0.18 ug/L at any
time.

For endrin the criterion to protect saltwater aguatic life as
derived using the Guidelines Is 0.0023 ug/L as a 24-hour average,

and the concentration should not exceed 0.037 ug/L at any time.

Human Health

The ambient water quality criterion for endrin is recommended
to be identical to the existing water standard which is 1.0 ug/L.
Analysis of the toxic effects data resulted in a calculated level
which is protective of human health against the ingestion of
contaminated water and contaminated aquatic organisms. The
calculated value i1s comparable to the present standard. For
this reason a selective criterion based on exposure solely from

assumption of 6.5 g of aguatic organisms was not derived.

*Indicates suspended, canceled or restricted by u.s. EPA Office
of Pesticides and Toxic Substances

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



ETHYLBENZENE

CRITERIA:

Aguatic Life

The availlable da a for ethylbenzene Wdicate t at acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 32,000 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No definitive
data are available concerning the chronic toxicity of
ethylbenzene to sensitive freshwater aquatic life.

The available data for ethylbenzene indicate that
acute toxicity to saltwater aquatic life occurs at
concentrations as low as 430 ug/L and would occur at lower
concentrations among species that are more sensitive than those
tested. No data are available concerning the chronic toxicity
of ethylbenzene to sensitive saltwater aquatic life.

Huran Health

For the protection of human health from the toxic properties
of ethylbenzene ingested through water and contaminated aquatic
organisms, the ambient water criterion is determined to be 1.4
mg/L.

For the protection of human health from the toxic properties
of ethylbenzene ingested through contaminated aguatic organisms
alone, the ambient water criterion is determined to be 3.8 my/L.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY

NOTE: The uU.s, EPA 1S cur_‘r(_antllg/ developing Acceptable Daily
Intake (ADI) or Verified Reference Dose (rRtD) values for
Agency-wide use for this chemical. _The new value should
be substituted when i1t becomes available. The January,
1986, draft Verified Reference Dose document cites an RfD
of 0.1 mg/kg/day Tor ethylbenzene.



FLUORANTHENE

CRITERIA:

Agquatic Life

The available data for fluoranthene indicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 3,980 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of fluoranthene to
sensitive-freshwater aquatic life.

The available data €or fluoranthene indicate that acute and
chronic toxicity to saltwater aquatic life occur at
concentrations as low as 40 and 16 ug/L, respectively, and would
occur at lower concentrations®™ among species that are more

sensitive than those tested.

Human Health

For the protection of human health from the toxic properties
of fTluoranthene ingested through water and contaminated aquatic
organisms, the ambient water criterion is determined to be 42
ug/L.

For the protection of human health from the toxic properties
of fluoranthene iIngested through contaminated aquatic organisms

alone, the ambient water criterion iIs determined to be 54 ug/L,

(45 F.R. 79318, idovembar 28, 1980)
SEE APPENDIX B FOR METHODOLOGY




GASES, TOTAL DISSOLVED

CRITERION:

To protect freshwater and marine aquatic life, the total
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 pressure or
tension are killed when dissolved gases iIn their circulatory
system come out of solution to form bubbles (emboli) which block
the flow of blood through the capillary vessels. In aquatic
organisms this is commonly referred to as *gas bubble diszasev,
External bubbles (emphysema) also appear in the fins, on the
opercula, i1In the skin and iIn other body tissues. Aquatic
invertebrates are also affected by gas bubble disease, but
usually at supersaturation levels higher than those lethal to
fish.

The standard method of analyzing for gases iIn solutions has
been the Van Slyke method (Van Slyke et al. 1934); now, gas
chromatography also is used for determination of individual and
total gases. For determination of total gas pressure, Weiss has
developed the saturometer, a device based upon a thin-wall
silicone rubber tube that is permeable to gases but impermeable
to water. Gases pass from the water through the tube, thus

raising the internal gas pressure which is measured by a



manometer or pressure gauge connected to the tube (NAS, 1974).
This method alone does not separate the total gas pressure iInto
the separate components, but Winkler oxygen determinations can be
run simultaneously, and gas concentrations can be calculated.
Total dissolved gas concentrations must be determined because
analysis of individual gases may not determine with certainty
that gas supersaturation exists. For example, water could be
highly supersaturated with oxygen, but 1f nitrogen were at less
than saturation, the saturation as measured by total gas pressure
might not exceed 100 percent. Also, iIf the water was highly
supersaturated with dissolved oxygen, the oxygen alone might be
sufficient to create gas pressures or tensions greater than the
Criterion limits, but one would not know the total gas pressure
or tension, or by how much the criterion was exceeded. The rare
and 1nert gases such as argon, neon and helium are not usually
involved In causing gas bubble disease as their contribution to
total gas pressures is very low. Dissolved nitrogen (v,), which
comprises roughly 80 percent of the =arth’s atmosphere, iIs nearly
inert biologically and is the most significant cause of gas
bubble disease in aquatic animals. Dissolved oxygen, which i1s
extremely bicactive, is consumed by the metabolic processes of
the organism and 1s less important In causing serious gas bubble

disease though 1t may be involved iIn initiating emboli formation

in the blood (Nebeker et al. 1975a).

Percent saturation of water containing a given amount of gas
varies with the absolute temperature and with the pressure.

Because of the pressure changes, percent saturation with a given

.




amount of gas changes with depth of the water. Gas
supersaturation decreases by 10 percent per meter of Increase iIn
water depth because of hydrostatic pressure; a gas that is at 130
percent saturation at the surface would be at 100 percent
saturation at 3 msters' depth. Compensation €or altitude may be
needed because a reduction in atmospheric pressure changes the
watar/gas equilibria, resulting In changes in solubility of
dissolved gases.

There are several ways that total dissolved gas
supersaturation can occur:

1. Excessive biological activity--dissolved oxygen
concentrations often reach supersaturation because of excessive
algal photosynthesis. Renfro (i963) reported gas bubble disease
in fishes resulting, in part, fromalgal blooms. Algal blooms
often accompany an increase iIn water temperature and this higher
temperature further contributes to supersaturation.

2. Lindroff (1957) reported that water spillage at
hydropower dams caused supersaturation. When excess water is
spilled over the face of a dam it entrains air as it plunges to
the stilling or plunge pool atthebaseofthedam. Themomentum
of the fall carries the water and entrained gases to great depths
in the pool; and, under increased hydrostatic pressure, the
entrained gases are driven into solution, causing supersaturation
of dissolved gases.

3. Gas bubble disease may be iInduced by discharges from
power-generating and other thermal sources (Marcello 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 because of the reduced
solubility of gases at higher temperatures. Thus, the discharged
water becomes supersaturated with gases and fish or other
organisms living iIn the heated water may exhibit gas bubble
disease (Dziiont and Miller, 1972: Malouf et al. 1972; Keup,
1975).

In recent years, gas bubble disease has been i1dentified as a
major problem affecting valuable stocks of salmon and trout in
the Columbia River system (Rulifson and Abel, 1971). The disease
iIs caused by high concentrations of dissolved atmospheric gas
which enter the river®s water during heavy spilling at
hydroelectric dams. A report by Ebel et al. (1975) presents
results from field and laboratory studies on the lethal,
sublethal and physiological effects of gas on fish, depth
distribution of fish in the river (fish can compensate for some
high concentrations of gas by moving deeper into the water
column), detection and avoidance of gas concentrations by fish,
intermittent exposure of fish to gas concentrations, and
bioassays of many species of fish exposed to different
concentrations of gas. Several conclusions resulting from these
studies are:

1. When either juvenile or adult salmonids are confined to
shallow water (1m), substantial mortality occurs at and above
115 percent total dissolved gas saturation.

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
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levels (of total dissolved gases) exceed 120 percent saturation.

3. On the basis of survival estimates made iIn the Snake
River from 1966 to 1975, i1t 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 atmospheric gases during years of high flow.

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

5. Some species of salmon and trout can detect and avoid
supersaturated water; others may not.

6. Higher survival was "observed during periods of
intermittent exposure than during continuous exposure.

7. In general, In acute bioassays, salmon and trout were
less tolerant than the nonsalmonids.

Dawley and Ebel (1975) found that exposure of juvenile spring

chinook salmon, Oncorhynchus tshawytsekha, and steelhead trout,

Salmo gairdneri, to 120 percent saturation for 15 days resulted

in over 50 percent mortality; 100 percent mortality occurred in
less than 3 days. They also determined that the threshold level
where significant mortalities begin occurring is at 115 percent
nitrogen saturation (111 percent total gas saturation in this
test).

Rucker (1974), using juvenile coho salmon, Oncorhynchus

kisutch, determined the effect of individual ratios of oxygen and

nitrogen and established that a decrease in lethal effect

occurred when the nitrogen content fell below 109 percent



saturation even though total gas saturation remained at 119

percent saturation, indicating the importance of determining the
concentration of the individual components (0, and N,) of the
atmospheric supersaturation. Nebeker et al. (1976a), using
juvenile sockeye salmon, Oncorhynchus nerka, also showed that
there was a significant increase in fish mortality when the
nitrogen concentration was increased while holding the total
percent saturation constant. They also showed that there was no
significant difference in fish mortality at different co,
concentrations.

Research collected by Bouck et al. (1975) showed that gas
supersaturated water at and above 115 percent total gas
saturation i1s acutely lethal to most species of salmonids, with

120 percent saturation and above rapidly lethal to all salmonids

tested. Levels as low as 110 percent will produce emphysema iIn
most species. Steelhead trout were most sensitive to gas-

supersaturatsd water followed by sockeye salmon, Oncorhyncnus

nerka. Chinook salmon, Qncorhynchus xtfshawy*esk=, were

intermediate in sensitivity. Coho salmon, Oncorhyncnus Kisutch,

were significantly the more tolerant of the salmonids though
still much more susceptible than non-salmonids like bass or camp.

bapnetae magna exhibited a sensitivity to supersaturation
similar to that of the salmonids (Nebeker et al. 1975), with 115
percent saturation lethal within a few days. Stoneflies exhibited
an Intermediate sensitivity similar to bass with mortality at 130
percent saturation. Crayfish were very tolerant, with levels .

near 140 percent total gas saturation resulting in mortality.




No differences are proposed in the criteria €or freshwater
and marine aquatic life as the data available indicate that there
probably is little difference in overall tolerances between

marine and freshwater species.

The development of gas bubble disease in menhaden, Brevoortia

sp., and their tolerance to gas saturation in laboratory
bioassays and in the field (Pilgrim Nuclear Power Station
Discharge Canal) are discussed by Clay et al. (1975) and Marcello
et al. (1975). At 100 percent and 105 percent nitrogen
saturation, no gas bubbles developed externally or in any of the
internal organs of menhaden. At 105 percent nitrogen saturation,
however, certain behavioral changes became apparent. Fish
sloughed of€ mucus, swamerratically, were more excitable, and
became darker in color. Menhaden behavioral changes observed at
110 percent nitrogen saturation were similar to those noted at
108 percent. |In addition, at 110 percent gas emboli were found
in the intestines, the pyloric caeca, and occasionally the
operculum. The behavioral changes described were also observed
at 115 percent, and clearly defined subcutaneous emphysema was
observed inthe fins and occasionallyinthe eye. At 120 percent
and 130 percent nitrogen saturation, menhaden developed within a
few hours classic symptoms of gas bubble disease. Externally,
emboli were evident in all fins, the operculum and within the
oral cavity.

Exophthalmia also occurred and emboli developed in internal
organs. The bulbous arteriosis and swim bladder were severely
distended, and emboli were found along the length of the gill

arterioles, resulting in hemostasis. At water temperatures of 30
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©c, menhaden did not survive, regardless of gas saturation level. .

At water temperatures of 15 , 22 , and 25 °¢ 100 percent of the
menhaden died within 24 hours at 120 percent and 130 percent gas
saturation. Fifty percent died after 96 hours at 115 percent (22
°cy  Menhaden survival after 96 hours at 110 percent nitrogen
saturation ranged from 92 percent at 22° and 25° to 83 percent
at 15 °c. Observations on the relationship between the mortality
rate of menhaden and gas saturation levels at Pilgrim Station
during the April 1975, incident suggest that the fish may
tolerate somewhat higher gas saturation levels iIn nature.

It has been shown by Bouck et al. (1975) and Dawley et al.
(1975) that survival of salmon and steelhead smolts iIn seawater
is not affected by prior exposure to gas supersaturation while iIn

fresh water. No significant mortality of juvenile coho and

sockeye salmon occurred when they were exposed to sublethal
concentrations of supersaturated water and then transferred to

seawater (Nebeker et al. 1978h),

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX c FOR METHODOLQGY




GUTHION

CRITERION:

;01 ug/L For freshwater and marine aquatic life.

RATIONALE :

Ninety-six-hour LC50 values for fish exposed to the
organophosphorus pesticide guthion range from 4 to 4270 ug/L
(Katz, 1961: Pickering et al. 1962; Lahav and Sarig, 1969; Macek
et al. 1969; Macek and #ecallister, 1370). 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, Pimsphalss
promz=i==, exposed during a complete life cycle. An estimated
tsafe' long-term exposure concentration for fathead minnows lies
between 0.3 and 05 ug/L. survival of larvae was reduced at
approximately 0.7 ug/L,

An i1nvestigation of the persistence of guthion in Tish
revealed that 50 percent of the chemical was lost in less than
one week (Meyer, 1965). Analysis of plankton and pond water iIn
the same study indicated a 50 percent loss of guthion in about 43
hours. Flint 2t al. (1970) determined the half-life of guthion
at 30C 1n pond water and 1n a phosphate buffer protected from
light in the laboratory. The half-life 1n pond water was 1.2
days whereas that in the laboratory solution was 10 days. The
more rapid degradation In pond water was attributed to the effect
of sunlight and microorganisms.

Organophosphate pesticides are toxic because they inhibit the



enzyme acetylcholinesterase (AChE) which is essential to nerve
impulse conduction and transmission (Holland 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 (Pickeringet al. 1962; Weiss and Gakstatter, 1964;
Meyer, 1965). Weiss and Gakskatter (1964) found that over a 15-

day period bluegills, Lepaomis macrochirus: exhibited AChE

inhibition at 10 ug/L guthion but not at 0.1 ug/L. EXposure at
0.05 ug/L for 30 days also Tailed to produce inhibitionbelow the
range of normal variation, but the authors stated that it
appeared there was a downward trend in brain enzyme activity and
that 1t exposure was continued a definite reduction might
develop. Weiss (1961) found that about 30 days were required for
fathead minnow and blusgill brain AChE levels to recover after 8
to 24 hours exposure to 10 ug/L guthion.

Benke and Murphy (1974) showed that repetitive iInjection of
fish with guthion caused cumulative inhibition of brain AChE and
mortality. After substantial inhibition by guthion exposure, it
takes several weeks for brain AChE of fishes to return to normal
even though exposure is discontinued (Weiss, 1959, 1960; Carter,
1971). Inhibition of brain AChE of fishes by 46 percent or more
has been associated with harmful effects in exposures to there
organophosphate pesticides for a life cycle (Eaton, 1970) and for
shorter periods (Carter, 1971; Coppage and Duke, 1971; Coppage,
1972; Coppage and Matthews, 1974: Post and Lesasure, 1974; Coppage
et al. In press). In static tests, similar inhibition of AChE

and mortality were caused in the sheepshead minnow, Cyprinodon




varisgatus, in 2, 24, 48 and 72 hours at concentrations of 50, 7,
3.5 and 3 ug/L, respectively (Coppage, 1972). These data
indicate that reduction of brain achg activity of marine fishes
by 70 to 80 percent or more in short-term exposures to guthion
may be associated with some deaths.

There 1S no evidence to indicate that guthion would cause
adverse effects through the food chain. Tissue residue
accumulation for whole fish calculated from the data of Meyer
(1965) indicate no more than a twentyfold accumulation. LC50
toxicity values for birds are relatively high and range from 70
to 2,000 mg/kg (Tucker and Crabtree, 1970).

Ninety-six-hour LC50 values for aquatic iInvertebrates range
from 0.10 to 22.0 ug/L (Nebeker and Gaufin, 1964; Gaufin et al.
1965: Jensen and Gaufin, 1966: Sanders and Cope, 1968: Sanders,
1969, 1972). Sanders (1972) exposed the grass shrimp,

Paleomonetes kadiakensis to guthion iIn a continuous flow

bioassay for up to 20 days and found that the 5- and 20-day LC50
values were 1.2 and 0.16 ug/L, respectively. He found that the
amphipod, Gammarus fasciatuss was the most sensitive aquatic
organism tested, with a 96-hour LC50 of 0.10 ug/L. Jensen and
Gaufin (19s8), also using a continuous flow system, exposed two
species of stonsfly nailads In 4- and 30-day studies. They

observed 96-hour and 30-day LC50 values for Acroneuria pacifica

of 2.0 and 0.24 ug/L, respectively, whereas for p2tsronarcy

1}

californica the values were 4.6 and 13 ug/L, respectively.
Results of other toxicity studies on marine organisms have

been reported. The 24-hour LC50 for the white mullet, Mugil



curema, was found to be 55 ug/L guthion (Butler, 1963). The %5~
hour LC50 for the striped mullet, Mugil cephalus, was determined
by Lahav and Sarig (1969) to be 8 ug/L guthion. Portman (1972)
reported the 48-hour LC50 for the fish, Bleuronectes limanda, to

be 10 to 30 ug/L. The 48-hour LC50 for the European shrimp,

Cranqon_crangon, was found to be 0.33 ug/L guthion (Portman,

1972). Butler (1963) found that the 24-hour EC50 €or blue crab,
Callinectes sapidus, was 550 ug/L and the 48-hour EC50 €or pink

shrimp, Penaeus duorarum, was 44 ug/L guthion. The 48-hour TLm

was estimated to be 620 ug/L €or fertilized oyster eggs,

Crassostrea zirginisa, and 860 ug/L for fertilized clam eggs,

Mercenaria mercenaria (Davis and Hidu, 1989).

A criterion level of .01 ug/L for guthion is based upon use
of an 0.1 application factor applied to the 96-hour LC50 of 0.1
ug/L Ffor Gammarts and a similar value of 0.3 ug/L for the

European shrimp.

(EQUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY




HALOETHERS

CRITERIA:

Aquatic Life

The available data for haloethers indicate that acute and
chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 360 and 122 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested.

No saltwater organisms have been tested with any haloether
and therefore, no statement can be made concerning acute or

chronic toxicity.

Human Health

Using the present guidelines, a satisfactory criterion cannot

be derived at this time because of Insufficient available data

for haloethers.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



HALOMETHANES

CRITERIA:
Aquatic Life

The available data for halomethanes indicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low a 11,000 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of halomethanes to
sensitive freshwater aquatic life.

The available data for halomethanes indicate that acute and
chronic toxicity to saltwater aquatic life occurs at
concentrations as low as 12,000 and 6,400 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested. A decrease iIn algal cell numbers

occurs at concentrations as low as 11,500 ug/L.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to chloromethane,
bromomethane, dichloromethane, bromodichloromethane,
tribromomethane, dichlorodifluoromethane, trichlorofluoromethane,
or combinations of these chemicals through ingestion of
contaminated water and aquatic organisms, the ambient water
concentration should be zero, based on the nonthreshold
assumption for this chemical, However, zero level may not be
attainable at the present time. Therefore, thz levels which may

result in incremental increase of cancer risk over the lifetime



are estimated at 1072, 107% and 1077. The corresponding

recommended criteria are 1.9 ug/L, 0.19 ug/L, and 0.019 ug/L,

IT these estimates are made for consumption of
aquatic organisms only,

respectively.

excluding consumption of water, the

levels are 157 ug/L, 15.7 ug/L, and 1.5/ ug/L, respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



HARDNESS

INTRODUCTICON:

Water hardness i1s caused by the polyvalent metallic ions
disolved inwater. In freshwater these are primarily calcium
and magnesium although other metals such as 1ron, strontium and
manganese contribute to the extent that appreciable
concentrations are present. Hardness commonly is reported as an
equivalent concentration of calcium carborate (cacCo,).

The concept of hardness comes from water supply practice. It
I1s measured by soap requirements for adequate lather formation
and as an indicator of the rate of scale formation in hot water
heaters and low pressure boilers. A commonly used classification
is given in the following table (Sawyer, 1960).

TABLE 3.

Classification of Water by Hardness Content

cone. mg/L CaCOq Description
0O-75 soft
75 = 150 moderately hard
150 - 300 hard
300 and up very hard

Natural sources of hardness principally are limestones which
are dissolved by percolating rainwater made acid by dissolved
carbon dioxide. Industrial and industrially related sources
include the i1norganic chemical iIndustry and discharges from
operating and abandoned mines.

Hardness i1n fresh water frequently is distinguished in
carbonate and non-carbonate fractions. The carbonate fraction is

chemically equivalent to the bicarbonates present in water.



Since bicarbonates generally are measured as alkalinity, the

carbonate hardness usually 1s considered equal to the
alkalinity.

RATIONALE:

The determination of hardness In raw waters subsequently
treated and used for domz2stic water supplies is useful as a
parameter to characterize the total dissolved solids present and
for calculating dosages where lime-soda softening i1s practiced.
Because hardness concentrations in water have not been proven
health related, the final level achieved principally is a
function of economics. Since hardness in water can be removed
with treatment by such processes as lime-soda softening and

zeolite or ion exchange systems, a criterion for raw waters used

for public water supply is not practical.

The effects of hardness on freshwater fish and other aquatic
li1fe appear to be related to the i1ons causing the hardness rather
than hardness. Both the NTAC (1968) and NAS (1974) panels have
recommended against the use of the term hardness but suggest the
inclusion of the concentrations of the specific i1ons. This
procedure should avoid confusion in future studies but 1s not
helpful in evaluating previous studies. For most existing data,
it is difficult to determine whether toxicity ot various metal
1ons is reduced because of the formation of metallic hydroxides
and carbonates caused by the associated iIncreases in alkalinity,
or because of an antagonistic effect of one of the principal
cations contributing to hardness, =.3., calcium, or a combination

of both effects. Stiff (1971) presented a theory (without proof)



that if cupric ions were the toxic form of copper whereas copper
carbonate complexes were relatively non-toxic, then the observed
difference in toxicity of copper between hard and soft waters can
be explained by the difference in alkalinity rather than
hardness. Doudoroff and Katz (1953), in their review of the
literature on toxicity, presented data showing that increasing
calcium in particular reduced the toxicity of other heavy metals.
Under usual conditions in fresh water and assuming that other
bivalent metals behave similarly to copper, it is reasonable to
assume that both effects occur simultaneously and explain the
observed reduction of toxicity of metals in waters containing
carbonate hardness. The amount of reduced toxicity related to
hardness, as measured by a 40-hour LC50 for rainbow trout, has
been estimated to be about four times for copper and zinc when
the hardness was increased from 10 to 100 mg/L as CaC04 (NAS,
1974).

Limits on hardness for industrial uses are quite variable.
Table 4 lists maximum values that have been accepted by various
Industries as a source of raw water (NAS, 1974). Subsequent
treatment generally can reduce hardness to tolerable limits
although costs of such treatment are an important factor in
determining its desirability €or a particular water source.

Hardness is not a determination of concern for irrigation use
of water. The concentrations of the cations calcium and
magnesium, which comprise hardness, are important in determining
the exchangeable sodium in a given water. This particular

calculationwill be discussed under total dissolved solids rather



TABLE 4.

Maximum Hardness Levels Accepted
By Industry as a Raw Water Source*

Maximum Concentration

Industry mg/L as CacCO,
Electric utilities 5,000
Textile 120
Pulp and paper 475
Chemical 1,000
Petroleum 900
Primary metals 1,000

*“Requirements for final use within a process may be essentially
zero, which requires treatment for concentration reductions.



. than hardness.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



HEFTACHLOR

CRITERIA:
Aquatic Life

For heptachlor the criterion to protect freshwater aquatic
life as derived using the Guidelines iIs 0.0038 ug/L as a 24-hour
average, and the concentration should not exceed 0.52 ug/L at any
time.

For heptachlor the criterion to protect saltwater aquatic
life as derived using the Guidelines Is 0.0036 ug/L as a 24-hour
average, and the concentration should not exceed 0.053 ug/L at

any time.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to heptachlor through ingestion
of contaminated water and contaminated aquatic organisms, the
ambient water concentration should be zero, based on the non
threshold assumption for this chemical. However, zero level
may not be attainable at the present time. Therefore, the levels
which may result in incremental increase of cancer risk over the
lifetime are estimated at 10”2, 10”%, and 10~7. The
corresponding recommended criteria are 2.00 ng/L, 0.20 ng/L, and
0.020 ng/L, respectively. IT these estimates are made for
consumption of aquatic organisms only, excluding consumption of
water, the levels are 2.4 ng/L, 0.20 ng/L, and 0.020. ng/L,
respectively.

45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



HEXACHI.OROBUTADIENE

CRITERIA:
Aquatic Life

The available data for hexachlorobutadiene indicate
that acute and chronic toxicity to freshwater aquatic life
occur at concentrations as low as 90 and 9.3 ug/L, respectively,
and would occur at lower concentrations among species that are
more sensitive than those tested.

The available data for hexachlorobutadiene indicate that
acute toxicity to saltwater aquatic life occurs at concentrations
as low as 32 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of hexachlorobutadiene

to sensitive saltwater aquatic life.

Human Health

For the maximum protection of human health from the
potential carcinogenic effects of exposure to
hexachlorobutadiene through ingestion of contaminated water
and contaminated aquatic organisms, the ambient water
concentrations should be =zero, based on the nonthreshold
assumption for this chemical. However, zero level may not be
attainable at the present time. Therefore, the levels which may
result in incremental increase of cancer risk over the
lifetime "are estimated at 10”5, 107%, and 10~7. The
corresponding recommended criteria are 4.47 ug/L, 0.45
ug/L, and 0.045 ug/L, respectively. IT these estimates are

made Tfor consumption of aquatic organisms only, excluding



consumption of water, the levels are 500 ug/L, 50 ug/L, and 5.0

ug/L, respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



HEXACHLOROCYCLOHEXANE

CRITERIA:
Agquatic Life

Lindane

For lindane the criterion to protect freshwater aquatic life
as derived using the Guidelines is 0.080 ug/L as a 24-hour
average and the concentration should not exceed 2.0 ug/L at any
time.

For saltwater aquatic life the concentration of lindane
should not exceed 0.16 ug/L at any time. No data are available

concerning the chronic toxicity of lindane to sensitive saltwater

aquatic life.
BHC

The available data for a mixture of i1somers of BHC indicate
that acute toxicity to freshwater aquatic life occurs at
concentrations as low as 100 ug/L and would occur at lower
concentrations among species that are more sensitive than those
tested. No data are available concerning the chronic toxicity of
a mixture of isomers of BHC to sensitive freshwater aguatic life.

The available data for a mixture of isomers of BHC indicate
that acute toxicity to saltwater aquatic life occurs at
concentrations as low as 0.34 ug/L and would occur at lower
concentrations among species that are more sensitive than those
tested. No data are available concerning the chronic toxicity of

a mixture of isomers of BHC to sensitive saltwater aquatic life.



Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to hexachlorocyclohexane
through i1ngestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero, based
on the nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, the
levels which may result in incremental increase of cancer risk
over the lifetime are estimated at 107%, 10-6 ~ gnd 10~
7, The corresponding recommended criteria are 22 ng/L, 2.2
ng/L, and .22 ng/L, respectively. ITf these estimates are made
for consumption of aguatic organisms only, excluding consumption
of water, the levels are 74 ng/L, 7.4 ng/L, and .74 ng/L,

respectively.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to hexachlorocyclohexane
through ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero, based
on the nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, the
levels which may result in incremental increase of cancer risk
over the lifetime are estimated at 1073, 107%, and 1077.
The corresponding recommended criteria are 134 ng/L, 13.4 ng/L,
and 1.34 ng/L, respectively. |ITf these estimates are made for
consumption of aquatic organisms only, excluding consumption of

water, the levels are 450 ng/L, 45.0 ng/L, and 4.50 ng/L, .
respectively. |
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For the maximum protection of human health from the potential
carcinogenic effects due to exposure of z -
hexachlorocyclohexane through ingestion of contaminated water and
contaminated aquatic organisms, the ambient water concentrations
should be zero, based on the nonthreshold assumption for this
chemical. However, zero level may not be attainable at the
present time. Therefore, the levels which may result in
incremental iIncrease of cancer risk over the lifetime are
estimated at 1073, 107%, and 10~7. The corresponding
recommended criteria are 186 ng/L, 18.6 ng/L, and 1.8 ng/L,
respectively. IT these estimates are made for consumption of
aquatic organisms only, excluding consumption of water, the
levels are 625 ng/L, 62.5 ng/L, and 6.5 ng/L, respectively.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to technical-
hexachlorocyclohexane through ingestion of contaminated water
and contaminated aquatic organisms, the ambient water
concentrations should be zero, based on the nonthreshold
assumption for this chemical. However, zero level may not be
attainable at the present time. Therefore, the levels which may
result in incremental increase of cancer risk over the
lifetime are sstimated at 1072, 107%, and 1077. The
corresponding recommended criteria are 52 ng/L, 52 ng/L, and .52
ng/L, respectively. IT these estimates are made for consumption
of aquatic organisms only, excluding consumption of water, the

levels are 174 ng/L, 17.4 ng/L, and 1.74 ng/L, respectively.



Using the present guidelines, satisfactory criteria cannot be ‘
derived at this time for d- and e- hexachlorocyclohexane because

of insufficient available data.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



HEXACHLOROCYCLOPENTADIENE

CRITERIA:
Aquatic Life

The available data for hexachlorocyclopentadiene indicate
that acute and chronic toxicity to freshwater aquatic life occurs
at concentrations as low as 7.0 and 5.2 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested.

The available data for hexachlorocyclopentadiene
indicate that acute toxicity to saltwater aquatic life occurs
at concentrations as low as 7.0 ug/L and would occur at lower
concentrations among species that are more sensitive than those
tested. NoO data are available concerning the chronic toxicity of

hexachlorocyclopentadiene to sensitive saltwater aquatic life.

Human Health

For comparison purposes, two approaches were used to derive
criterion levels for hexachlorocyclopentadiene. Based on
available toxicity data, to protect public health the derived
level 1s 206 ug/L. Using available organoleptic data, to
control undersirable taste and odor quality of ambient water the
estimated level 1s 1 ug/L. It should be recognized that
organoleptic data have limitations as a basis for establishing
water quality criteria, and have no demonstrated relationship to

potential adverse human health effects.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



IRON

CRITERIA:

0.3 mg/L for domestic water supplies (welfare).
1.0 mg/L for freshwater aquatic life.

INTRODUCTION:

Iron is the fourth most abundant, by weight, of the elements
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 1t is a major constituent. Ilron in water may be
present in varying quantities dependent upon the geology of the
area and other chemical components of the waterway.

Iron i1s an essential trace element required by both plants
and animals. In some waters i1t may be a limiting factor for the
growth of algae and other plants; this is true especially in some
marl lakes where it is precipitated by the highly alkaline
conditions. It is a vital oxygen transport mechanism in the
blood of all vertebrate and some invertebrate animals.

The ferrous, or bivalent (Fe'H'), and the ferric, or trivalent

(Fettt, . . _
) irons, are the primary forms of concern in the aquatic

environment, although other forms may be in organic and inorganic
wastewater streams. The ferrous (Fe*%) form can persist in
waters void of dissolved oxygen and originates usually from
groundwaters or mines when these are pumped or drained. For
practical purposes the ferric (Fet++) form is insoluble. Iron
can exist in natural organometallic or humic compounds and
colloidal forms. Black or brown swamp waters may contain iron
concentrations of several mg/L in the presence or absence of

dissolved oxygen, but this iron form has little effect on aquatic



life.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY




1 SOPHORONE

CRITERIA:

Aguatic Life

The available data for isophorone 1iIndicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 117,000 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of isophorone to
sensitive freshwater aquatic life.

The available data for isophorone indicate that acute
toxicity to saltwater agquatic life occurs at concentrations as
low as 12,900 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of i1sophorone to

sensitive saltwater aquatic life.

Human Health

For the protection of human health from the toxic properties
of isophorone ingested through water and contaminated aquatic
organisms, the ambient water criterion is determined to be 5.2
mg/ L.

For the protection of human health from the toxic properties
of i1sophorone ingested through contaminated aquatic
organisms alone, the ambient water criterion is determined to
be 520 mg/L.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



LEAD
AQUATIC LIFE SUMMARY:

The acute toxicity of lead to several species of freshwater
animals has been shown to decrease as the hardness of water
increases. At a hardness of 50 mg/L the acute sensitivities of
10 species range from 142.5 ug/L for an amphipod to 235,900 ug/L
for a midge. Data on the chronic effects of lead on freshwater
animals are available for two fish and two invertebrate species.
The chronic toxicity of lead also decreases as hardness iIncreases
and the lowest and highest available chronic values (12.26 and
128.1 ug/L) are both for a cladoceran, but iIn soft and hard
water, respectively. Acute-chronic ratios are available for
three species and range from 18 to 62. Freshwater algae are
affected by concentrations of lead anove 500 ug/L, based on
data for four species. Bioconcentration factors are available
for four 1nvertebrate and two Fish species and range from 42 to
1,700.

Acute values are available for 13 saltwater animal species
and range from 315 ug/L for the mummichog to 27,000 ug/L for
the soft shell clam. A chronic toxicity test was conducted
with a mysid; unacceptable effects were observed at 37 ug/L but
not at 17 ug/L and the acute-chronic ratio for this species is
124_8. A species of macroalgae was affected at 20 ug/L.

Available bioconcentration factors range from 17.5 to 2,570.

NATIONAL CRITERIA:

The procedures described in the Guidelines for Deriving

Numerical National Water Quality Criteria for the Protection of



Aguatic Organisms and Their Uses iIndicate that, except possibly
where a locally iImportant species is very sensitive, freshwater
aquatic organisms and their uses should not be affected
unacceptably I1If the 4-day average concentration (inug/L) of lead
does not exceed the numerical value given by
e(1£ﬂ3[ln(hardness)3—4JKED more than once every 3 years on the
average and 1f the 1-hour average concentration (inug/L) does
not exceed the numerical value given.by (1.273[ln(hardness)]-
1.460) more than once every 3 years on the average. For example,
at hardnesses of 50, 100, and 200 mg/L as ¢aco, the 4-day average
concentrations of lead are 1.3, 3.2, and 7.7 ug/L, respectively,
and the 1-hour average concentrations are 34, 82, and 200 ug/L.
The procedures described in,the Guidelines iIndicate that,
except possibly where a locally important species Is very
sensitive, saltwater agquatic organisms and their uses should not
be affected unacceptably if the 4-day average concentration of
lead does not exceed 5.6 ug/L more than once every 3 years on
the average and 1t the 1-hour average concentration does not
exceed 140 ug/L more than once every three years on the average.
EPA believes that a measurement such as "acid-soluble” would
provide a more scientifically correct basis upon which to
establish criteria for metals. The criteriawere developed on
this basis. However, at this time, no EPA-approved methods for
such a measurement are available to implement the criteria
through the regulatory programs of the Agency and the States.

The Agency is considering development and approval of methods for

a measurement such as acid-soluble. Until available, however,

EPA recommends applying the criteria using the total recoverable



method. This has two impacts: (1) Certain species of some metals
cannot be analyzed directly because the total recoverable method
does not distinguish between individual oxidation states, and (2)
these criteria may be overly protective when based on the total
recoverable method.

The recommended exceedence frequency of 3 years is the
Agency's best scientific judgment of the average amount of time
itwill take an unstressed system to recover from a pollution
event in which exposure to lead exceeds the criterion. A
stressed system, for example, one in which several cutfalls occur
in a limited area, would be expected to require more time for
recovery. The resilience of ecosystems and their ability to
recover differ greatly, however,’ and site-specific criteria may
be established if adequate justification is provided.

The use of criteria in designing waste treatment facilities
requires the selection of an appropriate wasteload allocation
model. Dynamic models are preferred for the application of these
criteria. Limited data or other factors may make their use
impractical, in which case one should rely on a steady-state
model. The Agency recommends the interim use of 1Q5 or 1Qio for
Criterion Maximum Concentration design flow and 795 or 7910 for
the Criterion Continuous Concentration design flow in steady-
state models for unstressed and stressed systems, respectively.
These matters are discussed in more detail in the Technical
Support Document for Water Quality-Based Toxics Control (U.S.

EPA, 1985).



HuManN HEALTH CRITERIA:

The ambient water quality criterion for lead i1s recommended

to be i1dentical to the existing drinking water standard which is
50 ug/L. Analysis of the toxic effects data resulted iIn a
calculated level whic is protective to human health against the
ingestion of contaminated water and contaminated aquatic
organisms. The calculated value is comparable to the present
standard. For this reason a selective criterion based on
expoeure solzy from consumption of 6.5 grams of aquatic organisms

was not derived.

(45 F.R. 79318 Nov. 28,1980) (50 F.R. 30784, July 29, 1985)
SEE APPENDIX A FOR METHODOLOGY



MALATHION
CRITERION:

0.1 ug/L for freshwater and marine aquatic life.
RATIONALE:

The freshwater fish most sensitive to malathion, an
organophosphorus pesticide, appear to be the salmonids and
centrarchids. Post and Schroeder (1971) report a 96-hour LC50
between 120 and 265 ug/L for 4 species of salmonids. Macek and
Mecallister (1970) found a 96-hour LC50 range between 101 and 285
ug/L Ffor 3 species of centrarchids and 3 species of salmonids.
Other 96-hour Lc30's are: rainbow trout, Sedme gairdrisri, 68 ug/L

(Cope, 1965); largemouth bass, Micropterus =asimemide=s 50 ug/L

(Pickering et al. 1962); and chinook salmon, Oncorhynchus
tshawyzeseks, 23 ug/L (Katz, 1961). All of the above tests were
in static systems. Eaton (1970) determined a 96-hour LC50 for
bluegill, L2po=i= maereehdsus: in a Flow-through system atl110
ug/L, Macek and McAllister (1970) reported a similar 9s~hour
LC50 for the blusgill in a sStatic exposure. Static 96-hour L¢50s

of 120 and 160 ug/L were reported by Post and Schroeder (1971)

for brook trout, Salvelinus fontinalis. Bender (1969) indicated
that the acute toxicity to fathead minnows, Pimephates promelas,
is slightly greater (about 20 times) iIn a static system than iIn
a Tlow-through system. The flow-through acute toxicity to
fathead minnows reported by Mount and Stephan (1967) approximated

the static acute toxicity reported by Henderson and Pickering

. (1958) and Bender (1969).

g



Many aquatic invertebrates appear to be more sensitive than

fish to malathion. The 96-hour LC50 for Gammarus lacustris was

1.0 ug/L (Sanders, 1969); for Pteronarcella badiar 1.1 ug/L

(Sanders and Cope, 1968); and for Gammarus fasciatusr 0.76 ug/L

(Sanders, 1972). The 48-hour LC50 for Simocephalus serrulatus

was 3.5 ug/L and for Daphnia pulex, 1.8 ug/L (Sanders and Cope,

1966). Daplkrmtrx were immobilized in 50 hours in 0.9 ug/L
(Anderson, 1960). The 24-hour LC50s for two species of midge
larvae were 2.1 ug/L (Mulla and RKhasawinah, 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
aquatic organisms probably have not yet been tested; safe
concentrations for the most sensitive invertebrates exposed
through a complete life cycle have not been determined; and
effects of low concentrations on invertebrate behavior are
unknown.

The stability of malathion in water is dependent on the
chemical and biological conditions of the water (Paris et al.
1975). wWeiss and Gakstatter (1964) have shown that the half-life
of malathion was reduced from about 5 months at pH 6 to 1 to 2
weeks at pH 8. Eichelberger and Lichtenberg (1971) found that
only 10 percent remained in the Little Miami River {(pH 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 measured 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 acetylcholinesterase (AChE) inhibition (Coppage et
al. 1975). Similar inhibition of AChE and mortality were caused
in pinfish in 24, 48, and 72 hours'at measured concentrations of
142, 92 and 58 ug/L, respectively. A concentration of 31 ug/L
caused 34 percent ACE inhibition in pinfish but no deaths in 72
hours. Coppage and ¥Matthews (1974) demonstrated that death may
be associated with reductions of brain AChE activity of four
marine fishes by 70 to 80 percent or more in short-term exposures
to malathion. Coppage and Duke (1971) found that moribund

mullet, Mugil cephalus, in an estuary sprayed with malathion (3

oz./acre) during a large-scale mosquito control operation had
about 98 percent inhibition of brain AChE. This is In agreement
with 70 to 80 percent or more inhibition of brain ACht 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

during the spray operation (70 percent or more inhibition).
Toxicity studies have been made on a number of marine

animals. Eisler (1970) studied the 96-hour LC50 for several

marine fishes at 20 °C in static, aerated seawater. The 96-hour

Lcso values (in ug/L) were: Menidia menidia, 125: Mugil cephalus,

550; Fundulus majalis+ 250; Fundulus heteroclitus, 240;

Sphasroides pmraciHatngs 3250: Anaquilla egastratar 82; and

S ety . T — —

Thalassoma bifasciatum, 27. Katz (1961) reported the static 24-

hour LC50 for Gasterosteus aculeatus in 25 o/00 saltwater as 76.9

ug/L active ingredient. The 96-hour LC50 for striped bass,



Marone saxgti<43r in intermittent flowing seawater has been

reported as 14 ug/L (U.S. BSFW, 1970).

Reporting on studies of the toxicity of malathion on marine
invertebrates, Eisler (1969) found the 96~-hour LC50 (static, 24
o/o00 salinity aerated) to be 33 ug/L for sand shrimp, Crangon

septemspinosa; 82 ug/L for grass shrimp, Palaemonetes wutgaris,;

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 LC50 for
fertilized eggs of oysters was estimated by Davis and Hidu (1969)
to be 9.07 mg/L and the 14-day LC50 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 occurrence is
sporadic rather than continuous. Because the toxicity iIs exerted
through inhibition of AChE and because such inhibition may be
additive with repeated exposures and may be caused by any of the
organophosphorus insecticides, inhibition of AChtE by more than 35
percent may be expected to result in damage to aquatic organisms.
An application factor of 0.1 1s appliedto the 96-hour LC50

data for Gammarus lacustris, G_. fasciatis and Daphnia, which are

all approximately 1.0 ug/L, yielding a criterion of 0.1 ug/L.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



MANGANESE

CRITERIA:
50 ug/L for domestic water supplies (welfare):

100 ug/L For protection of consumers of marine molluscs.
INTRODUCTION:

Manganese does not occur naturally as a metal but is found iIn
various salts and minerals, frequently iIn association with iron
compounds. The principal manganese-containing substances are
manganese dioxide (¥n0,), pyrolusits, manganese carbonate
{rhodocrosite) and manganese silicate (rhodonite) The oxides
are the only important minerals mined. Manganese is not mined iIn
the United States except when manganese is contained In Iron ores
that are deliberately used to form ferro-manganese alloys.

The primary uses of manganese are iIn metal alloys, dry cell
batteries, micro-nutrient fertilizer additives, organic compounds
used in paint driers and as chemical reagents. Permanganates are
very strong oxidizing agents of organic materials.

Manganese i1s a vital micro-nutrient for both plants and
animals. When manganese iIs not present iIn sufficient quantities,
plants exhibit chlorosis (a yellowing of the leaves) or failure
of the leaves to develop properly. Inadequate quantities of
manganese In domestic animal food results in reduced reproductive
capabilities and deformed or poorly maturing young. Livestock
Teeds usually have sufficient manganese, but beef cattle on a

high corn diet may require a supplement.



RATIONALE:

Although i1nhaled manganese dusts have been reported to be
toxic to humans, manganese normally 1Is iIngested as a trace
nutrient In food. The average human intake IS approximately 10
mg/day (Sollman, 1957). Very large doses of i1ngested manganese
can cause some disease and liver damage but these are not known
to occur In the United States. Only a few manganese toxicity
problems have been found throughout the world and these have
occurred under unique circumstances, i.=., a well in Japan near a
deposit of buried batteries (McKee and Wolf, 1963).

IT is possible to partially sequester manganese with special
treatment but manganese i1s not removed in the conventional
treatment of domestic waters (Riddick et al. 1958: Illig, 1960).
Consumer complaints arise when manganese exceeds a concentration
of 150 ug/L In water supplies (Griffin, 1960). These complaints
are concerned primarily with the brownish staining of laundry and
objectionable tastes In beverages. It is possible that the
presence of low concentrations of iron may intensify the adverse
effects of manganese. Manganese at concentrations of about 10 to
20 ug/L 1S acceptable to most consumers. A criterion for
domestic water supplies of 50 ug/L should minimize the
objectionable qualities,

McKee and Wolf (1963) summarized data on toxicity of
manganese to freshwater aquatic life. lons of manganese are
found rarely at concentrations above 1 ng/L. The tolerance
values reported range from 15 wg/L to over 1000 mg/L. Thus,
manganese 1S not considered to be a problem in fresh waters.

Permanganateshavs b=en reportedtokill fish in2 to 18 hours at



concentrations of 22 to 4.1 mg/L, but permanganates are not
persistent because they rapidly oxidize organic materials and are
thereby reduced and rendered nontoxic.

Few data are available on the toxicity of manganese to marine
organisms. The ambient concentration of manganese is about 2 ug/L
(Fairbridge, 1966). The material is rapidly assimilated and
bioconcentrated into nodules that are deposited on the sea floor.
The major problem with manganese may be concentration in the
edible portions of molluscs, as bioaccumulation factors as high
as 12,000 have been reported (NAS, 1974). In order to protect
against a possible health hazard to humans by manganese
accumulation in shellfish, a criterion of 100 ug/L IS recommended
for marine water.

Manganese is not known to be a problem i: water consumed by
livestock. At concentrations of slightly less than 1 ng/L 1O a
few milligrams per liter, manganese nay be toxic to plants from
irrigation water applied to soils with pH valuss lower than 6.0.
The problem may be rectified by liming soils to increase the pH.
Problems may develop with long-term (20 year) continuous
irrigation on other soils with water containing about 10 mg/L oOf
manganese (NAS, 1974). But, as stated above, manganese is rarely
found in surface waters at concentrations greater than 1 mg/L.
Thus, no specific criterion for manganese in agricultural waters
iIs proposed. In select areas, and where acidopnilic crops ate
cultivated and i1rrigated, a criterion of 200 ug/L IS suggested

for consideration.



Most industrial users of water can operate successfully where

the criterion proposed for public water supplies is observed.

Examples of industrial tolerance of manganese in water are

summarized for industries such as dyeing, milk processing, paper,
textiles, photography and plastics (Mcke= and Wolf, 1963). A more

restrictive criterion may be needed to protect or ensure product
quality.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



*MERCURY

AQUATIC LIFE SUMMARY :

Data are available on the acute toxicity of mercury(II) ,to 28
genera of freshwater animals. Acute values for invertebrate
species range from 2.2 ug/L for Daphnia pulex to 2,000 ug/L for
three insects. Acute values for fishes range from 30 ug/L for
the guppy to 1,000 ug/L for the Mozambique tilapia. Few data are
available for various organomercury compounds and mercurous
nitrate, and they all appear to be 4 to 31times more acutely
toxic than mercury(II).

Available chronic data indicate that methylmercury is the
most chronically toxic of the tested mercury compounds. Tests oOn

methylmercury with Daphnia magna and brook trout produced chronic

values less than 0.07 ug/L. For mercury(II) the chronic value
obtained with B=aphnia wagps was about 1.1 ug/L and the acute-
chronic ratio was 4.5. In both a life-cycletest and an early
life-stage test on mercuric chloride with the fathead minnow, the
chronic value was less than 0.26 ug/L and the acute-chronic ratio
was over 600.

Freshwater plants show a wide range of sensitivities to
mercury, but the most sensitive plants appear to be less
sensitive than the most sensitive freshwater animals to both
mercury(II} and methylmercury. A bioconcentration factor of
4,994 is available for mercury(II), but the bioconcentration
factors for methylmercury range from 4,000 to 85,000.

*Indicates suspended, canceled or restricted by U.S. EPA
Office of Pesticides and Toxic Substances



Data on the acute toxicity of mercuric chloride are available
for 29 genera of saltwater animals, including annelids, molluscs,
crustaceans, echinoderms, and fishes. Acute values range from
35 ug/L For amysid to 1,678 ug/L for winter flounder. Fishes
tend to be more resistant and molluscs and crustaceans tend to be
more sensitive to the acute toxic effects of mercury(II).
Results of a life-cycle test with the mysid show that mercury(II)
at a concentration of 1.6 ug/L significantly affected time of
first spawn and productivity; the resulting acute-chronic ratio
was 3.1.

Concentrations of mercury that affected growth and
photosynthetic activity of one saltwater diatom and six species
of brown algae range from 10 to 160 ug/L. Bioconcentration
factors of 10,000 and 40,000 have been obtained for mercuric

chloride and methylmercury with an oyster.

NATIONAL CRITERIA:

Derivation of a water quality criterion for mercury is more
complex than for most metals because of methylation of mercury iIn
sediment, In fish, and 1In the food chain of fish. Apparently
almost all mercury currently being discharged Is mercury(Il),
Thus mercury(II) should be the only important possible cause of
acute toxicity and the Criterion Maximum Concentrations can be
based on the acute values for mercury(II).

The best available data concerning long-term exposure of fish
to mercury(II}y Indicates that concentrations above 0.23 ug/L
caused statistically significant effects on the fathead minnow

and caused the concentration of total mercury in the whole body



to exceed 1.0 mg/kg. Although it is not known what percent of
the mercury in the fishwas methylmercury, it is also not known
whether uptake from food would increase the concentration in the
fish in natural situations. Species such as rainbow trout, coho
salmon, and especially the bluegill, might suffer chronic effects
and accumulate high residues of mercury about the same as the
fathead minnow.

With regard to long-term exposure to methylmercury, McKim et
al. (1976) found that brook trout can exceed the FDA action level
without suffering statistically significant adverse effects on
survival, growth, or reproduction. Thus for methylmercury the
Final Residue Value would be substantially lower than the Final
Chronic Value.

Basing a freshwater criterion on the Final Residue Value of
0.012 ug/L derived from the bioconcentration factor of 81,700 for
methylmercury with the fathead minnow (Olson et al. 1975)
essentially assumes that all discharged mercury is methylmercury.
On the other hand, there is the possibility that in field
situations uptake from food might add to the uptake from water.
Similar considerations apply to the derivation of the saltwater
criterion of 0.025 ug/L using the BCF of 40,000 obtained for
methylmercury with the Eastern oyster (Kopfler, 1974). Because
the Final Residue Values for methylmercury are substantially
below the Final Chronic Values for mercury(I1), it i1s probably
not too important that many fishes, including the rainbow trout,
coho salmon, bluegill, and haddock might not be adequately

protected by the freshwater and saltwater Final Chronic Values

for mercury(IIl).



In contrast to all the complexities of deriving numerical
criteria for mercury, monitoring for unacceptable environmental
effects should be relatively straightforward. The most sensitive
adverse effect will probably be exceedence of the FDA action
level. Therefore, existing discharges should be acceptable iIf
the concentration of methylmercury in the edible portion of
exposed consumed species does not exceed the FDA action level.

The procedures described In the Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aguatic Organisms and Their Uses indicate that, except possibly
where a locally important species is very sensitive, freshwater
aquatic organisms and their uses should not be affected
unacceptably 1T the 4-day average concentration of mercury does
not exceed 0.012 ug/L more than once every 3 years on the average
and 1f the 1l-hour average concentration does not exceed 24 ug/L
more than once every 3 years on the average. |If the 4-day
average concentration exceeds 0.012 ug/L more than once ina 3-
year period, the edible portion of consumed species should be
analyzed to determine whether the concentration of methylmercury
exceeds the FDA action level.

The procedures described in the Guidelines indicate that,
except possibly where a localy important species 1Is very
sensitive, saltwater aqguatic organisms and their uses should not
be affected unacceptably 1T the 4-day average concentration of
mercury does not exceed 0.025 ug/L more than once every 3 years
on the average and if the 1-hour average concentration does not
exceed 2.1 ug/L more than once every 3 years on the average. |IT

the 4-day average concentration exceeds 0.025 ug/L more than once




in a 3-year period, the edible protion of consumed species should
be analyzed to determine whether the concentration of
mathylmercury exceeds the FDA action level.

EPA believes that a measurement such as "acid-soluble'" would
provide a more scientifically correct basis upon which to
establish criteria for metals. The criteria were developed on
this basis. However, atthis time, no EPA approved-methods for
such a measurement are available to implement the criteria
through the regulatory programs of the Agency and the States.
The Agency is considering development and approval of methods for
a measurement such as acid-soluble. Until available, however,
EPA recommends applying the criteria using the total recoverable
method. This has two impacts: (1) certain species of some metals
cannot be analyzed directly because the total recoverable method
does not distinguish between individual oxidation states, and (2)
these criteria may be overly protective when based on the total
recoverable method.

The recommended exceedence frequency of 3 years is the
Agency's best scientific judgment of the average amount of time
itwill take an unstressed system to recover from a pollution
event in which exposure to mercury exceeds the criterion. A
stressed system, for example, one in which several outfalls occur
in a limited area, would be expected to require more time for
recovery. The resilience of ecosystems and their ability to
recover differ greatly, however, and site-specific criteria may

be established if adequate justification is provided.



The use of criteria In designing waste treatment facilities
requires the selection of an appropriate wasteload z1 location
model. Dynamic models are preferred for the application of these
criteria. Limited data or other factors may make their use
impractical, in which case one should rely on a steady-state
model. The Agency recommends the interim use of 105 or 19Qlo for
Criterion Maximum Concentration design flow and 795 or 7Qlo for
the Criterion Continuous Concentration design flow In steady-
state models for unstressed and stressed systems respectively.
These matters are discussed in more detail in the Technical
Support Document for Water Quality-Based Toxics Control (u.s
EPA, 1985).

HUMAN HEALTH CRITERIA

f
For the protection of human health from the toxic properties

of mercury iIngested through water and contaminated aquatic
organisms, the ambient water criterion is determined to be 144
ng/L.

For the protection of human health from the toxic properties
of mercury ingested through contaminated aquatic organisms alone,
the ambient water criterion is determined to be 146 ng/L.

NOTE: These values include the consumption of freshwater,
estuarine, and marine species.

45 F.R. 79318 Nov. 28,1980) (50 F.R. 30784, July 29, 1985)
SEE APPENDIX A FOR METHODOLOGY

"‘



METHOXYCHICR

CRITERIA:

100 ug/L for domestic water supply (health);

0.03 ug/L for freshwater and marine aquatic life.

RATIONALE :

The highest level of methoxychlor found to have minimal or no
long-term effects in man is 2.0 mg/kg of body weight/day (Lehman,
1965). Where adequate human data are available for corroboration
of the animal results, the total "safe" drinking water intake
level is assumed to be 17100 of the no-effect or minimal effect
level reported for the most sensitive animal tested, in this
case, man.

Applying the available data and based upon the assumptions
that 20 percent of the total intake of methoxychlor is from
drinking water, and that the average person weighs 70 kg and
consumes 2 liters of water per day, the formula for calculating a
criterion iIs 2.0 mg/kg X 0.2 x 70 kg X 1/100 X 1/2 = 0.14 mg/L.
A criterion level for domestic water supply of 100 ug/L 1is
recommended.

Few data: are available on acute and chronic effects of
methoxychlor on freshwater fish. Merna and Eisele (1973)
observed reduced hatchability of fathead minnow (Pimephales
promelas) embryos at 0.125 ug/L and lack of spawning at 20
ug/L. Yellow perch, Perca #Heawescens, exposed to 0.6 ug/L for 8
months exhibited reduced growth. The 36-hour LC50 concentration
was 7.5 and 22 ug/L for the fathead minnow and yellow perch,

respectively. Korn and Earnest (1374) obtained a 96-hour LC50



of 3.3 ug/L with juvenile stripped bass, Morone saxatidis:

exposed to methoxychlor in a flowing-water bioassay.
Sanders (1972) determined a 96-hour LC50 value of 0.5 ug/L

for the crayfish, Orconectes nais. Merna and Eisele (1973)

obtained a 96-hour LC50 value of 0.61 ug/L for the scud, Gammarus

pseudolimnaeus and 96-hour L¢s0's  ranging from 1.9 to 7.06 ug/L

for the crayfish, Orconectes nais: and three aquatic iInsect
larvae. [In 28-day =xposures, reduction in emergence of mayflies,

Stenonema sp., and In pupation of caddisf lies, Cheumatospsyche

sp., were observed at 0.5 and 0.25 ug/L concentrations,
respectively. They also found methoxychlor to be degraded in a
few weeks or less iIn natural waters.

Eisele (1974) conducted a study in which a section of a
natural stream was dosed at 0.2 ug/L methoxychlor for 1 year.
reductions in populations of other sensitive species, as well as
biomass, were observed. Residue accumulation of up to 1,000

times the level 1In the stream was observed in first-year

crayfish, Orconectes nais. i#M=stcalf <t 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
bloaccumlative in aquatic organisms than some of the other
chlorinated pesticides.

Methoxyhlor has a very low accumulation rate in birds and
mammals (Stickel, 1¢73), and relatively low avian (Heath et al.
1972) and mammalian (Hodge et al. 1950) toxicities. No

administrative guidelines for acceptable levels iIn edible fTish




tissues have been established by the U.S. Food and Drug
Administration.

The above data indicate that 0.1 ug/L methoxychlor would be
jJjust below chronic effect level for the fathead minnow and one-
Tifth the acute toxicity level In a crayfish species. Therefore,
a criterion level of 0.03 ug/L IS recommended. This criterion
should protect fish as sensitive as striped bass and is 10 times
lower than the level causing effects on some iInvertebrate
populations in a l-year dosing of a natural stream.

Bahner and w¥immoe (1974) found the 96-hour LC50 of
methoxychlor for the pink shrimp, Penaeus duararum to be 35
ug/L and the 30-day LC50 to be 1.3 ug/L. Using an application
factor of 0.01 with the pink shrimp's acute toxicity of 35
ug /L, the recommended criterion for the marine environment iIs

0.3 ug/L,

Butler (1971) found accumulation factors of 470 and 1,500 for

the molluscs, Marcanaria marcanaria and Mya arenaria,
respectively, when exposed to 1 ug/L methoxychlor for 5 days.
Using the 1,500 accumulation factor as a basis, a water
concentration of 0.2 ug/L would be required to meet the u.s. Food
and Drug administration's guideline for methoxychlor iIn meat
products. Thus, the recommended marine criterion of 0.08 ug/L 1S

an order of magnitude lower than this concentration.

QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



MIREX

CRITERION:

0.001 ug/L for freshwater and marine aquatic life.

RATIONAL??.:

Mirex is used to control the imported fire ant Solenopsis

saevissima ricnteri 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, 14.1 percent soybean oil and 85 percent corncob
grits. The mirex bait often is applied at a rate of 1.4 kg/ha,
equivalent to 42 grams of toxicant per hectare.

Relatively few studies have been made of the effects of mirex
on freshwater invertebrates og yhrdr, only Dudke et al. (1971)
report chemical analyses of mirex in the water. Their study
reported effects on two crayfish species exposed to mirex by
three techniques. First, field-collected crayfish were exposed
to several sublethal concentrations of technical grade mirex
solutions €or various periods of time; second, crayfish were
exposed to mirex leached from bait (0.3 percent active
ingredient); 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 clean water and observed for
10 days. After 5 days in clean water, 95 percent of the animals
exposed to 1 ug/L for 14 hours were dead. Exposure to 5 ug/L for
6, 24, and 58 hours resulted in 26, 50, and 98 percent mortality

10 days after transfer to clean water. Crayfish, Procambarus




aayvi, were exposed to 0.1 and 05 ug/L for 48 hours. Four days
after transfer to clean water, 65 percent of the animals exposed
to 0.1 ug/L were dead. At the 0.5 ug/L concentration, 71
percent of the animals were dead after 4 days in clean water.
Tissue residue accumulations (wet weight basis) ranged from ¢4o0-
to 27,210-fold above water concentrations. In leached bait
experiments, 10 bait particles were placed 1n 2 liters of water
., but isolated from 20 juvenile crayfish. Thirty percent of the
crayfish were dead i1n 4 days and 95 percent were dead 1n 7 days.
Water analysis indicated mirex concentrations 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. 1n another experiment,
all crayfish were dead 4 days after having been fed 2 bait
particles each. From this report it Is obvious that mirex is
extremely toxic to these species of crayfish. Mortality and
accumulation increases with time of exposure to the insecticide.
Concentrations as low as 01 ug/L 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 ©3 percent
mirex) at the standard rate @.4 kg/haj} iIn four ponds containing

channel catfish, Ictalurus punctatus. Three applications were

made over an 3-montn period with the first application 8 days
after fingerling (averageweight 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 were
measured and weighed, and the percent survival was calculated.
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. (1988) exposed bluegills,

lepomis macrochirus, and the goldfish, Carassius auratus, to

mirex by feeding a mirex-treated diet (4, 3, and 5 ng mirex per

kg body weight) or by treating holding ponds with mirex bait

(1.3, 100, and 1000 ug/L computed water concentration). They

reported no mortality or tissue pathology for the bluegills;

however, after 58 days of exposure, gill breakdown in goldfish

‘ was found in the 100 and 1000 ug/L contact exposure ponds, and

kidney breakdown was occurring 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.

In laboratory and field test systems, reported concentrations

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 aquatic 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 the estuary animals

and that accumulation, especially in predators, occurred. In the

test area, water supplies consistently were less than 0.01 ug/L.



Residues in fish varied from non-detectableto 0.8 ug/g with 15
percent of the samples containing residues. The amount of mirex
and the percent of samples containing mirex increased at higher
trophic levels. Fifty-four percent of the raccoons sampled
contained mirex residues up to 4.4 ug/g and 78 percent of the
birds contained residues up to 17 ug/g. Navgi and de |la Cruz
(1973) reported average residues for molluscs (0.15 ug/g), fish
(0.26 ug/g), Iinsects (0.29 ug/g), crustaceans (0.44 ug/g) and
annelids (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 environment. Wolfe and Norment (1973) sampled
an area for one year following an aerial application of mirex
bait (2.1 g mirex/ha). Crayfish residues ranged from 0.04 to
0.16 ug/g. Fish residues were about 2 to 20times greater than
the controls and averaged from 0.01 to 0.78 ug/g. Kaiser (1974),
reported the presence of rnirex in fish from the Bay of Quinte,
Lake Ontario, Canada. Concentrations range from 0.02 ug/g in

the gonads of the northern long nose gar, Lepistosteus osseus, to

0.05 ug/g in the areal fin of the northern pike, Esox lucius.
Mirex has never been registered for use in Canada.

Mirex does not appear to be greatly toxic to birds, with
Lcso's for the young of four species ranging from 547 to greater
than 1667 ug/g (Heath et al. 1972). Long-term dietary dosages
caused no adverse effectat3ug/gwithmallards and13 ug/g with
pheasants (Heath and Spann, 1973). However, it has been reported
(Stoke et al. 1978) that the persistence of mirex in bird tissue

exceeds that of all organochlorine compounds tested except for



DDE. Delayed mortality occurred among birds subjected to doses
above expected environmental concentration.

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. Bioaccumulation IS well established for a wide
variety of organisms but the effect of this bioaccumulation on
the aquatic ecosystem is unknown. There Is evidence that mirex
IS very persistent in bird tissue. Considering the extreme
toxicity and potential for bioaccumulation, every effort should
be made to keep mirex bait particles out of water containing
aquatic organisms and water concentrations should not exceed
0.001L ug/L mirex. This value is based upon an application factor
of 0.01 applied to the lowest levels at which effects on crayfish
have been observed.

Data upon which to base a marine criterion involve several
estuarine and marine crustaceans. A concentration of 0.1 ug/L

technical grade mirex In flowing seawater was lethal to juvenile

pink shrimp, Penaeus durorarum, in a 3-week exposure (Lowe et al.
1971). In static tests with larval stages (megalopal) of the mud

crab, Rhithropanopeus harrisii, reduced survival was observed in

0.1 ug/L mirex (Bookhout et al. 1972). In three of four 28-day
seasonal flow-through experiments, Tagatz et al. (1975) found

reduced survival of Caldinectes sapidus, Penaeus durorarum, and

grass shrimp, 2alasmonstss ~US&, at levels of 0.12 ug/L in

summer, 0.06 ug/L 1In fall and 0.09 ug/L 1In winter.
Since two reports, Lows et al. (1971) and Bookhout et al.

(1972), stated that effects of mirex on estuarine and marine



crustaceans were observed only after considerable time had
elapsed, 1t seems reasonable that length of exposure is an
important consideration €or this chemical. This may not be the
case in fresh water since the crayfish were affected within 48
hours. Therefore, a 3- to 4-week exposure might be considered
*acute" and by applying an application factor of 0.01 to a
reasonable average of toxic-effect levels as summarized above, a

recommended marine criterion of 0.001 ug/L results.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



NAPHTHALENE

CRITERIA:

Aguatic Life

The available data for naphthalene indicate that acute and
chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 2,300 and 620 ug/L, respectively, and
woulld occur at lower concentrations among species that are more
sensitive than those tested.

The available data for naphthalene iIndicate that acute
toxicity to saltwater aquatic 1ife occurs at concentrations as
low as 2,350 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are

available concerning the chronic toxicity of naphthalene to
sensitive saltwater aguatic life.

Human Health

Using the present guidelines, a satisfactory criterion cannot
be derived at this time because of insufficient available data

for naphthalene.

45 F.R. 79318, November 28, 1980)
EE APPENDIX B FOR METHODOLOGY



NICKEL
CRITERIA:

Agquatic Life

For total recoverable nickel the criterion (in ug/1) to
protect freshwater aquatic life as derived using the Guidelines
is the numerical value given by .(0.76[1ln(hardness)]+1.06) as a
24-hour average, and the concentration (in ug/L) should not
exceed the numerical value given by _(0.76[1n (hardness)]+4.02)
at any time. For example, at hardnesses of 50, 100, and 200 mg/L
as caco® the criteria are 56, 96, and 160 ug/L, respectively, as
24-hour averages, and the concentrations should not 'exceed 1,100,
1,800, and 3,100 ug/L, respectively, at any time.

For total recoverable nickel the criterion to protect
saltwater aquatic life as derived using the Guidelines is 7.1
ug/L as a 24-hour average, and the concentration should not

exceed 140 ug/L at any time.

Human Health

For the protection of human health from the toxic properties
of nickel ingested through water and contaminated aquatic
organisms, the ambient water criterion is determined to be 632
ug/L.

For the protection of human health from the toxic properties
of nickel ingested through contaminated aquatic organisms
alone, the ambient water criterion is determined to be 4.77

ng/L.

45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



NITRATES/NITRITES

CRITERION:

10 mg/L nitrate nitrogen (N) for
domestic water supply (health).

INTRODUCTION:

Two gases (molecular nitrogen 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 ion either 1S released from proteinaceous organic matter
and urea, or is synthesized in industrial processes involving
atmospheric nitrogen fixation. Thenitrite ion is formed from
the nitrate or the ammonium ions by certain microorganisms found
in soil, water, sewage, and the digestive tract. The nitrate ion
is formed by the complete oxidation of ammonium ions by soil or
water microorganisms; nitrite is an intermediate product of this
nitrification process. In oxygenated natural water systems
nitrite is rapidly oxidized to nitrate. Growing plants
assimilate nitrate or ammonium ions and convert them to protein.
A process known as denitrification takes place when nitrate-
containing soils become anaerobic and the conversion to nitrite,
molecular nitrogen, or nitrous oxide occurs. Ammonium ions may
also be produced in some circumstances.

Among the major point sources of nitrogen entry into water
bodies are municipal and industrial wastewaters, septic tanks,
and feed lot discharges. Diffuse sources of nitrogen include

farm-site fertilizer and animal wastes, lawn fertilizer, leachate



from waste disposal iIn dumps or sanitary landfills, atmospheric
fallout, nitric oxide and nitrite discharges from automobile
exhausts and other combustion processes, and losses from natural
sources such as mineralization of soil organic matter (NAS,
1972). Water reuse systems in some Tish hatcheries employ a
nitrification process for ammonia reduction; this may result in
exposure of the hatchery fish to elevated levels of nitrite
(Russo et al. 1974).

RATIONALE :

In quantities normally found in food or feed, nitrates become
toxic only under conditions in which they are, or may be, reduced
to nitrites. Otherwise, at ‘rsasonable’ concentration nitrates
are rapidly excreted in the urine. High iIntake of nitrates
constitutes a hazard primaril§ to warmblooded animals under
conditions that are favorable to reduction to nitrite. Under
certain circumstances, nitrate can be reduced to nitrite i1n the
gastrointestinal tract which then reaches the bloodstream and
reacts directly with hemoglobin to produce methemoglobin,
consequently impairing transport.

The reaction of nitrite with hemoglobin can be hazardous in
infants under 3 months of age, Serious and occasionally fatal
poisonings iIn 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 (Harmesonet
al. 1971). Approximately 2,000 cases of infant methemoglobinemia
have been reported in Europe and North America since 1945; 7 to
8 percent of the affected i1Infants died (Walton, 1951;
Sattelmacher, 1962). Many iInfants have drunk water in which the
nitrate nitrogen content was greater than 10 wng/L without
developing methemoglobinemia. Many public water supplies In the
United States contain levels that routinely exceed this amount,
but only one U.s. case of infant methemoglobinemia associated
with a public water supply has ever been reported (Virgil et al.
1965). The differences in susceptibility to methemoglobinemia
are not yet understood but appear to be related to a combination
of factors including nitrate concentration, sntsric bacteria, and
the lower acidity characteristic of the digestive systems of baby
mammals. Methemoglobinemia systems and other toxic effects were
observed when high nitrate well waters containing pathogenic
bacteria were fed to laboratory mammals (Wolffet 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
physiological effects at nitrate concentrations below 10 ng/L
nitrate nitrogen, this level is the criterion for domestic water

supplies. Waters with nitrite nitrogen concentrations over 1



mg/L should not be used for iInfant feeding. Waters with a
significant nitrite concentration usually would be heavily
polluted and probably bacteriologically unacceptable.

westin (1974) determined that the respective 86-hour and 7-

day LC50 values for chinook salmon, Oncorhynchus tshawytscha,

were 1,310 and 1,080 mg/L nitrate nitrogen in fresh water and
990 and 900 mg/L nitrate nitrogen In 15¢/0c salinewater. For

fingerling rainbow trout, Salmo gairdnsri, the respective $s-hour

and 7-day LC50 values were 1,360 and 1,060 mg/L nitrate nitrogen
in fresh water, and 1,050 and 900 ng/L nitrate nitrogen In 15

o/00 saline water. Trama (1954) reported that the 9§-nour LC50

for bluegills, Lepamis maereckirws, at 20°C was 2,000 mg/L

nitrate nitrogen (sodium nitrate) and 420 mg/L nitrate nitrogen
(potassium nitrate). Knepp and arkin (1973) observed that

largemouth bass, Micropterus salmoides, and channel catfish,

Ictalurus punctatus, could be maintained at concentrations up to

400 mg/L nitrate (90 mg/L nitrate nitrogen) without significant
effect upon their growth and feeding activities.

The 96-hour and 7-day LC50 values for chinook salmon,
Qncorhynchus tshawytscha, were found to be 0.9 and 0.7 mg/L
nitrite nitrogen in fresh water (westin, 1974). Smith and
Williams (1974) tested the effects of nitrite nitrogen and

observed that yearling rainbow trout, Salmo gairdnari, suffered a

55 percent mortality after 24 hours at 0.55 mng/L; Ffingerling
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, PRhoxinus laevis, that
suffered a 50 percent mortality within 1.5 hours of exposure to
2,030 mg/L nitrite nitrogen, but required 14 days of exposure

€or mortality to occur at 10 mg/L (Klingler, 1957), and carp,

Cyprinus carpie, when raised in a water reuse system, tolerated
up to 1.8 mg/L nitrite nitrogen (Saeki, 1965).
Gilbette, et al. (1952) observed that the critical range for

creek chub, Semotilus atromaculatus, was 80 to 400 mg/L nitrite

nitrogen. Wallen et al. (1957) reported a 24-hour LC50 of 1.6
mg/L nitrite nitrogen, and 48- and 96-hour LC50 values of 1.5

mg/L nitrite nitrogen for mosquitofish, Gambusia affinis. McCoy

(1972) tested the nitrite susceptibility of 13 fish species and
found that logperch, Percina gcap==42==+ were the most sensitive
species tested (mortality at 5 mg/L nitrite nitrogen in less

than 3 hours of exposure) whereas carp, Cyprinus carpio, and

black bullheads, Jlctalurus melasr survived 40 mg/L nitrite
nitrogen €or a 48-hour exposure period; the common white sucker,

Catostomus eamwmersam: and the quillback, Carpiodes c¢cyprinus,

survived 100 mg/L for 48 and 36 hours, respectively.

Russo et al. (1974) performed flow-through nitrite bioassays
in hard water (hardness = 199 mg/L CaC0O5; alkalinity =176 mg/L

CaCO,; pH = 7.9) on rainbow trout, Salmo gairdneri, of four

different sizes, and obtained 96-hour LC50 values ranging from
0.19 to 0.39 mg/L nitrite nitrogen. Duplicate bioassays on 12-

gram rainbow trout were continued long enough for their toxicity



curves to level off, and asymptotic LC50 concentrations of
0.14 and 0.15 mg/L were reached in 8 days; on day 19, additional
mortalities occurred. For 2-gram rainbow trout, the minimum
tested level of nitrite nitrogen at which no mortalities were
observed after 10 days was 0.14 mg/L; for the 235-gram trout, the
minimum level with no mortality after 10 days was 0.06 mg/L.

It is concluded that (1)levels of nitrate nitrogen at or
below 90 mg/L would have no adverse effects on warmwater fish
(Knepp and Arkin, 1973); (2) nitrite nitrogen at or below 5 mg/L
should be protective of most warmwater fish (McCoy, 1972); and
(3) nitrite nitrogen at or below 0.06 mg/L should be protective
of salmonid fishes (Russo et al. 1974; Russo and Thurston,
1975). These levels either ar(? 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 coldwater fish could

rarely occur in nature, restrictive criteria are not recommended.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



NITROBENZENE

CRITERIA:
Aquatic Life

The available data for nitrobenzene iIndicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 27,000 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No definitive
data are available concerning the chronic toxicity of
nitrobenzene to sensitive freshwater aquatic life.

The available data fTor nitrobenzene iIndicate that
acute toxicity to saltwater aquatic life occurs at
concentrations as low as 6,680 ug/L and would occur at lower
concentrations among species that are more sensitive than those
tested. No definitive data are available concerning the chronic
toxicity of nitrobenzene to sensitive saltwater aquatic life.

Human Health

For comparison purposes, two approaches were used to derive
criterion levels for nitrobenzene. Based on available toxicity
data, to protect public health the derived level i1s 19.8 ng/L.
Using available organoleptic data, to control undesirable taste
and odor qualities of ambient water the estimated level 1s 30
g/ L, It should be recognized that organoleptic data have
limitations as a basis for establishing a water quality
criterion, and have no demonstrated relationship to potential
adverse human health effects.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY

NOTE: The US. EPA is cutr@ntﬂ¥ developing Acceptable Daily
Intake (ADI) or Verified Reference Dose (rf0) values for
Agency-wide use for this chemical. The new value should



be substituted when it becomes available. The January, |
1986, draft Verified Reference Dose document cites an RfD
of .0005 mg/kg/day for nitrobenzene.



NITROPHENOLS

CRITERIA:
Aguatic Life

The available data for nitrophenols indicate that acute
toxicity to freshwater aguatic life occurs at concentrations as
low as 230 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of nitrophenols to
sensitive freshwater aquatic life but toxicity to one species of
algae occurs at concentrations as low as 150 ug/L.

The available data for nitrophenols indicate that acute
toxicity to saltwater aquatic life occurs at concentrations as
low as 4,850 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of nitrophenols to

sensitive saltwater aguatic life.

Human Health

Because of insufficient available data for mono- and
trinitrophenols, satisfactory criteria cannot be derived at this
time, using the present guidelines.

For the protection of human health from the toxic properties
of dinitrophenols and 2,4-dinitro-o-cresol Ingested through
water and contaminated aquatic organisms, the ambient water
criteria are determined to be 70 ug/L and 13.4 ug/L, respectively.

For the protection of human health from the toxic properties
of dinitrophenols and z,4-dinitro-o-cresol ingested through

contaminated aquatic organisms alone, the ambient water criteria



are determined to be 14.3 mg/L and 765 ug/L, respectively. .

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY




NITROSAMINES

CRITERIA:

Agquatic Life

The available data for nitrosamines indicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 5,850 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of nitrosamines to
sensitive freshwater aquatic life.

The available data for nitrosamines indicate that acute
toxicity to saltwater aquatic life occurs at concentrations as
low as 3,300,000 ug/L and would occur at lower concentrations
among species that are more sensitive than those tested. No data
are available concerning the chronic toxicity of nitrosamines to

sensitive saltwater aquatic life.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to N-nitrosodiethylamine and all
other nitrosamines except those listed below, through ingestion
of contaminated water and contaminated aquatic organisms, the
ambient water concentrations should be zero, based on the non
threshold assumption for this chemical. However, zero level may
not be attainable at the present time. Thersfore, the levels
which may result in incremental increase of cancer risk over the
lifetime are estimated at 10°%, 107%, and 107 7. The
corresponding recommended criteria are 8.0 ng/L, 0.8 ng/L, and

0.08 ng/L, respectively. IT these estimates are made for



consumption of aquatic organisms only, excluding consumption of
water, the levels are 12,400 ng/L, 1,240 ng/L, and 124 ng/L,
respectively.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to N-nitrosodimethylamine
through ingestion of contaminated water and contaminated
aquatic organisms, the ambient water concentrations should be
zero, based on the nonthreshold assumption for this chemical.
However, zero level may not be attainable at the present time.
Therefore, the levels which may result in incremental Increase of
cancer risk over the lifetime are estimated at 1072, 10-
6, and 1077 The corresponding recommended criteria are 14
ng/L, 14 ng/L, and 0.14 ng/L, respectively. If these estimates
are made for consumption of aquatic organisms only, excluding
consumption of water, the levels are 160,000ng/L, 16,000ng/L,
and 1,600 ng/L, respectively.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to N-nitrosodibutylamine through
ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero,
based on the nonthreshold assumption for this chemical.
However, zero level may not be attainable at the present time.
Therefore, the levels which may result in incremental increase of

cancer risk over the lifetime are estimated at 107% 10-

’

6, and 1077, The corresponding recommended criteria are 64
ng/L, 6.4 ng/L, and 0.64 ng/L, respectively. If these
estimates are made for consumption of aquatic organisms only,

excluding consumption of water, the levels are 5,868 ng/L, 587



ng/L, and 58.7 ng/L, respectively.

For the maximum protection ot human health from the potential
carcinogenic effects of exposure to N-nitrosopyrrolidine through
ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero based
on the nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, the
levels which may result in incremental increase of cancer risk
over the lifetime are estimated at 1072, 1075, and 1077,
The corresponding recommended criteria are 160 ng/L, 16 ng/L, and
16 ng/L, respectively. |If these estimates are made for
consumption of aquatic organisms only, excluding consumption of
water, the levels are 919,000 ng/L, 91,900 ng/L, and 9,190 ng/L,
respectively.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to N-nitrosodiphenylamine
through ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero,
based on the nonthreshold assumption for this chemical.
However, zero level may nst be attainable at the present time.
Therefore, the levels which may result In incremental increase
of cancer risk over the lifetime are estimated at 1072,
10"8, anda 1077. The corresponding recommended criteria are
49,000 ng/L, 4,900 ng/L, and 490 ng/L, respectively. IT these
estimates are made for consumption of aquatic organismsonly,

excluding consumption of water, the levels are 161,000

ng/L, 16,100 ng/L, and 1,610 ng/L, respectively.



(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



QlL 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 aquatic life:

() 0.01 of the lowest continuous Flow 96-hour
LC50 to several important freshwater and
marine species, each having a demonstrated
high susceptibility to oils and
petrochemicals.

(@ Levels of oils or petrochemicals iIn 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
an;mal 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
oil and grease is that these are not definitive chemical
categories, but include thousands of organic compounds with
varying physical, chemical, and toxicological properties. They
may be volatile or nonvolatile, soluble or insoluble, persistent

or easily degraded.

RATIONALE :

Field and laboratory evidence have demonstrated both acute

lethal toxicity and long-term sublethal toxicity of oils to

aquatic organisms. Events such as the Tampico Maru wreck of

1957 in Baja, California, (Diaz-Piferrer,1962), and the No. 2

fuel oil spill in West Falmouth, Massachusetts, iIn 1969



(Hampson and Sanders, 196%9), both of which 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 1969 {(Bugbee and
Walter, 1973) was reported to have caused immediate death to the
majority of freshwater invertebrates and 2,500 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 LC50 values for oil
and grease without specifying the product involved.
However, as the data in Table 6 show, the most susceptible
category of organisms, the marine larvae, appear t0 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 and do not lead to immediate death of
the organism. Disruption of such behavior apparently can result
from petroleum product concentrations as low as 10to 100 ug/L
(see Table 7).

Table 7 summarizes some of the sublethal toxicities for
various petroleum pollutants and aquatic species. In addition to
sublethal effects reported at the 10 to 100 ug/L level, 1t has
been shown that petroleum products can harm aquatic life at
concentrations as low as 1ug/L (Jacobson and Boylan, 1973).

Bioaccumulation of petroleum products presents two especially

important public health problems: (a)the tainting of edible,



aquatic species, and (2) the possibility of edible marine
organisms incorporating the high boiling, carcinogenic polycyclic
aromatics in their tissues. Nelson-Smith (1971) reported that
0.01L mg/L 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 1n animals and man
(such as 3,4-benzopyrene) occur in crude oil (Blumer, 1970). It
also has been shown that marine organisms are capable of
incorporating potentially carcinogenic compounds into their body
fat where the compounds remain unchanged (BRlumer, 1970).

Oil pollutants may also be iIncorporated into sediments.
There is evidence that once this occurs In the sediments below
the aerobic surface layer, petroleum oil can remain unchanged and
toxic for long periods, since its rate of bacterial degradation
is slow. For example, Blumer (1970) reported that No. 2 fuel
oil Incorporated Into the sediments after the West Falmouth spill
persisted for over a year, and even began spreading in the form
of oil-laden sediments to more distant areas that had remained
unpolluted immediately after the spill. The persistence of
unweathered oil within the sediment could have a long-term effect
on the structure of the benthic community or cause the demise of
specific sensitive important species. Moore et al. (1973)
reported concentrations of 5 mg/L Tfor the carcinogen 3, 4-
benzopyrene In marine sediments.

Mironov (1967) reported that 0.01 mg/L oil produced deformed
and mnactive flatfish larvae. Mironov (1970) also reported

inhibition or delay of cellular division in algae by oil



concentrations of 1074 to 107! mg/L. Jacobson and Boylan (1973)
reported a reduction In the chemotactic perception of food by the

snail, Nassarius aobsole*tw=sr at kerosene concentrations of 0.001

to 0.04 mg/L. Bellen et al. (1972) reported decreased survival
and fecundity In worms at concentrations of 0.01 to 10 mg/L of
detergent.

Because of the great variability In the toxic properties of
oil, 1t isdifficult to establish a numerical criterion which
would be applicable to all types of oil. Thus, an application
factor of 0.01 of the 96-hour LC50 as determined by using
continuous flow with a sensitive resident species should be
employed for individual petrochemical components.

There i1s a paucity of toxicological data on the ingestion of
the components of refinery wastewaters by humans or by test
animals. It is apparent that any tolerable health concentrations
for petroleum-derived substances far exceed the limits of taste
and odor. Since petroleum derivatives become organoleptically
objectionable at concentrations far below the human chronic
toxicity, it appears that hazards to humans will not arise from
drinking oil-polluted waters (Johns Hopkins univ., 1956; Mckee
and Wolf, 1963). Oils of animal or vegetable origin generally
are nontoxic to humans and aquatic life.

In view of the problem of petroleum oil 1ncorporation 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 important species or the




bottom community as a whole.

Petroleum and nonpetroleum oils share some similar physical
and chemical properties. Because they share common properties,
they may cause similar harmful effects in the aquatic
environment by forming a sheen, film, or discoloration on the
surface of the water. Like petroleum oils, nonpetroleum oils
may occur 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
tothe 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 because of lack of mobility; (b) lethal effects on fish
by coating epithelial surfaces of gills, thus preventing
respiration; (c) potential fishkills resulting from biochemical
oxygen demand: (&) asphyxiation of benthic life forms when
floating masses become engaged with surface debris and settle on
the bottom: and (e) adverse aesthetic effects of fouled
shorelines and beaches. These and other effects have been
documented in the uU.sS. Department of Health, Education and
Welfare report on o0il Spills Affecting the Minnesota and
Mississippi Rivers and the 1975 Proceedings of the Joint
Conference on Prevention and Control of 0i1 Spills.

Oils of animal or vegetable origin generally are chemically

nontoxic to humans or aquatic life; however, floating sheens of



such oils result in deleterious environmental effects described
in this criterion. Thus, 1t Is recommended that surface waters
shall be virtually free from floating nonpetroleum oils of
vegetable or animal origin. This same recommendation applies to
Tfloating oils of petroleum origin since they too may produce

similar effects.

QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY




DISSOLVED OXYGEN

NATIONAL CRITERIA:

The national criteria for ambient dissolved oxygen concentra-
tions for the protection of freshwater aquatic life are presented
in Table 1. The criteria are derived from the production impair-
ment estimates which are based primarily upon growth data and
information on temperature, disease, and pollutant stresses. The
average dissolved oxygen concentrations selected are values 0.5
mg/L above the slight production impairment values and repre-
sent values between no production impairment and slight
production impairment. Each criterion may thus be viewed as an
estimate of the threshold concentration below which detrimental
effects are expected.

Criteria for coldwater fish are intended to apply to waters
containing a population of one or more species in the family
Salmonidas {Bailey =zt al., 1970) or to waters containing other
coldwater or coolwater fish deemed by the user to be closer to
salmonids 1In sensitivity than to most warmwater species.
Although the acute lethal limit €or salmonids i1s at or below 3
mg/L, the coldwater minimum has been established at 4 wmg/L
because a significant proportion of the iInsect species common
to salmonid habitats are less tolerant of acute exposures to low
dissolved oxygen than are salmonids. Some coolwater species may
require more protection than that afforded by the other life
stage criteria for warmwater fish and it may be desirable to
protect sensitive coolwater species with the coldwater
criteria. Many states have more stringent dissolved oxygen

standards for cooler waters, waters that contain either



salmonids, nonsalmenid coolwater fish, or the sensitive centra-
chid, the smallmouth bas5 The warmwater criteria are necessary
to protect early life stages of warmwater fish as sensitive as
as channel catfish and to protect other life stages of fish as
sensitive as largemouth bass. Criteria for early life stages are
intended to apply only where and when these stages occur. These
criteria represent dissolved oxygen concentrations which EPA
believes provide a reasonable and adequate degree of protection
for freshwater aquatic life.

The criteria do not represent assured no-effect levels.
However, because the criteria represent worst case conditions
(i.e, for wasteload allocation and waste treatment plant design),
conditions will be better than the criteria nearly all of the
time at most sites. In situations where criteria conditions are
Just maintained for considerable periods the proposed criteria
represent some risk of production impairment. This Impairment
would depend on innumerable other factors. If slight production
impairment or a small but undefinable risk of moderate impairment
IS unacceptable, than one should use the "no production Impair-
nent” values given iIn the document as means and the "slight
production impairment" values as minima. The table which pre-
sents these concentrations iIs reproduced here as table 2.

The criteria do represent dissolved oxygen concentrations
believed to protect the more sensitive populations of organisms
against potentially damaging production impairment. The
dissolved oxygen concentrations in the criteria are intended to
be protective at typically high seasonal environmental tempera-

tures for the appropriate taxonomic and life stage classi-



¢

Table 1. Water gquality criteria for ambient dissolved oxygen

concentration.

Coldwater Criteria Warmwater Criteria

Early fife Other Life Earlysgife Other Life

Stagesi, Stages Stage Stages
30 Day Mean Nad 6.5 NA 5.5
7 Day Mean 9.5 (6.5) MA 6.0 NA
7 Day Mean NA 5.0 NA 4.0

MEnEmum

1 Day 8.0 (.0 4.0 5.0 3.0

Minimum %+°

These are water column concentrations recommended to achieve
the required intergravel dissolved oxygen concentrations
shown in parentheses. The 3 mg/L differential is discussed iIn
the criteria document. For species that have early life
stages exposed directly to the water column, the figures iIn
parentheses apply.

Includes all embryonic and larval stages and all juvenile
forms to 30-days following hatching.

3 NA (nhot applicable).

For highly manipulatable discharges, further restrictions
apply (see page 37)

All minima should be considered as instantaneous
concentrations to be achieved at all times.

fications, temperatures which are often higher than those used iIn
the research from which the criteria were generated, especially
for other than early life stages.

Where natural conditions alone create dissolved oxygen
concentrations less than 110 percent of the applicable criteria

means or minima or both, the minimum acceptable concentration iIs



90 percent of the natural concentration. These values are
similar to those presented graphically by Doudoroff and
Shumway (1970) and those calculated from Water Quality Criteria
1972 (Nas/NAE, 1973). Absolutely no anthropogenic dissolved
oxygen depression in the potentially lethal area below the
1-day minima should be allowed unless special care iIs taken to
ascertain the tolerance of resident species to low dissolved
oxygen.

1f daily cycles of dissolved oxygen are essentially
sinusoidal, a reasonable daily average i1s calculated from the
day's high and low dissolved oxygen values. A time-weighted
average may be required i1f the dissolved oxygen cycles are
decidedly non-sinusoidal. Determining the magnitude of daily
dissolved oxygen cycles requirss at least two appropriate-
ly timed measurements daily, and characterizing the shape of the
cycle requires several more appropriately spaced measurements.

Once a series of daily mean dissolved oxygen concentrations
are calculated, an average of these daily means can be calcu-
lated (Table 3. For embryonic, larval, and early life stages,
the averaging period should not exceed 7 days. This short time
IS needed to adequately protect these often short duration, most
sensitive life stages. Other life stages can probably be
adequately protected by 30-day averages. Regardless of the
averaging period, the average should be considered a moving

average rather than a calendar-week or calendar-month average.
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Table 2. Dissolved Oxygen Concentrations (mg/L) Versus
Quantitative Level of Effect.
1. 3almonid Waters
a. Embryo and Larval Stages
No Production Impairment = 11% (8)
Slight Production Impairment = 9% (6)
Moderate Production Impairment = 8* (5)
Severe Production Impairment = 7+ (4)
Limit to Avoid Acute Mortality = 6* (3)
(* Note: These are water column concentrations recommended to

achieve the required intergravel dissolved oxygen
concentrations_ shown 1In parentheses. The 3 mg/L
difference is discussed iIn the criteria document.)

b. Other Life Stages

No Production_Impairment

Ilght Production_Impairment
Moderate Production Impairment
Severe Production Impairment
Limit to Avoid Acute Mortality

I mnmwmn
WD g s

Nonsalnonid Waters

a. Early Life Stages

No Production Impairment
Slight Production Impairment
Moderate Production Impairment
Severe Production Impairment
Limit to Avoid Acute Mortality

b. Other Life Stages

No Production Impairment
Slight Production Impairment
Moderate Production Impairment
Severe Production Impairment
Limit to Avoid Acute Mortality

(1w
QJIQJ-bU'IO\

Invertebrates

No Production Impairment
Some Production Impairment
Acute Mortality Limit

g
BT



Table 3.

Sample calculations fTor determining daily means
and 7-day mean dissolved oxygen concentrations (30-day .
averages are calculated in a similar fashion using 30

days data). i
Dissolved Oxygen (wmg/L)

Day Daily Max. Daily Min. Daily Mean
1 9.0 7.0 8.0
2 10.0 7.0 8.5
3 11.0 8.0 9, 5P
4 1208 8.0 9.5
5 10.0 8.0 9.0
6 11.0 9 0 10.0
7 12,0% 10.0 10.5°¢

57.0 65.0
1-day Minimum 7.0
7-3ay Mean Minimum 8.1
7~day Mean 9.3

a Above ailr saturation concentration (assumed to be 11.0
mg/L  Tfor this example).

»  (11.0 + 8.0)2.

C (11 O +10.0)2,

The criteria have been established on the basis that the
maximum dissolved oxygen value actually used in calculating any
daily mean should not exceed the air saturation value. This
consideration is based primarily on analysis of studies of
cycling dissolved oxygen and the growth of largemouth bass
(Stewart <t al., 19s7), which iIndicated that high dissolved
oxygen levels (> 6 mg/L) had no beneficial effect on growth.

During periodic cycles of dissolved oxygen concentrations,

minima lower than acceptable constant exposure levels are toler-

able so long as:




1. the average concentration attained meets or exceeds the
criterion;

2. the average dissolved oxygen concentration is calculated as
recommended in Table 3; and

3. the minima are not unduly stressful and clearly are not lethal.

A daily minimum has been included to make certain that no
acute mortality of sensitive species occurs as a result of lack
of oxygen. Because repeated exposure to dissolved oxygen
concentrations at or near the acute lethal threshold will be
stressful and because stress can indirectly produce mortality or
other adverse effects (e.g., through disease), the criteria
are designed to prevent significant episodes of continuous or
regularly recurring exposures to dissolved oxygen concentrations
at or near the lethal threshold. This protection has been
achieved by setting the daily minimum for early life stages at
the subacute lethality threshold, by the use of a 7-day averaging
period for early life stages, by stipulating a 7-day mean minimum
value for other life stages, and by recommending additional
limits for manipulatable discharges.

The previous EPA criterion for dissolved oxygen published in

Quality Criteria for Water (Usgpa, 1976) was a minimum of 5 mg/L

(usually applied as a 7910) which 1s similar to the current
criterion minimum except for other life stages of warmwater fish
which now allows a 7-day mean minimum of 4 wmg/L. The new
criteria are similar to those contained in the 1968 "Green Book'

of the Federal Water Pollution Control Federation (FWPCA, 1968).



A. The Criteria and Monitoring and Design Conditions

The acceptable mean concentrations should be attained most of
the time, but some deviation below these values would probably
not cause significant harm. Deviations below the mean will
probably be serially correlated and hence apt to occur on
consecutive days. The significance of deviations below the mean
will depend on whether they occur continuously or in daily
cycles, the former being more adverse than the latter. Current
knowledge regarding such deviations is limited primarily to labo-
ratory growth experiments and by extrapolation to other activity-
related phenomena.

Under conditions where large daily cycles of dissolved oxygen
occur, 1t i1s possible to meet the criteria mean values and
consistently violate the mean minimum criteria. Under these
conditions the mean minimum criteriawill clearly be the
limiting regulation unless alternatives such as nutrient
control can dampen the daily cycles.

The significance of conditions which fTail to meet the
recommended dissolved oxygen criteria depend largely upon five
factors: () the duration of the event; (2) the magnitude of the
dissolved oxygen depression; (3) the frequency of recurrence; (4)
the proportional area of the site failing to meet the criteria,
and (5) the biological significance of the site where the event
OCCUrs. Evaluation of an event"s significance must be largely
case- and site-specific. Common sense would dictate that the
magnitude of the depression would be the single most important

factor in general, especially 1T the acute value is violated. A



logical extension of these considerations is that the event must
be considered in the context of the level of resolution of the
monitoring or modeling effort. Evaluating the extent, duration,
and magnitude of an event must be a function of the spatial and
temporal frequency of the data. Thus, a single deviation below
the criterion takes on considerably less significance where
continuous monitoring occurs than where sampling 1S com-
prised of once-a-week grab samples. This is so because based on
continuous monitoring the event IS provably small, but with
the much less frequent sampling the event is not provably small
and can be considerably worse than indicated by the sample. The
frequency of recurrence iIs of considerable interest to those
modeling dissolved oxygen concentrations because the return
period, or period between recurrences, is a primary modeling
consideration contingent upon probabilities of receiving water
volumes, waste loads, temperatures, etc. It should be apparent
that return period cannot be isolated from the other four factors
discussed above. Ultimately, the question of return period may
be decided on a site-specific basis taking iInto account the
other factors (duration, magnitude, areal extent, and biologi-
cal significance) mentioned above. Future studies of temporal
patterns of dissolved oxygen concentrations, both within and
between years, must be conducted to provide a better basis for
selection of the appropriate return period.

In conducting wasteload 21llocation and treatment plant design
computations, the choice of temperature in the models will be
important. Probably the best option would be to use temperatures

consistent with those expected In the receiving water over the



critical dissolved oxygen period for the biota.

B. The Criteria and Manipulatable Discharges

If daily minimum Dos are perfectly serially correlated,
i.e, if the annual lowest daily minimum dissolved oxygen concen-
tration is adjacent intime to the next lower daily minimum
dissolved oxygen concentration and one of these two minima is
adjacent to the third lowest daily minimum dissolved oxygen
concentration, etc., then in order to meet the 7-day mean
minimum criterion it is unlikely that there will be more than
three or four consecutive daily minimum values below the accept-
able 7-day mean minimum. Unless the dissolved oxygen pattern 1is
extremely erratic, it is also unlikely that the Ilowest
dissolved oxygen concentration will be appreciably below
the acceptable 7-day mean minimum or that dai ly minimum values
below the 7-day mean minimum will occur in more than one or two
weeks each year. For some discharges, the distribution of
dissolved oxygen concentrations can be manipulated to varying
degrees. Applying the daily minimum to manipulatable discharges
would allow repeated weekly cycles of minimum acutely acceptable
dissolved oxygen values, a condition of unacceptable stress
and possible adverse biological effect. For this reason, the
application of the one day minimum criterion to manipulatable
discharges must Iimit either the frequency of occurrence of
values below the acceptable 7-day mean minimum or must impose
further limits on the extent of excursions below the 7-day mean
minimum. For such controlled discharges, it is recommended that

the occurrence of daily minima below the acceptable 7-day mean



minimum be limited to 3 weeks per year or that the acceptable

one-day minimum be increased to 4.5 mg/L for coldwater fish and

3.5 mg/L for warmwater fish, Such decisions could be site-

specific based upon the extent of control and serial correlation.



PARATHION
CRITERION:

0.04 ug/L for freshwater and marine aquatic life.

RATIONALE:

Acute static LC50 values of the organophosphorus pesticide,
parathion, for freshwater fish have ranged generally from about
50 ug/L for more sensiitive species such as bluegills, Leponmis

macrochirus, to about 2.5 mg/L for the more resistant species

such as minnows (U.S. Environ. Prot. Agency, 1975}. In flowing
water exposures, Spacie (1975) obtained 96-hour Lc50 values of

0.5 mg/L, 1.6 mg/L, and 1.76 mg/L for bluegills, Lepcmis

macrochirus, fathead minnows, Pimephales promelas, and brook
|

trout, Salvelinus fenddmadis: respectively. Korn and Earnest

(1974) found a 96-hour LC50 of 18 ug/L for juvenile freshwater

and estuarine striped bass, Morone saxatilis, in a flowing water

system,
Few chronic exposure data are available for aquatic

organisms. Brown bullheads, fctalurus nebulosus, exposed to 30

ug/L parathion for 30 days exhibited tremors; at 60 ug/L they
convulsed and were found to have developed a deformed vertebral
column (Mount and Boyle, 1969). In a 23-month exposure of
bluegills, spacie (1975) observed deformities (scoliosis and a
characteristic protrusion in the throat region) at 0.34 ug/L, but
not at 0.16 ug/L. Tremors, convulsions, hypersensitivity, and
hemorrhages alse were evident at higher concentrations.
Reproductive impairment and deformities were observed in

fathead minnows exposed to 4.0 ug/L for 8 1/2 months.



Development of brook trout, 5. fontinatis embryos exposed to 32
ug/L was abnormal and mortalities associated with premature
hatching were observed. Embryos at 10 ug/L appeared normal. NoO
adverse effects on juveniles and adults was evident during 9
months! exposure to 7 ug/L.

Inhibition of cholinesterase enzymes is the well-established
mode of physiological action of parathion and other organic
phosphorus pesticides (Weiss, 1958). The degree of inhibition of
brain acetylcholinesterase (AChE) activity has been the most
frequently used measure of effect of these pesticides. Various
studies (Weiss, 1958, 1959, 1961; Murphy et al., 1968; Gibson et
al. 1969) have shown the degree of inhibition to be dependent
upon toxicant concentration, length of exposure, and species
sensitivity. The results of these studies have also indicated
that death results from AChE inhibition ranging from 25 to 90
percent of normal. Weiss (1959) also showed that susceptibility
depended upon the extent of recovery of AChE activity following
prior exposure and that the recovery period for fish exposed to
parathion was relatively long. 1In bluegills, AChE activity was
only 50 percent recovered 30 days after exposure to 1 mg/L for 6
to 7 hours (Weiss, 1961).

Some of the other physiological effects observed to result
from exposure of fish to parathion have been inhibition of

spermatogenesis In guppies, koscilia reticulata, at 10 ug/L

(Billard and deXinkelin, 1970), alternation of oxygen

consumption rate in bluegills, Lepomis macrochirus, at 100 ug/L

(Dowden, 1966), and liver enlargement associated with iIncreased

pesticide-hydrolizing capability in mosquitofish, Gambusia



atffinis (Ludke, 1970).

Parathion has been found acutely toxic to aquatic
invertebrates at under 1 ug/L =.9., a 50-hour LC50 of 0.8 ug/L
for Daphnia magna; 48-hour LC50 of 0.6 ug/L for Daphnia punlsw;
48-hour LC50 of 0.37 for Simocephalus serrulatus (a daphnid)
(Sanders and Cope, 1966); a 5-day LC50 of 0.93 ug/L for the

larval stonefly, Acroneuria pacifica (Jensen and Gaufin, 19s4);

and a 96-hour LC50 of 0.43 ug/L Ffor the larval caddisfly
Hydropsyche californica (Gaufin et al. 1965). Mulla and
Khasawinah (1969) obtained a 24-hour LC50 of 0.5 ug/L for 4th

instar larvae of the midge Tanypus grodhausi. Spacie (1975)

obtained 96-hour L<s50ts In Flow-through bioassays of 0.62 ug/L

for Daphnia magna, 0.40 ug/L for the scud, Gammarus fasciatus,

and 31.0 ug/L for 4th instar of Chironomous tsntans, a midge.

Other 1nvertebrates have been found acutely sensitive to
parathion in concentrations of from 1 to 30 ug/L Inwater (U.S.
Environ. Prot. Agency, 1975).

Few longer exposures have been conducted. Jensen and Gaufin
(1964) obtained 30-day ncso0's for Pteronarcys californica and
Acroneuria psettie=s of 2.2 and 0.44 ug/L, respectively. Spacie
(1975) found the 3-week LC50 for Daphnia magna to be 0.14 ug/L.
Statistically significant reproductive impairment occurred at
concentrations above 0.8 ug/L. A 43-day LC50 of 0.07 ug/L was

reported for Gammarus fasciatus and a concentration of 0.04 ug/L

produced significantly greater mortality than among controls.
Limited information is available on persistence of parathion
in water. Eichelberger and Lichtenberg (1971) determined the



half-1ife In river water (pH 7.3 - 8.0) to be 1 week. Using AChE
inhibitory capacity as the indicator, Weilss and Gakstattar
(1964) found the half-life of parathion or Its active breakdown
products to be 40, 35, and 20 days in "natural" waters having a
pH of 5.1. 7.0, and 8.4, respectively. The possibility of
breakdown resulting in compounds more toxic than parathion was
suggested by Burke and Ferguson (1969)who determined that the
was greater in static than in flowing water test systems.
Sanders (1972), 1In 96-hour bioassays with the scud, Gammarus

fasedatusr and glass shrimp, Palaemonetes kadiakensis also

observed greater toxicity under static than in flow-through
conditions.

Tissue accumulations of parathion by exposed aquatic
organisms are not great and do not appear to be very persistent.
Mount and Boyle (1969) observed concentrations in the blood of
bullhead, ldctalurus melas: up to about 50 times water
concentrations. Spacie (1975) found muscle concentrations in
chronically exposed brook trout, s_ fentinatis: to be several
hundred times water concentrations; bplusgills, Lapomis

macrochirus, had about 25 times water concentrations in their

bodies. Leland (1968) demonstrated a biological half-life of
placed In fresh water to be only 30 to 40 hours. It IS not
expected that parathion residues iIn aquatic organisms exposed to

the recommended criterion concentrations will be a hazard to

consumer organisms.



Weiss and Gakstatter (1964) have shown that 15-day continuous
exposure to parathion (1.0 ug/L) can produce progressively
greater (i.e., cumulative) brain AChE inhibition in a Ffish
species. After substantial inhibition by parathion exposure, It
takes several weeks for brain AChE of exposed Tfishes to return
to normal even though exposure is discontinued (Weiss, 1959,
1961). Inhibition of brain AChE of fishes by 46 percent or more
has been associated with harmful effects in exposures to
organophosphate pesticides for one life cycle (Eaton, 1970) and
for short periods (Carter, 1971; Coppage and Duke, 1971; Coppage,
1972; Coppage and Mattnews, 1974; Post and Lsasurs, 1974; Coppage
et al. 1975). It has been shown that a concentration of 1¢ ug
parathion/L oOfF Flowing seawater kills 40 to 60 percent of the
marine fTishes Lagadan rhoembetdes (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 AChE and mortality were caused iIn sheepshead

minnows, Cyprinodon varisgatus, 1In 2, 24, 48, and 72 hours at

concentrations of 5,000, 2,000, 100, and 10 ug/L, respectively iIn
static tests (Coppage, 1972). These data indicate that
reductions of brain AChE activity of marine fishes by 70 to 80
percent or more in short-term exposures to parathion may be

associated with some deaths.



Other estimates of parathion toxicity to marine organisms
follow. The 48-hour EC50 for parathion to Penaeus duorarum was
found to be 0.2 ug/L (Lowe et al. 1970). Lahav and Sarig (1969)
reported the 96-hour LC50 for mullet, Mugil cephalus to be 125
ug/L, The shell growth of the oyster, Crassostrea virginica, was

found by rLowe et al. (1970) to be decreased by 22 percent after
96 hours i1n 1.0 mg/L.

An application factor of 0.1 is applied to the 96-hour L¢50
data for invertebrates which range upward from 0.4 ug/L. A

criteria of 0.4 ug/L 1S recommended for marine and freshwater
aquatic life.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



PENTACHLOROPHENOL

CRITERIA:
Agquatic Life

The available data for pentachlorophenol iIndicate that acute
and chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 55 and 3.2 ug/L, respectively, and would
occur at lower concentrations among species that are more
sensitive than those tested.

The available data for pentachlorophenol iIndicate that acute
and chronic toxicity to saltwater aquatic life occur at
concentrations as low as 53 and 34 ug/L, respectively, and would

occur at lower concentrations among species that are more

sensitive than those tested.

Human Health

For comparison purposes, two approaches were used to derive
criterion levels for pentachlorophenol. Based on available
toxicity data, to protect public health the derived level i1s 1.01
mg/L. Using available organoleptic data, to control
undesirable taste and odor qualities of ambient water the
estimated level 1s 30 ug/L. It should be recognized that
organoleptic data have limitations as a basis for establishing a
water quality criterion, and have no demonstrated

relationship to potential adverse human health effects.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



[

CRITERIA:
Range
5 - 9 Domestic water supplies (welfare)
6.5 = 9.0 Freshwater aquatic life
6.5 = 8.5 Marine aquatic life (but not more than
0.2 units outside of normallyoccurring
range.)

INTRODUCTION :

"pH" is a measure of the hydrogen ion activity in a water
sample. 1t is mathematically related to hydrogen ion activity
according to the expression: pH = -log 10 (8%}, where (H%) is the
hydrogen ion activity.

The pH of natural waters is a measure of acid-base
equilibrium achieved by the various dissolved compounds, salts,
and gases. The principal system regulating pH in natural waters
IS the carbonate system which is composed of carbon dioxide
(CO,), carbonic acid, (H,CO3), bicarbonate ion (HCO,;) and
carbonate ions (C03). The interactions and kinetics of this
system have been described by Stumm and Morgan (1970).

pH 1S an important factor in the chemical and biological
systems of natural waters. The degree of dissociation of weak
acids or bases is affected by changes in pH. This effect is
important because the toxicity of many compounds is affected by
the degree of dissociation. One such example iIs hydrogen cyanide
(HCN). Cyanide toxicity to fish increases as the pH i1s lowered
because the chemical equlibrium is shifted toward an increased
concentration of HCN. Similar results have been shown for

hydrogen sulfide (H,8) (Jones, 1964).



The solubility of metal compounds contained in bottom
sediments or as suspended material, also is affected by pd. For
example, laboratory equilibrium studies under anaerobic
conditions indicated that py was an important parameter involved
in releasing manganese from bottom sediments (bDzlfino and Lee,
1971).

The pH of a water does not iIndicate ability to neutralize
additions of acids or bases without appreciable change. This
characteristic, termed "pbuffering capacity,” is controlled by the
amounts of alkalinity and acidity present.

RATIONALE:

Knowledge of pH in the raw water used €or public water
supplies is important because without adjustment to a suitable
level, such waters may be corrosive and adversely affect
treatment processes including coagulation and chlorination.

Coagulation for removal of colloidal color by use of aluminum
or iron salts generally has an optimum pd# range of 5.0 to 5.5
(Sawyer, 1960). Such optima are predicated upon the availability
of sufficient alkalinity to complete the chemical reactions.

The effect of pH on chlorine inwater principally is on the
equi librium between hypochlorous acid ¢(#ocl) and the hypochlorite
ion (o¢l™) according to the reaction:

Hocl = HY + oc1”™
Butterfisld (1984) has shown that chlorine disinfection Is more
effective at values less than pg 7. Another study (Reid and
Carlson, 1974) has i1ndicated, however, that in natural waters no

significant difference in the kill rate for Escherichia scli was




observed between pH 6 and pH 8.

corrosion of plant equipment and piping iIn the distribution
system can lead to expensive replacement as well as the
introduction of metal 1ons such as copper, lead, zinc, and
cadmium. Langelier (1936) developed a method to calculate and
control water corrosive activity that employs calcium carbonate
saturation theory and predicts whether the water would tend to
dissolve or deposit calcium carbonate. By maintaining the pH
at the proper level, the distribution system can be provided with
a protective calcium carbonate lining which prevents metal pipe
corrosion. Generally, this level is above p# 7 and frequently
approaches pH 8.3, the point of maximum bicarbonate/carbonate
buffering.

Since pH is relatively easily adjusted prior to and during
water treatment, a rather wide range is acceptable for waters
serving as a source of public water supply. A range of pd from
5.0 to 9.0 would provide a water treatable by typical
(coagulation, sedimentation, Tfiltration, and chlorination)
treatment plant processes. As the range is extended, the cost of
neutralizing chemicals iIncreases.

A review of the effects of pH on fresh water fish has been
published by the European Inland Fisheries Advisory Commission
(1969). The commission concluded:

There is no definite pH range within which a fisherg is

unharmed and outside which i1t i1s damaged, but rather, there

IS a gradual deterioration as the pH values are further

removed from the normal range. The pH range which is not

directly lethal to fish 1s 5 - 9; however, the toxicity of
within Ehee Tanger and  increasing atidity or Alkalinity hey

make these poisons more toxic. Also, an acid discharge may
liberate sufficient co, from bicarbonate in the water either



to be directly toxic, or to cause the pd range 5 - 6 to
become lethal.

Mount (1973) performed bioassays on the fathead minnow,

Pimephales promelas, for a 13-month, one generation time period

to determine chronic pH effects. Tests were run at pH
levels of 4.5, 5.2.

pH .
Range Effect on Fish*

5.0 - 6.0 Unlikely to be harmful to any species unless either the
concentration of free co, is greater than 20_ppm, or
the water contains iron salts which are precipitated as
ferric hydroxide, the toxicity of which 1s not known.

6.0 - 6.5 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 affected by changes within this range.

EIFAC, 1969



5.9, 6.6, and a control of 75. At the two lowest pH values (4.5
and 5.2) behavior was abnormal and the fish were deformed. At pH
values less than 6.6, egg production and hatchability were
reduced when compared with the control. It was concluded that a
pH of 6.6 was marginal for vital life functions.

Bell (1971) performed bioassays with nymphs of caddisflies

(two species) stoneflies (four species), dragonflies (two
species), and mayflies (one species). AIl are important fish
food organisms. The 30-day TL50 values ranged from 2.45 to 5.38

with the caddisflies being the most tolerant and the mayflies
being the least tolerant. The pE 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 of 6.5 to 9.0 appears
to provide adequate protection for the life of freshwater fish
and bottom dwelling invertebrates fish food organisms. Outside of
this range, fish suffer adverse physiological effects increasing
in severity as the degree of deviation increases until lethal
levels are reached.

Conversely, rapid increases in pH can cause increased NH4
concentrations that are also toxic. Ammonia has been shown to be
10times as toxic at pH 8.0 as at pE 7.0 (EIFAC, 1969).

The chemistry of marine waters differs from that 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 system present in seawater, the



naturally occurring variability of pH is less than in fresh
water. Some marine communities are more sensitive to pH change
than others (NAS, 1974). Normal pH values in seawater are 8.0 to
82 at the surface, decreasing to 7.7 to 7.8 with increasing
depth (Capurro, 1970). The NAS cCommittee's review (NAS, 1974)
indicated that plankton and benthic invertebrates are probably
more sensitive than fish to changes in p4 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,
biologically active waters intropical or subtropical areas,
large diurnal pH changes occur naturally because of
photosynthesis. pH values may range from 9.5 in the daytime to
7.3 in the early morning before dawn. Apparently, these
communities are adapted to such variations or intolerant species
areableto avoid extremes by moving out ofthearea.

For open ocean waters where the depth is substantially
greater than the euphotic zone, the pH should not be changed more
than 02 wunits outside of the naturally occurring variation or in
any case outside the range of 6.5 to 85 For shallow, highly
productive coastal and estuarine areas where naturally occurring
variations approach the lethal limits for some species, changes
in pH should be avoided, but in any case not exceed the limits
established for fresh water, i.e., pH of 65 to 9.0. As with
freshwater criteria, rapid pH fluctuations that are caused by
waste discharges should be avoided. Additional support for these
limits is provided by Zirino and Yamamoto (1972). These
investigators developed a model which illustrates the effects of

variable pg on copper, zinc, cadmium, and lead; small changes in




od cause large shifts iIn these metallic complexes. Such changes
may affect toxicity of these metals.

For the industrial classifications considered, the NAS report
(Nas, 1974) tabulated the range of pH values used by industry for
various process and cooling purposes. In general, process waters
used varied from pH 3.0 to 11.7, whille cooling waters used varied
from 5.0 to 8.9. Desirable pH values are undoubtedly closer to
neutral to avoid corrosion and other deleterious chemical
reactions. Waters with pH values outside these ranges are
considered unusable for industrial purposes.

The pH of water applied for irrigation purposes is not
normally a critical parameter. Compared with the large buffering
capacity of the soil matrix, the p4 of applied water i1s rapidly
changed to approximately that of the soil. The greatest danger
irn acid soils is that metallic 1ons such as 1ron, manganese, oOr
aluminum may be dissolved 1In concentrations which are
subsequently directly toxic to plants. Under alkaline conditions,
the danger to plants is the toxicity of sodium carbonates and
bicarbonates either directly or indirectly (NAS, 1974).

To avoid undesirable effects In irrigation waters, the pH

should not exceed a range of 4.5 to 9.0.

QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



PHENOL

CRITERIA:
Aquatic Life

The available data for phenol indicate that acute and chronic
toxicity to freshwater aquatic life occurs at concentrations as
low as 10,200 and 2,560 ug/L, respectively, and would occur at
lower concentrations among species that are more sensitive than
those tested.

The available data for phenol indicate that toxicity to
saltwater aquatic life occurs at concentrations as low as 5,800
ug/L and would occur at lower concentrations among species that
are more sensitive than those tested. No data are available

concerning the chronic toxicity of phenol to sensitive saltwater

aquatic life.
Human Health

For comparison purposes, two approaches were used to derive
criterion levels for phenol. Based on available toxicity data,
to protect public health the derived level is 3.5 ng/L.

Using available organoleptic data, to control
undesirable taste and odor qualities of ambient water the
estimated level is 0.3 ng/L. It should be recognized that
organoleptic data have limitations as a basis for establishing a
water quality criterion, and have no demonstrated relationship to
potential adverse human health effects.

NOTE: The US. EPA 1is cu[r@ntlg developing Acceptable Daily
Intake (ADI) or Verified Reference Dose (reD) values for
Agency-wide use for this chemical. _The new value should
be substituted when it becomes available. The January,
1986, draft Verified Reference Dose document cites an rfD
of 0.1 mg/kg/day For phenol.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



PHOSPHORUS

CRITERION::

0.10 ug/L yellow (elemental) phosphorus for marine or
estuarine water.

INTRODUCTION:

Phosphorus in the elemental form is particularly toxic and is
subject to bioaccumulation in much the same way as mercury.
Phosphorus as phosphate is one ¢f the major nutrients required
for plant nutrition and is essential for life. 1In excess of a
Critical concentration, phosphates stimulate p3lant growths.
During the past 30 years, a formidable case has developed for the
belief that increasing standing crops of aquatic plants, 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
eutrophication or aging of waters. Generally, it is recognized
that phosphorus is not the sole cause of eutrophication but there
is substantiating evidence that frequently it is the key element
of all of the elements required by freshwater plants, and
generally, 1t is present in the least amount relative to need.
Therefore, an increase in phosphorus allows use of other already
present nutrients for plant growth. Further, of all of the
elements required for plant growth in the water environment,
phosphorus is the most easily controlled by man.

Large deposits of phosphate rock are found near the western
shore of Central Florida, aswell asin anumber of other States.

Deposits in Florida are found in the form of pebbles which vary



in size from fine sand to about the size of a human foot. These
pebbles are embedded in a matrix of clay and sand. The
phosphate rock beds lie within a few feet of the surface and
mining 1S accomplished by using hydraulic water jets and a
washing operation that separates the phosphates from waste
materials. The process is similar to that of strip-mining.
Florida, ldaho, 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 detergents and other
domestic phosphates increases the per capita contribution to
about 3.5 pounds per year of phosphorus as P. Some Industries,
such as potato processing, have wastewaters high In phosphates.
Crop, forest, idle, and urban land contribute varying amounts of
phosphorus-diffused sources iIn drainage to watercourses. This
drainage may be surface runoff of rainfall, effluent from tile
lines, or return flow from i1rrigation. Cattle feedlots,
concentrations of domestic duck or wild duck populations, tree
leaves, and fallout from the atmosphere all are contributing
sources.

Evidence iIndicates that: (@) high phosphorus concentrations
are associated with accelerated eutrophication of waters, when
other growth-promoting factors are present: (2) aquatic plant
problems develop in reservoirs and other standing waters at
phosphorus values lower than those critical in flowing streams:

(3) reservoirs and lakes collect phosphates from influent streams



and store a portion of them within consolidated sediments, thus
serving as a phosphate sink; and (4) phosphorus concentrations
critical to noxious plant growth vary and nuisance growths may
result from a particular concentration of phosphate in one
geographical area but not in another. The amount or percentage
of inflowing nutrients that may be retained by a lake or
reservoir is variable and will depend upon: (A)the nutrient
loading to the lake or resevoir; (2) the volume of the euphotic
zone; (3) the extent of biological activities; (4) the detention
time within a lake basin or the time available for biological
activities; and (5)the level of discharge from the lake or of
the penstock from the reservoir.

Once nutrients are combined within the aquatic ecosystem,
their removal is tedious and expensive. Phosphates are used by
algae and higher aquatic plants and may be stored in excess of
use within the plant cell. with decomposition of the plant cell,
some phosphorus may be released immediately through bacterial
action €or recycling within the biotic community, while the
remainder may be deposited with sediments. Much of the material
that combines with the consolidated sediments within the lake
bottom is bound permanently and will not be recycled into the
system.

RATIONALE :

Elemental Phosphorus

Isom (1960) reported an LC50 of 0.105 mg/L at 48 hours and

0.025 mg/L at 160 hours for bluegill sunfish, Lepanis

macrochirus, exposed to yellow phosphorus in distilled water at




26 °c and pH 7. The 125-and 195-hour Lc3o's of yellow phosphorus

to Atlantic cod, sadus morhua, and Atlantic salmon, Salmo salar,

smolts IN continuous-exposure experiments were 1.89 and 0.79
ug/L, respectively (Fletcher and Hoyle, 1972). No evidence of an
incipient Ilethal Ilevel was observed since the lowest
concentration of p, tested was 0.79 ug/L. Salmon that were
exposed to elemental phosphorus concentrations of 40 ug/L or less
developed a distinct external red color and showed signs of
extensive hemolysis. The predominant features of p, poisoning iIn
salmon were external redness, hemolysis, and reduced hematocrits.
Following the opening of an elemental phosphorus production
plant 1n Long Harbour, Placentia Bay, Newfoundland, divers
observed dead fish upon the bottom throughout the Harbour (Peer,
1972). Mortalities were confined to a water depth of less than 18
meters. There was visual evidence of selective mortality among
benthos. Live mussels were fTound within 300 meters of the
effluent pipe, while all scallops within this area were dead.
Fish will concentrate elemental phosphorus from water
containing as little as 1 ug/L (ldler, 1969). In one set of
experiments, a cod swimming in water containing it ug/L elemental
phosphorus for 18 hours concentrated phosphorus to 50 ug/kg in
muscle, 150 ug/kg In fatty tissue, and 25,000 ug/kg in the liver
(Ildler, 1969; Jangaard, 1970). The experimental findings showed

that phosphorus is quite stable In the fish tissues.



. The criterion of 0.10 uwg/L elemental phosphorus for marine or
estuarine waters is .1 of demonstrated lethal levels to important
marine organisms and of levels that have been found to result in

significant bioaccumulation.




Phosphate Phosphorus

Although a total phosphorus criterion to control nuisance
aquatic growths is not presented, i1t is believed that the
following rationale to support such a criterion, which currently
IS evolving, should be considered.

Total phosphate phosphorus concentrations in excess of 100
ug/L P may interfere with coagulation in water treatment plants.
When such concentrations exceed 25 ug/L at the time of the spring
turnover on a volume-weighted basis in lakes or reservoirs, they
may occasionally stimulate excessive or nuisance growths of algae
and other aquatic plants. Algal growths inpart undesirable
tastes and odors to water, interfere with water treatment, become
aesthetically unpleasant, and alter the chemistry of the water
supply. They contribute to the phenomenon of cultural
eutrophication.

To prevent the development of biological nuisances and to
control accelerated or cultural eutrophication, total phosphates
as phosphorus (P) should not exceed 50 ug/L in any stream at the
point where 1t enters any lake or reservoir, nor 25 ug/L within
the lake or reservoir. A desired goal for the prevention of
plant nuisances in streams or other flowing waters not
discharging directly to lakes or impoundments is 100 ug/L total P
(Mackenthun, 1973). Most relatively uncontaminated lake
districts axe known to have surface waters that contain from 10
to 30 ug/L total phosphorus as P (Hutchinson, 1957).

The majority of the Nation's eutrophication problems are

associated with lakes or reservoirs and currently there are more




data to support the establishment of a limiting phosphorus level
in those waters than in streams or rivers that do not directly
impact such water. There are natural conditions, also, that
would dictate the consideration of either 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, such waters would need more
stringent nutrient limits. Likewise, there are those waters
within the Nation where phosphorus is not now a limiting nutrient
and where the need for phosphorus |imits is substantially
diminished. Such conditions are described in the last paragraph
of this rationale.

There are two basic needs in establishing a phosphorus
criterion for flowing waters: oHe is to control the development
of plant nuisances within the flowing water and, in turn, to
control and prevent animal pests that may become associated with
such plants; the other is to protect the downstream receiving
waterway, regardless of its proximity in linear distance. It is
evidentthataportion of that phosphorus thatenters 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 downstream, or as floating organic
materials that may drift just above the stream's bed or float on
Its water's surface. Superimposed on the loading from the
inflowing waterway, a lake or estuary may receive additional
phosphorus as fallout from the air shed or as a direct

introduction from shoreline areas.



Another method to control the inflow of nutrients,
particularly phosphates, into a lake is that of prescribing an
annual loading to the receiving water. Vollenweider (1973)
suggests total phosphorus (P) loadings in grams per square meter
of surface area per year that will be a critical level for
eutrophic conditions within the receiving waterway for a
particular water volume where the mean depth of the lake in
meters is divided by the hydraulic detention time in years.
Vollenweider's data suggest a range of loading values that should

result in oligotrophic lake water quality.

Oligotrophic or Eutrophic
Mean Depth/Hydraulic Permissible or Critical
Detention Time Loading Loading
fmeters/year) (g‘rams/meterz/year) (grams/meterz'/year)
0.5 0.07 0.14
1.0 0.10 0.20
2.5 0.16 0.32
5.0 0.2 0.45
7.5 0.27 0.55
10.0 0.32 0.63
25.0 0.50 1.00
50.0 0.71 1.41
75.0 0.87 1.73
100.0 1.00 2.00

There may be waterways wherein higher concentrations or
loadings of total phosphorus do not produce eutrophy, as well as

those waterways wherein lower concentrations or loadings of total




phosphorus may be associated with populations of nuisance
organisms. Waters now containing less than the specified amounts
of phosphorus should not be degraded by the introduction of
additional phosphates.

It should be recognized that a number of specific exceptions
can occur to reduce the threat of phosphorus as a contributor to
lake eutrophy: 1. Naturally occurring phenomena may limit the
development of plant nuisances. 2. Technological or cost-
effective limitations may help control introduced pollutants. 3.
Waters may be highly laden with natural silts or colors which
reduce the penetration of sunlight needed €or plant
photosynthesis. 4. Some waters morphometric features of steep
banks, great depth, and substantial flows contribute to a history
of no plant problems. 5. Wwaters may be managed primarily for
waterfowl or other wildlife. 7. In some waters nutrient other
than phosphorus is limiting to plant growth: the level and nature
of such limiting nutrient would. not be expected to iIncrease to an
extent that would influence eutrophication. 6. In some waters
phosphorus control cannot be sufficiently effective under present
technology to make phosphorus the limiting nutrient.

No national criterion is presented for phosphate phosphorus

for the control of eutrophication.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



PHTHALATE ESTERS

CRITERIA:

Aquatic Life

The available data for phthalate esters indicate that acute
and chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 940 and 3 ug/L, respectively, and would
occur at lower concentrations among species that are more
sensitive than those tested.

The available data for phthalate esters indicate that acute
toxicity to saltwater aquatic life occurs at concentrations as
low as 2,944 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic’toxicity of phthalate esters to
sensitive saltwater aquatic life but toxicity to one species of

algae occurs at concentrations as low as 3.4 ug/L.

Human Health

For the protection of human health from the toxic properties
of dimethyl phthalate ingested through water and contaminated
aquatic organisms, the ambient water criterion is determined to
be 313 mg/L.

For the protection of human health from the toxic properties
of dimethyl phthalate ingested through contaminated aquatic
organisms alone, the ambient water criterion is determined to be

2.9 g/l.




For the protection of human health from the toxic properties
of diethyl phthalate ingested through water and contaminated
aquatic organisms, the ambient water criterion is determined to
be 350 mg/L.

For the protection of human health from the toxic properties
of diethyl phthalate i1ngested through contaminated aquatic
organisms alone, the ambient water criterion is determined to be
1.8 g/1l.

For the protection of human health from the toxic properties
of dibutyl phthalate ingested through water and contaminated
aquatic organisms, the ambient water criterion iIs determined to
be 34 mg/L.

For the protection of human health from the toxic properties
of dibutyl phthalate ingested through contaminated aquatic
organisms alone, the ambient water criterion is determined to be
154 mg/L.

For the protection of human health from the toxic properties
of dai-2~2thylhexyl phthalate ingested through water and
contaminated aquatic organisms, the ambient water criterion is
determined to be 15 mg/L.

For the protection of human health from the toxic properties

of di-2-ethylhexyl phthalate i1ngested through contaminated
aquatic organisms alone, the ambient water criterion is

determined to be 50 mg/L.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY
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POLYCHLORINATED BIPHENYLS

CRITERTA: i i
Aquatic Life

For polychlorinated biphenyls the criterion to protect
freshwater aquatic life as derived using the Guidelines i1s 0.014
ug/L as a 24-hour average. The concentration of 0.014 ug/L is
probably too high because it is based on bioconcentration factors
measured in laboratory studies, but field studies apparently
produce factors at least 10 times higher for Tfishes. The
available data indicate that acute toxicity to freshwater aquatic
life probably will occur only at concentrations above 2.0 ug/L
and that the 24-hour average should provide adequate protection
against acute toxicity.

For polychlorinated biphenyls the criterion to protect
saltwater aquatic life as derived using the Guidelines is 0.030
ug/L as a 24-hour average. The concentration of ¢.030 ug/L IS
probably too high because it iIs based on bioconcentration factors
measured i1n laboratory studies, but field studies apparently
produce factors at least 10 times higher for fishes. The
available data indicate that acute toxicity to saltwater aquatic
l1ife probably will only occur at concentrations above 10 ug/L and
that the 24-hour average criterion should provide adequate

protection against acute toxicity.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to polychlorinated biphenyls

through ingestion of contaminated water and contaminated aquatic




organisms, the ambient water concentration should be zero, based
on the nonthreshold assumption for this chemical. However,
zero level may not be attainable at the present time. Therefore,
the levels which may result In incremental increase of cancer
risk over the lifetime are estimated at 107°, 10~%, and 10~7.
The corresponding recommended criteria are 0.7 ng/L, 0.079 ng/L,
and 0.0079 ng/L, respectively. IT these estimates are made for
consumption of aquatic organisms only, excluding consumption of

water, the levels are 0.79 ng/L, 0.079 ng/L, and 0.0079 ng/L,
respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY

‘
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POLYNUCLEAR AROMATIC HYDROCARBONS

CRITERIA :
Aquatic Life

The limited freshwater data base available for polynuclear
aromatic hydrocarbons, mostly from short-term bioconcentration
studies with two compounds, does not permit a statement
concerning acute or chronic toxicity.

The available data for polynuclear aromatic hydrocarbons
indicate that acute toxicity to saltwater aquatic life occurs at
concentrations as low as 300 ug/L and would occur at lower
concentrations among species that are more sensitive than those
tested. No data are available concerning the chronic toxicity of

polynuclear aromatic hydrocarbons to sensitive saltwater aguatic
life.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to polynuclear aromatic
hydrocarbons through ingestion of contaminated water and
contaminated aguatic organisms, the ambient water concentration
should be zero, based on the nonthreshold assumption for this
chemical. However, zero level may not be attainable at the
present time. Therefore, the levels which may result iIn
incremental increase of cancer risk over the lifetime are
estimated at 1073, 107%, and 10™7. The corresponding recommended
criteria are 28.0 ng/L, 2.8 ng/L, and 0.28 ng/L, respectively.
IT these estimates are made for consumption of aquatic organisms

only, excluding consumption of water, the levels are 311.0 ng/L,




31.1 ng/L, and 3.11 ng/L, respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



SELENITUM

CRITERIA:

Aguatic Life

For total recoverable 1norganic selenite the criterion
to protect freshwater aquatic life as derived using the
Guidelines iIs 35 ug/L as a 24-hour average, and the concentration
should not exceed 260 ug/L at any time.

For total recoverable 1norganic selenite the criterion to
protect saltwater aquatic life as derived using the Guidelines is
54 ug/L as a 24-hour average, and the concentration should not
exceed 410 ug/L at any time.

The available data for inorganic selenate indicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 760 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of inorganic selenate
to sensitive freshwater aquatic life.

No data are available concerning the toxicity of inorganic

selenate to saltwater aquatic life.

Hunan Health

The ambient water quality criterion for selenium 1is

recommended to be i1dentical to the existing water standard which
IS 10 ug/L. Analysis of the toxic effects data resulted in a
calculated level which is protective of human health against the
ingestion of contaminated water and contaminated aquatic

organisms. The calculated value is comparable to the present



standard. For this reason a selective criterion based on ‘
exposure solely from consumption of 6.5 grams of aquatic

organisms was not derived.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



SILVER

CRITERIA:
Agquatic Life
For freshwater aquatic life the concentration (in

ug/L} of total recoverable silver should not exceed the
numerical value given by ®(1.72[1ln(hardness)3-6.52) at any
time. For example, at hardnesses of 50, 100, and 200 mg/L as
Cac03, the concentration of total recoverable silver should not
exceed 1.2, 4.1, and 13 ug/L, respectively, at any time. The
available data indicate that chronic toxicity to freshwater
aquatic life may occur at concentrations as low as 0.12 ug/L.
For saltwater aquatic life the concentration of total
recoverable silver should not exceed 2.3 ug/L at any time. No
data are available concerning the chronic toxicity of silver to

sensitive saltwater aquatic life.

Human Health

The ambient water quality criterion for silver is
recommended to be identical to the existing water standard,
which 1s 50 ug/L. Analysis of the toxic effects data resulted in
a calculated level which is protective of human health against
the ingestion of contaminated water and contaminated aquatic
organisms. The calculated value is comparable to the present
standard. For this reason a selective criterion based on

exposure solely from consumption of 6.5 grams of aquatic

organisms was not derived.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



SOLIDS (DISSOLVED) AND SALIN1TY

CRITERION:

250 mg/L 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 1t iIs related to 1t (Capurro,
1970). For most purposes, the terms total dissolved salt content
and salinity are equivalent. The principal inorganic anions
dissolved in water include the carbonates, chlorides, sulfates,
and nitrates (principally in ground waters); the principal
cations are sodium, potassium, calcium, and magnesium.

RATIONALE :

Excess dissolved solids are objectionable in drinking water
because of possible physiological effects, unpalatable mineral
tastes, and higher costs because of corrosion Oor the necessity
for additional treatment.

The physiological effects directly related to dissolved
solids include laxative effects principally from sodium sulfate
and magnesium sulfate and the adverse effect of sodium on certain
patients afflicted with cardiac disease and women with toxemia

associated with pregnancy. One study was made using data



collected from wells i1n North Dakota. Results from a
questionnaire showed that with wells in which sulfates ranged
from 1,000 to 1,500 mg/L, 62 percent of the respondents indicated
laxative effects 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/L (Moore, 1952). To protect transients to an
area, a sulfate level of 250 mg/L should afford reasonable
protection from laxative effects.

As i1ndicated, sodium frequently is the principal component of
dissolved solids. Persons on restricted sodium diets may have an
intake restricted from 500 to 1,000 mg/day (Nat. Res. Coun.,
1954). That portion ingested in water must be compensated by
reduced levels In food ingested so that the total does not exceed
the allowable intake. Using certain assumptions of water intake
(e.g., 2 liters of water consumed per day) and sodium content of
food, i1t has been calculated that for very restricted sodium
diets, 20 mg/L in water would be the maximum, while for
moderately restricted diets, 270 ng/L would be maximum. Specific
sodium levels for entire water supplies have not been recommended
but various restricted sodium intakes are recommended because:
(D the general population is not adversely affected by sodium,
but various restricted sodium intakes are recommended by
physicians for a significant portion of the population, and (2)
270 mg/L of sodium i1s representative of mineralized waters that
may be aesthetically unacceptable, but many domestic water

supplies exceed this level. Treatment for removal of sodium in



Y

water supplies IS costly (NAS, 1974).

A study based on consumer surveys in 29 California water
systems was made to measure the taste threshold of dissolved
salts in water (Bruvold et al., 1969). Systems were selected to
eliminate possible interferences from other taste-causing
substances than dissolved salts. The study revealed that
consumers rated waters with 319 to 397 mg/L dissolved solids as
v"excellent" whille those with 1,283 to 1,333 mg/L dissolved solids
were "‘unacceptable’ depending on the rating system used. A "good"
rating was registered for dissolved solids less than 658 to 755
mg/L. The 1962 PHS Drinking Water Standards recommended a
maximum dissolved solids concentration of 500 mg/L unless more
suitable supplies were unavailable.

Specific constituents included in the dissolved solids In
water may cause mineral tastes at lower concentrations than other
constituents. Chloride ions have frequently been cited as having
a low taste threshold in water. Data from Ricter and MacLzan
(1939) 0n a taste panel of 53 adults indicated that 61mg/L Nacl
was the median level for detecting a difference from distilled
water. At a median concentration of 395 mg/L chloride a salty
taste was distinguishable, although the range was from 120 to
1,215 mg/L. Lockhart, st al. 1955) evaluated the effect of
chlorides on water used for brewing coffee indicated threshold
concentrations for chloride ranging from 210 mg/L to 310 mg/L
depending on the associated cation. These data indicate that a

level of 250 mg/L chlorides is a reasonable maximum level to

protect consumers of drinking water.



The causation of corrosion and encrustation of metallic
surfaces by water containing dissolved solids is well knomn. In
water distribution systems corrosion is controlled by insulating
dissimilar metal connections by nonmetallic materials, using pH
control and corrosion inhibitors, or some form of galvanic or
impressed electrical current systems (Lehmann, 1964). In
household systems water piping, wastewater piping, water heaters,
faucets, toilet flushing mechanisms, garbage grinders and both
clothes and dishwashing machines incure damage.

By using water with 1,750 mg/L dissolved solids as compared
with 250 mg/L, service life was reduced from 70 percent for
toilet flushing mechanisms to 30 percent for washing equipment.
Such i1Increased corrosion was calculated in 1968 to cost the
consumer an additional $0.50 per 1,000 gallons used.

All species of fish and other aquatic life must tolerate a
range of dissolved solids concentrations In order to survive
under natural conditions. Based on studies in Saskatchewan it
has been indicated that several common freshwater species
survived 10,000 ng/L dissolved solids, that whitefish and piks-
perch survived 15,000 mg/L, but only the stickleback survived
20,000 mg/L dissolved solids. 1t was concluded that lakes with
dissolved solids In excess of 15,000 mg/L were unsuitable for
most freshwater fishes (Rawson and Moore, 1944). The 1968 NTAC
Report also recommended maintaining osmotic pressure levels of

less than that caused by a 15,000 mg/L solution of sodium

chloride.



Marine fishes also exhibit variance in abilitytotolerate
salinity changes. However, fishkills in Laguna Madre off the
Texas coast have occurred with salinities in the range of 75to
100 o/00. Such concentrated seawater IS caused by evaporation
and lack of exchange with the Gulf of Mexico (Rounsafell and
Everhart, 1953).

Estuarine species of fish aretolerant of salinity changes
ranging from fresh to brackish to seawater. Anadromous species
likewise are tolerant although evidence indicates that the young
cannot tolerate the change until the normal time of migration
(Rounsefell and Everhart, 1953). Other aquatic species are more
dependent on salinity for protection from predators orrequire
certain minimal salinities for successful hatching of eggs. The
oyster drill cannot tolerate salinities less than 12.5 o/oco.
Therefore, estuarine segments containing salinities below about
12.5 o/oo produce most of the seed oysters for planting
(Rounsefell and Everhart, 1953). Based on similar examples, the
1968 NTAC Report recommended that to protect fish and other
marine animals no changes in hydrography or stream flow should be
allowed that permanently 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 extrapolated from data
collected on domestic species such as chickens. However, young
ducklings were reported poisoned in Suigan Marsh by salt when
maximum summer salinities varied from 0.55 to 1.74 o/0cc with

means as high as 1.26 o/oco (Griffith, 1963).



Indirect effects of excess dissolved solids are primarily the
elimination of desirable food plants and other habitat-forming
plants. Rapid salinity changes cause plasmolysis of tender
leaves and stems because of changes in osmotic pressure. The
1968 NTAC Report recommended the following limits in salinity

variation from natural to protect wildlife habitats:

Natural Salinity Variation Permitted
{o/00) (o/00)
0to 3.5 1

3.5 to 13.5 2

13.5 to 35 4

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/L of salts of sodium and calcium combined with
bicarbonates, chlorides, and sulfates but only 10,000 mg/L of
corresponding salts of potassium and magnesium. The approximate
limit for highly alkaline waters containing sodium and calcium
carbonates is 5,000 mg/L (NTAC, 1968).

Irrigation use of water depends not only 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).

Table ¢.-Dissolved Solids Hazard for Irrigation Water {(mg/L).
water from which no detri-

mental effects will usually
pe hoticed--—---————-—-—————————— 500

.

s



water which can have detri-
mental effects on sensi-
tive Ccrops-==-===--ccmmmmccaaa 500-1,000

water that may have adverse

effects on many crops and
requires careful manage-

ment Practices--------- ———————- 1,000-2,000
water that can be used for

tolerant plants on perme-

able soils with careful

management practices----------- 2,000-5,000

The amount of sodium and the percentage of sodium in relation
to other cations are often important. In addition to
contributing to osmotic pressure, sodium is toxic to certain
plants, especially fruits, and frequently causes problems in soil
structure, infiltration, and permeability rates (Agriculture
Handboock #60, 1954). A high percentage of exchangeable sodium in
soils containing clays that swell when wet can cause a soil
condition adverse to water movement and plant growth. The
exchangeable-sodium percentage (ESP)* is an index of the sodium
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,
whereas for general crops and forages a range of 8 to 18 is
generally considered usable (NTAC, 1968). It is emphasized that
application of these factors must be interpreted in relation to
specific soil conditions existing in a given locale and therefore
frequently requires field investigation.

Industrial requirements regarding the dissolved solids

content of raw waters is quite variable. Table 10 indicates



Waters That Have Been Used as Sources for

Table 10.-Total Dissolved Solids Concentrations of Surface .
Industrial Water Supplies

Industry/Use Maximum Concentration
(mg/L)
Textile 150
Pulp and Paper 1,080
Chemical 2,500
Petroleum 3,500
Primary Metals . 1,500
Boiler Make-up 35,000



maximum values accepted by various industries for
requirements (NAS, 1974).

process
Since water of almost any dissolved

solids concentration can be de-ionized to meet the most stringent

requirements, the economics of such treatment are the limiting
factor for industry.

*ESP = 100 [a t b(SAR)]
1 a+ b(sSAR)}

where: a = intercept respresenting experimental
error

grangeS'from -0.06 to 0.01)
b =slope of regression line (ranges
from 0.014 to 0.016)

#*3AR = sodium adsorption ratio = Na -
[0.5(Ca T Mg) )"~

SAR 1s expressed as millisquivalants

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



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

INTRODUCTION:

The term "suspended and settleable sclids" is descriptive of
the organic and inorganic particulate matter in water. The

equivalent terminology used for solids in Standard Methods (APHA,

1971) is total suspended matter for suspended solids, settleable
matter for settleable solids, volatile suspended matter for
volatile solids 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 control literature.

RATIONALE :

Suspended solids and turbidity are important parameters in
both municipal and industrial water supply practices. Finished
drinking waters have a maximum limit of 1turbidity unit where
the water enters the distribution system. This limit is based on
health considerations as it relates to effective chlorine
disinfection. Suspended matter provides areas where
microorganisms do not come into contact with the chlorine
disinfectant (NAS,1974). The ability of common water treatment
processes (i.e., coagulation, sedimentation, filtration, and
chlorination) to remove suspended matter to achieve acceptable
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 is not possible to delineate a .

general raw water criterion for these uses.

Turbid water iInterferes with recreational use and aesthetic
enjoyment of water. Turbid waters can be dangerous for swimming,
especially i1f diving facilities are provided, because ofthe
possibility of unseen submerged hazards and the difficulty in
locating swimmers iIn 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 protected by suspended
solids criteria developed for protection of fish and other
aquatic life.

Fish and other agquatic life requirements concerning suspended
solids can be divided into those whose effect 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 European Inland Fisheries Advisory Commission (EIFAC, 1965).

This review iIn 1965 identified four effects on the fish and fish
food populations, namely:

(@ by acting directly on the fish swimming in water in which
solids are suspended, and either killing them or reducing
their growth rate, resistance to disease, etc.;

@ by preventing the successful development of fish eggs and

larvae; .

Prowrdd

(3) by modifying natural movements and migrations of Fish; e



(4) by reducing the abundance of food available to the

fish;. ..

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
(E1FAC, 1965; Edberg and Hofsten, 1973). In a study downstream
from the discharge of a rock quarry where inert suspended solids
were increased to 80 mg/L, the density of macroinvertebrates
decreased by 60 percent while in areas of sediment accumulation
benthic invertebrate populations also decreased by 60 percent
regardless of the suspended solid concantrations (Gammon, 1970).
similar effects have been reported downstream from an area which
was intensively logged. Major increases in stream suspended
solids (25 ppm turbidity upstream versus 390 ppm downstream)
caused smothering of bottom invertebrates, reducing organism
density to only 7.3 per square foot versus 25.5 per square foot
upstraam (Tebo, 1955).

When settleable solids block gravel spawning beds which
contain eggs, 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 turbulence (EIFAC,

1965) .



Deposition of organic materials to the bottom sediments can
cause 1mbalances i1n stream biota by iIncreasing bottom animal
density principally worm populations, and diversity is reduced as
pol lution-sensitive forms disappear (Mackenthun, 1973). Algae
likewise Flourish In such nutrient-rich areas although forms may
become less desirable (Tarzwell and Gaufin, 1953).

Plankton and i1norganic suspended materials reduce light
penetration into the water body, reducing the depth of thephotic
zone. This reduces primary production and decreases fish food.
The NAS commitee in 1974 recommended that the depth of light
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 lower portions of the water
body .

One partially offsetting benefit of suspended i1norganic
material In water i1s the sorption of organic materials such as
pesticides. Following this sorption process subsequent
sedimentation may remove these materials from the water column
into the sediments (NAS, 1974).

Identifiable effects of suspended solids on irrigation use of
water i1nclude the formation of crusts on top of the soil which
inhibits water infiltration and plant emergence, and impedes soil
aeration; the formation of films on plant leaves which blocks

sunlight and impedes photosynthesis and which may reduce the



marketability of some leafy crops like lettuce, and finally the
adverse effect on i1rrigation reservoir capacity, delivery canals,
and other distribution equipment (NAS, 1974).

The criterion for freshwater fish and other aquatic lifears

essentially that proposed by the National Academy of Sciences and

the Great Lakes Water Quality Board.

QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



SULFIDE = HYDROGEN SULFIDE

CRITERION:

2 ug/L undissociated H,S for
fish and other aquatic life, fresh
and marine water.

INTRODUCTION:

Hydrogen sulfide is a soluble, highly poisonous, gaseous
compound having the characteristic odor of rotten eggs. It is
detectable in air by humans at a dilution of 0.002 ppm. It will
dissolve in water at 4,000 mg/L at 20° C and one atmosphere of
pressure. Hydrogen sulfide biologically is an active compound
that is found primarily as an anaerobic degradation product of
both organic sulfur compounds and inorganic sulfates. Sulfides
are constituents of many industrial wastes such as those from
tanneries, paper mills, chemical plants, and gas works. The
anaerobic decomposition of sewage, sludge beds, algae, and other
naturally deposited organic material is a major source of
hydrogen sulfide.

When soluble sulfides are added to water they react with
hydrogen ions to form HS or H,S, the proportion of each depending
on the pH. The toxicity of sulfides derives primarily from H,S

rather than from the hydrosulfide (Hs8”) or sulfide (s=) ions.
When hydrogen sulfide dissolves in water 1t dissociates according

to the reactions:

HpS HS_ + H, and HS_ s_ tH,

At pH 9 about 99 percent of the sulfide isinthe form of Hs_
,atpH 7 thesulfideisequally divided between HS_ and H,S; and

at pH 5 about 99 percent of the sulfide is present as H,S (NAS



1974). The fact that H,8 is oxidized in well-aerated water
by natural biological systems to sulfates or is biologically
oxidized to elemental sulfur has caused investigators to minimize

the toxic effects of H,S on fish and other aquatic life.

RATIONALE:

The degree of hazard exhibited by sulfide to aquatic animal
life is dependent on the temperature, pH, and dissolved oxygen.
At lower pH values a greater proportion is in the form of the
toxic undissociated H,5. In winter when the pH is neutral or
below or when dissolved oxygen levels are low but not lethal to
fish, the hazard from sulfides is exacerbated. Fish exhibit a
strong avoidance reaction to sulfide. Based on data from
experiments with the stickleback, Jones (1964) hypothesized that
if fish encounter a lethal concentration of sulfide there is a
reasonable chance they will be repelled by it before they are
harmed. This, of course, assumes that an escape route is open.

Many past data on the toxicity of hydrogen sulfide to fish
and other aquatic life have been based on extremely short
exposure periods. Consequently, these early data have indicated
that concentrations between 0.3 and 04 wnmg/L permit fish to
survive (Van Horn 1958, Boon and Follis 1967, Theede et al.,
1969). Recent :ong=-term data, both in field situations and under
controlled lakoratory conditions, demonstrate hydrogen sulfide
toxicity at lower concentrations.

Colby and Smiti-i (1967) found that concentrations as high as
0.7 mg/L have been found within 20 mm of the bottom of sludge

beds, and the levels of 0.1 to 0.02 mg/L were common within the




first 20 mm of water above this layer. Walleye (stizostedion
vitreum) eggs held in trays in this zone did not hatch. Adelman

and Smith (1970) reported that the hatchability of northern pike

(Esox lucius) eggs was substantially reduced at 25 ug/L H,S: at
41 ug/L mortality was almost complete. Northern pike fry had 96-
hour LC50 values that varied from 17 to 32 ug/L at normal oxygen
levels of 6.0 mg/L. The highest concentration of hydrogen
sulfide that had no observable effect on eggs and fry was 14 and
4 ug/L, respectively. Smith and Oseid (1972), working on eggs,
fry and juveniles of walleyes and white suckers (Catostomus

commersoni) and Smith (1971), Safe levels in working on walleyes

and fathead minnows, Pimephales promelas, were found to vary from

29 ug/L to 12 ug/L with eggs being the least sensitive and
juveniles being the most sensitive in short-term tests. In 96~

hour bioassays, fathead minnows and goldfish, Carassius auratus,

varied greatly in tolerance to hydrogen sulfide with changes in
temperature. They were more tolerant at low temperatures (6 to
10, C). Holland, et al. (1960) reported that 1.0 mg/L 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 bluegill (Lepomis macrochirus) juveniles

and adults was 2 ug/L. Egg deposition in bluegills was reduced
after 46 days in 1.4 ug/L H,S8 (Smith and Oseid, 1974). White
sucker eggs were hatched at 15 ug/L, but juveniles showed growth
reductions at 1 ug/L. Safe level for fathead minnows were
between 2 and 3 ug/L. Studies showed that safe levels for

Gammarus Pseudolimnaeus and Hexagenia limbata were 2 and 15 ug/L,

respectively (Oseid and Smith, 1%74a, 1974b). Some species



typical of normally stressed habitats, As2l1lus spp., were much
more resistant (oseid and Smith, 1974¢),

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 1s recognized that the hazard from hydrogen sulfide to .
aquatic life 1s often localized and transient. Available data
indicate that water containing concentrations of 20 ug/L
undissociated H,5 would not be hazardous to most fish and other
aquatic wildlife, but concentrations in excess of 20 ug/L would

constitute a long-term hazard.

!

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



. ' 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 aguatic organisms.

RATIONALE =

Fish or shellfish with abnormal flavors, colors, tastes or
odors are either not marketable or will result iIn consumer
complaints and possible rejection of the food source even though
subsequent lots of organisms may be acceptable. Poor product
quality 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 is

part of their recreation and off-flavored catches can result in
diversion of the sportsmen to other water bodies. This can have
serious economic impact on the established recreation industries
such as tackle and bait sales and boat and cottage rental .

Water Quality Criteria, 1972 (NAS, 1974) lists a number of
wastewaters and chemical compounds that have been found to lower
the palatability of fish flesh. Implicated wastewaters included
those from 2,4-0 manufacturing plants, kraft and neutral sulfite
pulping processes, municipal wastewater treatment plants, oily
wastes, refinery wastes, phenolic wastes, and wastes from
slaughterhouses. The 1ist ofF impl icated chemical compounds 1is
long: i1t 1ncludes cresol and phenol compounds, kerosene,
. naphthol, styrene, toluene, and exhaust outboard motor fuel. As

little as 0.1 ug/L o-chlorophenol was reported to cause tainting



of fish flesh.

Shumway and Palsnsky 1973) determined estimated threshold
concentrations for 22 organic compounds. The values ranged from
04 ug/L (,4-dichlorophenol) to 95,000 ug/L (formaldehyde). An
additional 12 compounds were tested, 7 of which were not found
to impair flavor at or near lethal levels.

Thomas (1973) reviewed the literature review on tainting
substances revealed serious problems that have occurred. Detailed
studies and methodology used to evaluate the palatability of
fishes in the Ohio River as affected by various waste discharges
showed that the susceptibility of fishes to the accumulation of
tainting substances is variable and dependent upon the species,
length of exposure, and the poliutant. As little as 5 ug/L of
gasoline can impart off-flavors to fish (Boyle, 1967).

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX ¢ FOR METHODOLOGY




TEMPERATURE

CRITERIA:

Freshwater Aquatic Life

For any time of year, there are two upper limiting
temperatures for a location (based on the important sensitive
species found there at that time):

1. One limit consists of a maximum temperature for short
exposures that i1s time dependent and i1s given by the spscies-
specific equation:

Temperature =(1/b) (1o time ] —a) - 2. C
P (Cy) 1(0g [(min) ) 7 2

where: log,, = logarithm to base 10 (common logarithm)

a = 1ntercept on the "O)lz" or logarithmic axis
of the l'ine fitted to experimental data
and which is available for some species
from Appendix 11-C, National Academy of
Sciences 1974 document.

b = slope of the line fitted to experimental
data and available for some species from
Appendix 11-¢, of the National Academy
of Sciences document.

and
2. The second value is a limit on the weekly average
temperature that:

a. In the cooler months (nid-October to mid-April iIn the
north and December to February in the south) will
protect against mortality of importr to mid-April iIn the
north and December to February iIn 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 2Pto -~ ynen the lower

lethal threshold temperature equals the ambient water
temperature (in some regions this limitation may also be
applicable in summer).
or

In the warmer months (April through October iIn the north
and March through November in the south) iIs determined
by adding to the physiological optimum temperature
(usually for growth) a factor calculated as one-third of
the difference between the ultimate upper iIncipient
lethal temperature and the optimum temperature €or the
most sensitive Important species (and appropriate life
state) that normally i1s found at that location and time.

or

During reproductive seasons (generally April through
June and September through October iIn the north and
March through May and October through November in the
south) the limit 1s that temperature that meets site-
specific requirements for successful migration,
spawning, egg incubation, fry rearing, and other
reproductive functions of iImportant species. These
local requirements should supersede all other
requirements when they are applicable.
or

There is a site-specific limit that 1s found necessary
to preserve normal species diversity or prevent

appearance of nuisance organisms.




Marine Agquatic Life

In order to assure protection of the characteristic

indigenous marine community of a water body segment from adverse

thermal effects:

a.

the maximum acceptable increase In the weekly
average temperature resulting from artificial
sources is 1° C (1.8 F) during all seasonsofthe
year, providing the summer maxima are not exceeded;
and

daily temperature cycles 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 communities of the discharge area, should be established

on a site-specific basis. Existing studies suggest the following

regional limits:



Short-term Max amum .
Max imum True Daily_Mean*

Sub tropical regions (south of 32.2°9 C (90° F) 29.4° C (83° F)

Cape Canaveral and Tampa Bay,

Florida, and Hawaii

Cape Hatteras, N.C., to 32.2° C (90° F) 29.4° C (85° F)
Cape Canaveral, Fla.

Long Island (south shore) 30.6° C (87° F) 27.8° C (82° P)
to Cape Hatteras, N.C.

(* True Daily Mean = average of 24 hourly temperature readings.)
Baseline thermal conditions should be measured at a site

where there is no unnatural thermal addition from any source,

which is In reasonable proximity to the thermal discharge (within

5 miles) and which has similar hydrography to that of .the
receiving waters at the discharge.
INTRODUCT ION:

The uses of water by man in and out of its natural situs 1In
the environment are affected by 1i1ts temperature. Offstream
domestic uses and instream recreation are both partially
temperature dependent. Likewise, the life associated with the
aquatic environment in any location has its species composition
and activity regulated by water temperature. Since essentially
all of these organisms are so-called "cold blooded!" oOr
poikilotherms, the temperature of the water regulates their
metabolism and ability to survive and reproduce effectively.
Industrial uses for process water and for coolingare likewise
regulated by the water"s temperature. Temperature, therefore, is

an important physical parameter which to some extent regulates

many of the beneficial uses of water. The Federal Water

Pollution Control Administration in 1967 called temperature a



catalyst, a depressant, an activator, a restrictor, a stimulator,
a controller, a killer, one of the most important and most
influential water quality characteristics to life iIn water,”
RATIONALE :

The suitability of water for total body immersion is greatly
affected by temperature. In temperate climates, dangers from
exposure to low temperatures is more prevalent than exposure to
elevated water temperatures. Depending on the amount of activity
by the swimmer, comfortable temperatures range from 20° C to 30°
¢, Short durations of lower and higher temperatures can be
tolerated by most individuals. For example, for a 30-minute
period, temperatures ot 10° C or 35° C can be tolerated without
harm by most individuals (NAS, 1974).

Temperature also affects the self-purification phenomenon in
water bodies and therefore the aesthetic and sanitary qualities
that exist. Increased temperatures accelerate the biodegradation
of organic material both In the overlying water and in bottom
deposits which makes iIncreased demands on the dissolved oxygen
resources of a given system. The typical situation iIs exacerbated
by the fact that oxygen becomes less soluble as water temperature
Increases. Thus, greater demands are exerted on an increasingly
scarce resource which may lead to total oxygen depletion and
obnoxious septic conditions. These effects have been described by
Phelps (1944), Carp (1963), and vslz (1970).

Indicator enteric bacteria, and presumably enteric pathogens,
are likewise affected by temperature. It has been shown that
both total and fecal coliform bacteria die away more rapidly in

the environment 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. In
one study, difficulty was especially pronounced below 5° C
(Hannah, et al., 1967). Decreased temperature also decreases the
effectiveness of chlorination. Based on studies relating
chlorine dosage to temperature, and with a 30-minute contact
time, dosages required for equivalent disinfective effect
increased by as much as a factor of 3 when temperatures were
decreased from 20° C to 10° C (Reid and Carlson, 1974).
Increased temperature may increase the odor of water because of
the increased volatility of odor-causing compounds (Bumson,
1938). Odor problems associated with plankton may also be
aggravated.

The effects of temperature on aquatic organisms have been the
subject of comprehensive literature reviews (Brett, 1956; Fry,
1967; FWPCA, 1967; Kine, 1970) and annual literature reviews
published by the Water Pollution Control Federaticn (Coutant,
1968, 1969, 1970, 1971; Coutant and Goodyear, 1972; Coutant and
Pfuderer, 1973, 1974). Only highlights from the thermal effects
on aquatic life are presented here.

Temperature changes in water bodies can alter the existing
aquatic coomunity. The dominance of various phytoplankton groups
in specific temperature ranges has been shown. For example, from
209 C to 25° C, diatoms predominated; green algae predominated

from 30° C: to 35° C and blue-greens predominated above 335° C



. (cairns, 1956). Likewise, changes from a coldwater fishery to a
warm-water fishery can occur because temperature may be directly
lethal to adults or fry cause a reduction of activity or limit
reproduction (Brett, 1960).

Upper and lower limits for temperature have been established
for many aquatic organisms. Considerably more data exist for
upper as opposed to lower limits. Tabulations of lethal
temperatures for fish and other organisms are available (Jones,
1964: FWPCA, 1967 NAS, 1974). Factors such as diet, activity,
age, general health, osmotic stress, and even weather contribute
tothe lethality of temperature. The aquatic species, thermal
accumulation state and exposure time are considered the critical
factors (Parker and Xrenkel, 1969).

‘ The effects of sublethal temperatures on metabolism,
respiration, behavior, distribution and migration, feeding rate,
growth, and reproduction have been summarized by Be Sylva (1969).
Another study has illustrated that inside the tolerance zone
there is encompassed a more restrictive temperature range in
which normal activity and growth occur and yet an even more
restrictive zone inside that in which normal reproduction will
occur (Brett, 1960).

De Sylva (1969) has summarized available data on the combined
effects of increased temperature and toxic materials on fish
indicate that toxicity generally increases with increased
temperature and that organisms subjected to stress from toxic

. materials are less tolerant of temperature extremes.

The tolerance of organisms to extremes of temperature 1s a

function of their genetic ability to adapt to thermal changes




within their characteristic temperature range, the acclimation
temperature prior to exposure, and the time of exposure to the
elevated temperature (Coutant, 1972). The upper incipient lethal
temperature or the highest temperature that 50 percent of a
sample of organisms can survive iIs determined on the organism at
the highest sustainable acclimation temperature. The lowest
temperature that 50 percent of the warm acclimated organisms can
survive in 1Is the ultimate lower incipient lethal temperature.
True acclimation to changing temperatures requires several days
(Brett, 1941). The lower end of the temperature accommodation
range for aquatic life is 0° C in fresh water and somewhat less
for saline waters. However, organisms acclimated to relatively
warm water, when subjected to reduced temperatures that under
other conditions of acclimation would not be detrimental, may
suffer a significant mortality caused by thermal shock (Coutant,
1972).

Through the natural changes iIn climatic conditions, the
temperatures of water bodies fTluctuate daily, as well as
seasonally. These changes do not eliminate indigenous aquatic
populations, but affect the existing community structure and the
geographic distribution of species. Such temperature changes are
necessary to induce the reproductive cycles of aquatic organisms
and to regulate other life factors (Mount, 1969).

Artificially induced changes such as the return of cooling
water or the release of cool unypolimnetic waters Tfrom
impoundments may alter indigenous aquatic ecosystems (Coutant,

1972). Entrained organisms may be damaged by temperature



Increases across cooling water condensers 1T the increase 1s
sufficiently great or the exposure period sufficiently long.
Impingement upon condenser screens, chlorination for slime
control, or other physical iInsults damage aquatic life (Raney,
1969: Patrick, 1969 (b)). However, Patrick (1959 (a)) has shown
that algae passing through condensers are not injured if the
temperature of the outflowing water does not exceed 345° C.

In open waters elevated temperatures nay affect periphyton,
benthic invertebrates, and fish, In addition to causing shifts In
algal dominance. Trembley (1960) studies of the Delaware River
downstream from a power plant concluded that the periphyton
population was considerably altered by the discharge.

The number and distribution of bottom organisms decrease as
water temperatures increase. The upper tolerance limit for a
balanced benthic population structure is approximately 32° ¢, A
large number of these invertebrate species are able to tolerate
higher temperatures than those required for reproduction (FWPCA,
1867) .

In order to define criteria for fresh waters, Coutant (1972)
cited the following was cited as currently definable
requirements:

1. Maximum sustained temperatures that are consistent with
maintaining desirable levels of productivity,

2, maximum levels of metabolic acclimation to warm
temperatures tnhat will permit return to ambient winter
temperatures should artificial sources of heat cease,

3. Time-dependent temperature limitations for survival of
brief exposures to temperature 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 feeding (and other activities) by
juveniles, and temperatures reﬂrlred for metamorphosis,
emergence, Or other activities of lower forms,

5. Thermal limits for diverse species compositions of aquatic
communities, particularly where reduction in diversity
creates nuisance growths of certain organisms, or where
important food sources (food chains) are altered,

6. Thermal requirements of downstream aquatic life (in

rivers) where upstream diminution of a coldwater resource

will adversely affect downstream temperature requirements.

The major portion of such information that is available,
however, i1s for freshwater fish species rather than lower forms
of marine aquatic life.

The temperature-time duration for short-term exposures such
that 50 percent of a given population will survive an extreme
temperature frequently is expressed mathematically by fitting
experimental data with a starignht line on a semi-logarithmic plot
with time on the logarithmic scale and temperature on the linear
scale (see fig. D. In equation form this 50 percent mortality
relationship 1is:

10gt0 (time (Minutes)y — 5 + p (Temperature (° c))
where: 10¢1°= logarithm to base 10 (common logarithm)
a = intercept on the "y" or logarithmic axis of_
the line fitted to experimental data and which
is available for some species from Appendix II-cC,
of the National Academy of Sciences document.
b = slope of the line fitted to experimental data
and which is available for some species from
Appendix I1-¢, of the National Academy of
Sciences document.
To provide a safety factor so that none or only a few

organisms will perish, 1t 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 mortality for 50 percent of the
population would be calculated and reduced by 2° C in the case
of an elevated temperature. Available scientific information
includes upper and lower iIncipient lethal temperatures,
coefficients "a" and "b" for the thermal resistance equation, and
information of size, life stage, and geographic source of the
particular test species (Appendix 11-¢, NAS, 1974).

Maximum temperatures for an extensive exposure (s.g,, more
than 1 week) must be divided into those for warmer periods and
winter. Other than for reproduction, the most temperature-
sensitive life function appears to be growth (<¢autant, 1$72).
Coutant (1972) has suggested that a satisfactory estimate of a
limiting maximum weekly mean temperature may be an average of the
optimum temperature for growth and the temperature €or zero net
growth.

Because of the difficulty in determining the temperature of
zero net growth, essentially the same temperature can be derived
by adding to the optimum essentially to temperature (for growth
or other physiological functions) a factor calculated as srnz-~
third of the difference between the ultimate upper iIncipient
lethal temperature and the optimum temperature (NAs, 1974). In

equation form:

Maximum weekly ultimate upper optimum)
average = optimum + 173 (incipient 1=thal = temperature)
temperature temperature temperature)

Since temperature tolerance varies with various states of

development of a particular species, the criterion for a



particular location would be calculated for the most important
life form likely to be present during a particular month. One
caveat in using the maximum weekly mean temperature is that the
1imit for short-term exposure must not be exceeded. Example
calculations for predicting the summer maximum temperatures for
short-term survival and for extensive exposure for various fish
species are presented in Table 11. These calculations use the
above equations and data from EPaA's Environmental Research
Laboxatory in Duluth.

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 driven from an area by addition of biccides oOr
other factors. However, there are inadequate data to estimate a
safety factor for the "no stress” level from cold shocks (NAS,
1974). Figure 2 was developed from available data in the
literature (ERL-Duluth, 1976) and can be used for estimating
allowable winter temperature increases.

Coutant (1972) has reviewed the effects of temperature on
aquatic life reproduction and development. Reproductive events
are noted as perhaps the most thermally restricted of all life
phases assuming other factors are at or near optimum levels.
Natural short-term temperature fluctuations appear to cause

reduced reproduction of fish and invertebrates.



Maximum Weekly Average Temperatures for Growth and Short-Term
Maxima for Survival for Juveniles and
Adults During the Summer
(Centigrade and Fahrenheit).

. TABLE 11.-Example Calculated Values for

Species Growth? MaximaP
Atlantic salmon 20 (68) 23 (73)
Bigmouth buffalo
Black crappie 27 (81
Bluegill 32 (90) 35 (95)
Brook trout 19 (66) 24 (75)
Carp i
Channel catfish 32 (90) 35 (95)
Coho salmon 18 (64) 24 (75)
Emerald shiner 30 (86)

Freshwater drum

Lake herring (Cisco) 17 (63) 25 an
Largemouth bass 32 (90) 34 (93)
Northern pike 28 (82) 30 (86)
Rainbow trout 19 (66) 24 (75)
Sauger 25 an

Smal Imouth bass 29 (84)

Smal Imouth buffalo

Sockeye salmon 18 (64) 22 (72
Striped bass

Threadfin shad

White bass

White crappie 28 (82)

White sucker 28 (82)

Yellow perch 29 (84)
a - Calculated according to the equatron (using optimum

temperature for growth)
maximum weekly average temperature for growth = optimum
temperature + 1/3 (ultimate incipient lethal tempsrature-
optimum temperature.

b - Based on temperature (°c) =1/b (10g'? time piny -2)
2° C, acclimation at the maximum weekly average temperature
€or summer growth, and data in Appendix 1r-¢ of Water

. Quality Criteria, published by National Academy of Sciences.
c = Based on data for larvae (ERL-Duluth, 1976).



There are i1ndadequate data available quantitating the most
temperature-sensitive life stages among various aquatic species.
Uniform elevation of temperature a few degrees but still 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 juveniles and their normal food source. Such asynchrony
may be most pronounced among anadromous species Or other migrants
who pass from the warmed area to a normally chilled, unproductive
area. Reported temperature data on maximum temperatures for
spawning and embryo survival have been summarized In Table 12
(from ERL-Dulluth 1976).

Although the limiting effects of thermal addition to
estuarine and marine waters are not as conspicuous in the fall,
winter, and spring as during the summer season of maximum heat
stress, nonetheless crucial thermal limitations do exist. Hence,
it is @mportant that the thermal additions to the receiving
waters be minimized during all seasons of the year. Size of
harvestable stocks of commercial fish and shellfish, particularly
near geographic limits of the fishery, appear to be markedly
influenced by slight changes in the long-term temperature regime
(Dow, 1973).

Jefferies and Johnson (1974) studied the relationship between
temperature and annual variation In 7-year catch data for winter

flounder,Pseudopleuronectes amsricanus: In Narragansett Bay,

Rhode Island, revealed that a 78 percent decrease in annual catch

correlated closely with a 0.5°c increase in the average




temperature over the 30-month period between spawning and

recruitment iInto the fishery. Sissenwine's 1974 model predicts a

68 percent reduction of recruitment iIn yellowtail flounder,

Limanda £er®ruginea, with a 1°c long-term elevation in southern

New England waters.




TABLE 12.

i Summary of Reported Values for
Maximum Weekly Average Temperature for Spawning and Short-Term
Maxima for Embzyo Survival During the Spawning Season

(Centigrade and Fahrenheit
Species Spawning, Embryo
Survivaly,
Atlantic Salmon 5 (41) 7 (45)
Bigmouth Buffalo 17 (63) 27 (81)c
Black Crappie
Blusgill 25 77) 34 (93)
Brook Trout 9 48) 13 (55)
carp 21 70) 33  (91)
Channel Catfish 27 81) 29 (84)
Coho Salmon 10 50) 13  (55)
Emerald Shiner 24 75) 28 (82)c
Freshwater Drum 21 70) 26 (79)
Lake Herring (Cisco) 3 37) 8 (46)
Largemouth Bass 21 70) 27  (81)
Northern Pike 11 52) 19 (66)
Rainbow Trout 9 48) 13 (55)
Sauger 10 50) 21 (70)
Smallmouth Bass 17 63)
Smal Imouth Buffalo 17 63) 21 (70)
Sockeye Salmon 10 503 13 (55)
Striped Bass 18 64 24  (75)
Threadfin Shad 18 64) 34  (93)
White Bass _ 17 63) 26 (79)
White Crappie 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).
n - the upper temperature for successful i1ncubation and
hatching reported for the species (ERL-Duluth, 1976).

C -~ upper temperature for spawning.



Community balance can be i1nfluenced strongly by such
temperature-dependent factors as rates of reproduction,
recruitment, and growth of each component population. A few
degrees elevation in average monthly temperature can appreciably
alter a community through changes in iInterspecies relationships.
A 50 percent reduction iIn the softshell clam fishery in Maine by

the green crab, carcinus masnus, Illustrates how an iIncrease in

winter temperatures can establish new predator-prey
relationships. Over a period of 4 years, there was a natural
amelioration of temperature and the monthly mean for the coldest
month of each year did not fall below 2°¢. This apparently
precluded appreciable ice formation and winter cold kill of the
green crab and permitted a major expansion of its population,
with increased predation of the softshell clam resulting (Glude,
1954: Welch, 1968).

Temperature is a primary factor controlling reproduction and
can influence many events of the reproductive cycle from
gametogenesis to spawning. Among marine invertebrates,
initiation of reproduction (gametogenesis) IS often triggered
during late winter by attainment of a minimum environmental
threshold temperature. In some species, availability of adequate
food is also a requisite (Pearse, 1970; Sastry, 1975: daVlaming,
1971). Elevated temperature can limit gametogenesis by
preventing accumulation of nutrients In the gonads. This problem
could be acute during the winter iIf food availability and feeding
activity is reduced. Most marine organisms spawn during the

spring and summer; gametogenesis is usually initiated during the



previous fall. 1t should also be noted that some species spawn
only during the fall (herrinhg),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 Mytilus

and the winter flounder, Pseudopleuronectes amsricanus, The two

boreal barnacles require temperatures below 10°¢ 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 behaviorally
by moving to water having temperatures closest to their thermal
preference. This provides a thermal environment which
approximates the optimal temperature for many physiological
functions, including growth (Neill and Magnuson. 1974). As a
conseguence, Fishes usually are attracted to heated water during
the fall, winter, and spring. Avoidance will occur as warmer
temperature exceeds the preferendum by 1 to 3°c¢ (Coutant, 1975).
This response precludes problems of heat stress for juvenile and
adult fishes during the summer, but several potential problems
exist during the other seasons. The possibility of cold shock
and death of plume-entrained fish resulting from winter plant
shutdown is well recognized. Also, iIncreased incidence of
disease and a deterioration of physiological condition has been
observed among plume-entrained TfTishes, perhaps because of
insufficient food (Massengill, 1973). A weight loss of

approximately 10 percent for each 1° C rise in water temperature



has been observed iIn fish when food is absent. (Phillips et al.,
1960) There may also be i1ndirect adverse effects on the
indigenous community because of iIncreased predation pressure if
thermal addition leads to a concentration of fish which are
dependent on this community for their food,

Fish migration i1s often linked to natural environmental
temperature cycles. In early spring, fish employ temperature as
their environmental cue to migrate northward (e.g., menhaden,
bluefish) or to move inshore (winter flounder). Likewise, water
temperature strongly influences timing of spawning runs ofan-
adromous fish into rivers (Leggett and Whitney, 1972). In the
autumn, a number of juvenile marine fishes and shrimp are
dependent on a drop in temperature to trigger their migration
from estuarine nursery grounds for oceanic dispersal or southward
migration (Lund and Maltezos, 1970; Talbot, 1966).

Thermal discharges should not alter diurnal and tidal
temperature variations normally experienced by marine
communities. Laboratory studies show thermal tolerance to be
enhanced when animals are maintained under a diurnally
fluctuating temperature regime rather than at a constant
temperature (Ccostlow and Bookhout, 1971; Furch, 1972; Hoss, et
al.,). A daily cyclic regime can be protective additionally as
1t reduces duration of exposure to extreme temperatures (Pearce,
1969; Gonzalez, 1972).

Summer thermal maxima should be established to protect the
various marine communities within each biogeographic region.

During the summer, naturally elevated temperatures may be of



sufficent magnitude to cause death or emigration (Glynn, 1968;
Vaughn, 1961). This more commonly occurs in tropical and warm
temperate zone waters, but has been reported for enclosed bays
and shallow waters in other regions as well (Nichols, 1918).
Summer heat stress also can contribute to increased incidence of
disease or parasitism (Sinderman, 1965); reduce or block sexual
maturation (Thorhaug, et al., 1971: dsVliaming, 1972); inhibit or
block embryonic cleavage of larval development (Calabrese, 1969) ;
reduce feeding and growth of juveniles and adults (¢ll1a and
Studholme, 1971): result in iIncreased predation (Gonzalez, 1972);
and reduce productivity of macroalgae and seagrasses (South and
Hill, 1970; Zieman, 1970). The general ceilings set forth here
are derived from studies delineating limiting temperatures for
the more thermally sensitive species or communities of a
biogeographic region.

Thermal effects data are presently insufficient to set
general temperature limits for all coastal biogeographic regions.
The data enumerated in the Appendix, plus any additional data
subsequently generated, should be used to develop thermal limits

which specifically consider communities relevant to given water
bodies.

QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX C FOR METHODOLOGY



2,3,7,8-TETRACHLORODIBENZO0-P-DIOXIN

CRITERIA:

Aquatic Life

Not enough data are available concerning the effects of
2,3,7,8-T¢pD0 on aquatic life and its uses to allow derivation of
national criteria. The available information indicates that
acute values for some freshwater animal species are >1.0 ug/L;
some chronic values are <0.01 ug/L; and the chronic value
for rainbow trout 1Is <0.001 ug/L. Because exposures of
some species of fishes to 0.01 ug/L for <4 days resulted in
substantial mortality several weeks later, derivation of
aquatic life criteria for 2,3,7,8-TCc0D may require special
consideration. Predicted Dbioconcentration factors (BCFs) for
2,%,7,8~7¢DD range from 3,000 to 900,000, but the available
measured BCFs range from 390 to 13,000. |If the BCF is 5,000,
concentrations >0.00001 ug/L should result iIn concentrations
in edible freshwater and saltwater fish and shellfish that
exceed levels identified inaUu.s. FDA health advisory. |If the
BCF 1s >5,000 or i1f uptake in a field situation is greater than
that 1n laboratory tests, the value of 0.00001 ug/L will be too
high.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of 2,3,7,8~TCOD exposure through ingestion
of contaminated water and contaminated aquatic organisms, the

ambient water concentration should be zero. This criterion is



based on the nonthreshold assumption for 2,3,7,8-TCDD. However,

zero may not be an attainable level atthistime. .

(49 F.R. 5831, February 15, 1984)
SEE APPENDIX B FOR METHODOLOGY




TETRACHLORQETHYLENE

CRITERIA:

Agquatic Life

The available data for tetrachloroethylene indicate
that acute and chronic toxicity to freshwater aquatic life
occurs at concentrations as low as 5,280 and 840 ug/L,
respectively, and would occur at lower concentrations among
species that are more sensitive than those tested.

The available data for tetrachloroethylene indicate
that acute and chronic toxicity to saltwater aquatic life
occurs at concentrations as low as 10,200 and 450 ug/L,
respectively, and would occur at lower concentrations among

species that are more sensitive than those tested.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to tetrachloroethylene through
ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero, based
on the nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, the
levels which may result in incremental increase of cancer risk
over the lifetime are estimated at 107°, 107%, and 21077.
The corresponding recommended criteria are 8.0 ug/L, 0.80 ug/L,

and 0.08 ug/L, respectively. |IT these estimates are made for



consumption of aquatic organisms only, excluding consumption of .
water, the levels are 838.5 ug/L, 8.8 ug/L, and 0.8 ug/L,

respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



THALLTUM
CRITERIA:

Aquatic Life

The available data for thallium iIndicate that acute and
chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 1,400 and 40 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested. Toxicity to one species of fish
occurs at concentrations as low as 20 ug/L after 2,600 hours of
exposure.

The available data for thallium indicate that acute toxicity
to saltwater aquatic life occurs at concentrations as low as
2,130 ug/L and would occur at lower concentrations among species
that are more sensitive than those tested. No data are
available concerning the chronic toxicity of thallium to

sensitive saltwater aquatic life.

Human Health

For the protection of human health from the toxic properties
of thallium ingested through water and contaminated aquatic
organisms, the ambient water criterion is determined to be 13
ug/L.

For the protection of human health from the toxic properties
of thallium ingested through contaminated aquatic organisms

alone, the ambient water criterion IS determined to be 48 ug/L,

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



TOLUENE
CRITERIA:

Aquatic Life

The available data for toluene indicate that acute toxicity
to freshwater aquatic life occurs at concentrations as low as
17,500 ug/L and would occur at lower concentrations among species
that are more sensitive than those tested. No data are
available concerning the chronic toxicity of toluene to
sensitive freshwater aquatic life.

The available data for toluene indicate that acute and
chronic toxicity to saltwater aquatic life occurs at
concentrations as low as 6,300 and 5,000 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested.

Human Health

For the protection of human health from the toxic properties
of toluene ingested through water and contaminated aquatic
organisms, the ambient water criterion Is determined to be 14.3
mg/L.

For the protection of human health from the toxic properties
of toluene i1Ingested through contaminated aquatic organisms
alone, the ambient water criterion IS determined to be 424
mg/L.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY

NOTE: The u.s. EPA 1s cutrgntlﬁ/ developing Acceptable Daily
Intake (ADI) or Verified Reference Dose (rfD) values €or
Agency-wide use for this chemical. The new value should
be substituted when it becomes available. The January,
1986, draft Verified Reference Dose document cites an RfD
of 0.3 mg/kg/day for toluene.



TOXAPHENE

CRITERIA:
Aquatic Life

For toxaphene the criterion to protect freshwater aquatic
life as derived using the Guidelines 1s 0.013 ug/L as a 24-hour
average, and the concentration should not exceed 1.6 ug/L at any
time.

For saltwater aquatic life the concentration of
toxaphene should not exceed 0.070 ug/L at any time. No data are
available concerning the chronic toxicity of toxaphene to

sensitive saltwater aquatic life.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to toxaphene through ingestion
of contaminated water and contaminated aquatic organisms,
the ambient water concentration should be zero, based on the non
threshold assumption for this chemical. However, zero level may
not be attainable at the present time. Therefore, the levels
which may result In incremental increase of cancer risk over the
lifetime are estimated at 107>, 10~%, and 1077. The
corresponding recommended criteria are 7.1 ng/L, 0.71 ng/L, and
0.07 ng/L, respectively. |If these estimates are made for
consumption of aquatic organisms only, excluding consumption of
water, the levels are 7.3 ng/L, 0.73 ng/L, and 0.01 ng/L,
respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



TRICHLOROETHYLENE

CRITERIA:

Aquatic Life

The available data for trichloroethylene Indicate that acute
toxicity to freshwater aquatic life occurs at concentrations as
low as 45,000 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of trichloroethylene to
sensitive freshwater aquatic life but the behavior of one species
IS adversely affected at concentrations as low as 21,900 ug/L.

The available data for trichloroethylene iIndicate that acute
toxicity to saltwater aquatic life occurs at concentrations as
low as 2,000 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of trichloroethylene to

sensitive saltwater aquatic life.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to trichloroethylene through
ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentration should be zero, based
on the nonthreshold assumption for this chemical. However,
zero level may not be attainable at the present time. Therefore,
the levels which may result in incremental iIncrease of cancer
risk over the lifetime are estimated at 10~°, 10~%, and 1077.
The corresponding recommended criteria are 27 ug/L, 27 ug/L, and

0.27 ug/L, respectively. |IfT these estimates are made for



consumption of aquatic organisms only, excluding consumption .
of water, the levels are 807 ug/L, 80.7 ug/L, and 8.07 ug/L,

respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



VINYL CHLORIDE

CRITERIA:

Aguatic Life

No freshwater organisms have been tested with vinyl chloride
and no statement can be made concerning acute or chronic toxicity.

No saltwater organisms have been tested with vinyl
chloride and no statement can be made concerning acute or

chronic toxicity.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to vinyl chloride through
ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero, based
on the nonthreshold assumption for this chemical. However,
zero level may not be attainable at the present time.
Therefore, the levels which may result in incremental increase of
cancer risk over the lifetime are estimated at 1072, 107%, and
1077, The corresponding recommended criteria are 20 ug/L, 2.0
ug/L, and 0.2 ug/L, respectively. IT these estimates are made
for consumption of aquatic organisms only, excluding consumption
of water, the levels are 5,246 ug/L, 525 ug/L, and 52.5 ug/L,

respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



ZINC
CRITERIA:
Agquatic Life
For total recoverable zinc the crit rion to protect fre hwater
aquatic life as derived using the Guidelines I1s 47 ug/L as a 24-

hour average and the concentration (in ug/L) should not

exceed the numerical value given by
(0.83 [In(hardness)]+1.95) at any time. For example, at
hardnesses of 50, 100, and 200 mg/L as caco? the

concentration of total recoverable zinc should not exceed 180,
320, and 570 ug/L at any time.

For total recoverable zinc the criterion to protect saltwater
aquatic life as derived using the Guidelines is 58 ug/L as a 24-

hour average and the concentration should not exceed 170 ug/L at

any time.

Human Health

Sufficient data are not available for zinc to derive a level
which would protect against the potential toxicity of this
compound. Using available organoleptic data, to control
undesirable taste and odor quality of ambient water the estimated
level 1s 5 mg/L. 1t should be recognized that organoleptic data
have limitations as a basis for establishing a water quality
criteria, and have no demonstrated relationship to potential

adverse human health effects.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY
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DERIVATION QE =z 1985 CRITERION

Derivation of numerical national water quality criteria for
the protection of aquatic organisms and their uses is a complex
process that uses information from many areas of aquatic
toxicology. After a decision i1s made that a national criterion
IS needed for a particular material, all available information
concerning toxicity to, and vicaccumulation by, aquatic organisms
iIs collected, reviewed for acceptability, and sorted. 1T enough
acceptable data on acute toxicity to aquatic animals are
available, they are used to estimate the highest 1-hour average
concentration that should not result in unacceptable effects on
aquatic organisms and theilr uses. IT justified, this
concentration is made a function of a water quality
characteristic such as pH, salinity, or hardness. Similarly,
data on the chronic toxicity of the material to aguatic animals
are used to estimate the highest 4-day average concentration
that should not cause unacceptable toxicity during a long-term
exposure. IT appropriate, this concentration is also related to
a water quality characteristic.

Data on toxicity to aquatic plants are examined to determine
whether plants are likely to be unacceptably affected by
concentrations that should not cause unacceptable effects on
animals. Data on bicaccumulation by aquatic organisms are used
to determine if residues might subject edible species to
restrictions by the US. Food and Drug Administration or If such
residues might harm some wildlife consumers of aquatic life. All

other available data are examined €or adverse effects that mignt



be biologically important.

IT a thorough review of the pertinent information Indicates

that enough acceptable data are available, numerical national

water quality criteria are derived for fresh water or saltwater

or both to protect aquatic organisms and theilr uses from

unacceptable effects due to exposures to high concentrations for

short periods of time, lower concentrations for longer periods of

time, and combinations of the two.

1. Collection of Data

A.

Collect all available data on the material
concerning (a) toxicity to, and pigaccumulation
by, aquatic animals and plants, (b) FDA action
levels (12), and (c) chronic feeding studies and
long-term field studies with wildlife species that
regularly consume aquatic organisms.

All data that are used should be available in
typed, dated, and signed hard copy (publication,
manuscript, letter, memorandum, etc.) with enough
supporting information to indicate that acceptable
test procedures were used and that the results are
probably reliable. 1In some cases it may be
appropriate to obtain additional written
information from the i1nvestigator, i1f possible.
Information that s confidential or privileged or
otherwise not available for distribution should
not be used.

Questionable data, whether published or



(xS

unpublished, should not be used. For example, data
should usually be rejected if they are from tests
that did not contain a control treatment, tests in
which too many organisms in the control treatment
died or showed signs of stress or disease, and
tests in which distilled or deionized water was
used as the dilution water without addition of
appropriate salts.

Data on technical grade materials may be used if
appropriate, but data on formulated mixtures and
emulsifiable concentrates of the material of
concern should not be used.

For some highly volatile, hydrolyzable, or
degradable materials 1t is probably appropriate to
use only results of flow-through tests in which
the concentrations of test material iIn the test
solutions were measured often enough using
acceptable analytical methods.

Data should be rejected 1if they were obtained
using:

1. Brine shrimp, because they usually occur
naturally only iIn water with salinity greater
than 35 ¢/kg.

Species that do not have reproducing wild
populations In North America (See Appendix 1).
Organisms that were previously exposed to
substantial concentrations of the test

material or other contaminants.



Questionable data, data on formulated mixtures and
emulsifiable concentrates, and data obtained with
nonresident species or previously exposed
organisms may be used to provide auxiliary
information but should not be used in the

derivation of criteria.

11. Required Data

A.

Certain data should be available to help ensure
that each of the four major kinds of possible
adverse effects receives adequate consideration.
Results of acute and chronic toxicity tests with
representative species of aquatic animals are
necessary so that data available for tested
species can be considered a useful indication of
the sensitivities of appropriate untested species.
Fewer data concerning toxicity to aquatic plants
are required because procedures for conducting
tests with plants and interpreting the results of
such tests are not as well developed. Data
concerning bioaccumulation by aquatic organisms
are required only if relevant data are available
concerning the significance of residues in aquatic
organisms.

To derive a criterion for freshwater aquatic
organisms and their uses, the following should be

available:

1. Results of acceptable acute tests (see Section



IV) with at least one species of freshwater

animal i1n at least eight different families

such that all of the following are included:

a.

h‘

the fTamily Salmonidae in the class
Osteichthyes

a second Ffamily In the class
Osteichthyes, preferably a commercially or
recreationally important warmwater species
(e.g., bluegill, channel catfish, etc.)

a thira family in the phylum Chordata (may
be In the class Osteichthyes or may be an
amphibian, etc.)

a planktonic crustacean (e.g., cladoceran,
copepod, etc.)

a benthic crustacean (e.g., ostracod,
1sopod, amphipod, crayfish, etc.)

an 1insect (e.g., mayfly, dragonfly,
damselfly, stonefly, caddisfly, mosquito,
midge, etc.)

a family in a phylum other than Arthropoda
or Chordata (e.g., Rotifera, Annelida,
Mol lusca, etc.)

a Tamily 1n any order of iInsect or any

phylum not already represented.

Acute-chronic ratios (see Section VI) with

species of aquatic animals in at least three

different families provided that of the three

species:




a. at least one is a fish

b. at least one is an invertebrate

c. at least one is an acutely sensitive
freshwater species (the other two may be
saltwater species).

Results of at least one acceptable test with a

freshwater alga or vascular plant (see Section

vVIiiI). If plants are among the aquatic

organisms that are most sensitive to the

material, results of a test with a plant in

another phylum (division) should also be

available.

At least one acceptable bioconcentration

factor determined with an appropriate

freshwater species, if a maximum permissible

tissue concentration is available (see Section
IX) .

To derive a criterion for saltwater aquatic

organisms and their uses, the following should be

available:

1.

Results of acceptable acute tests (see Section
Iv) with at least one species of saltwater
animal in at least eight different families
such that all of the following are included:
a. two families in the phylum Chordata

b. a family in a phylum other than Arthropoda
or Chordata

e



c. either the Mysidae or Penaeidae family
d. three other families not in the phylum
Chordata (may i1nclude Mysidae or
Penaeidae, whichever was not used above)
¢. any other family.

2. Acute-chronic ratios (see section V1) with
species of aquatic animals In at least three
different families provided that of the three
species:

a. at least one is a fTish

b. at least one i1s an iInvertebrate

c. at least one 1s an acutely sensitive
saltwater species (the other one may be a
freshwater species).

3. Results of at least one acceptable test with a
saltwater alga or vascular plant (see Section
VIIL. IT plants are among the aquatic
organisms most sensitive to the material,
results of a test with a plant in another
phylum (division) should also be available.

4. At least one acceptable bioconcentration
factor determined with an appropriate
saltwater species, 1T a maximum permissible
tissue concentration is available (see Section
1X).

IT all the required data are available, a numerical

criterion can usually be derived, except In special

cases. For example, derivation of a criterion




might not be possible if the available acute-
chronic ratios vary by more than a factor of 10
with no apparent pattern. Also, if a criterion is
to be related to a water quality characteristic T
(see Sections V and VvIl), more data will be
necessary.

Similarly, if all required data are not available,
a numerical criterion should not be derived except
in special cases. For example, even if not enough
acute and chronic data are available, 1t might be
possible to derive a criterion if the available
data clearly indicate that the Final Residue Value
should be much lower than either the Final Chronic
Value or the Final Plant Value.

Confidence in a criterion usually increases as the
amount of available pertinent data increases.

Thus, additional data are usually desirable.

III. Final Acute Value

A.

Appropriate measures of the acute (short-term)
toxicity of the material to a variety of species of
aquatic animals are used to calculate the Final
Acute Value. The Final Acute Value is an estimate
of the concentration of the material corresponding
to a cumulative probability of 0.05 in the acute
toxicity values for the genera with which
acceptable acute tests have been conducted on the

material. However, in some cases, if the Species



Mean Acute Value of a commercially or
recreational 1y important species is lower than the
calculated Final Acute Value, then that Species
Mean Acute Value replaces the calculated Final
Acute Value in order to provide protection for that
Important species.

Acute toxicity tests should have been conducted
using acceptable procedures [13].

Except for tests with saltwater annelids and
mysids, results of acute tests during which the
test organisms were fed should not be used, unless
data indicate that the food did not affect the
toxicity of the test material.

Results of acute tests conducted in unusual
dilution water, e.g., dilution water in which total
organic carbon or particulate matter exceeded 3
mg/L, should not be used, unless a relationship is
developed between acute toxicity and organic carbon
or particulate matter or unless data show that
organic carbon, particulate matter, etc., do not
affect toxicity.

Acute values should be based on endpoints which
reflect the total severe acute adverse impact of
the test material on the organisms used in the
test. Therefore, only the following kinds of data
on acute toxicity to aquatic animals should be

used:




Tests with daphnids and other cladocerans
should be started with organisms less than 24
hours old and tests with midges should be
stressed with second- or third-instar larvae.
The result should be the 48-hr EC50 based on
percentage of organisms immobilized plus
percentage of organisms killed. If such an
EC50 i1s not available from a test, the 48-hr
LC50 should be used in place of the desired
48-hr ECS50. An EC50 or LC50 of longer than
48 hours can be used as long as the animals
were not fed and the control animals were
acceptable at the end of the test.

The result of a test with embryos and larvae
of barnacles, bivalve molluscs (clams,
mussels, oysters, and scallops), sea urchins,
lobsters, crabs, shrimp, and abalones should
be the 96-hr EC50 based on the percentage of
organisms with incompletely developed shells
plus the percentage of organisms killed. |If
such an EC50 is notavailable froma test, the
lower of the 96-hr EC50 based on the
percentage of organisms with incompletely
developed shells and the 96-hr Lc50 should be
used in place of the desired 96-hr Ec50. |If
the duration of the test was between 48 and 96
hours, the EC50 or LC50 at the end of the test

should be used.



3. The acute values from tests with all other
freshwater and saltwater animal species and
older life stages of barnacles, bivalve
molluscs, sea urchins, lobsters, crabs,
shrimps, and abalones should be the gé-hr EC50
based on the percentage of organisms
exhibiting loss of equilibrium plus the
percentage of organisms immobilized plus the
percentage of organisms killed. |If such an
EC50 1s not available from a test, the 96-hr
LC50 should be used in place of the desired
96-hr ECS50.

4. Testswith single-celled organisms are not
considered acute testa, even if the duration
was 96 hours or less.

5. ITf the tests were conducted properly, acute
values reported as "greater than" values and
those which are above the solubility of the
test material should be used, because
rejection of such acute values would
unnecessarily lower the Final Acute Value by
eliminating acute values for resistant
species.

1f the acute toxicity of the material to aquatic
animals apparently has been shown to be related to
a water quality characteristic such as hardness or

particulate matter for freshwater animals or




salinity or particulate matter for saltwater
animals, a Final Acute Equation should be derived
based on that water quality characteristic. Go to
Section V.

ITf the available data indicate that one or more
life stages are at least a factor of 2 more
resistant than one cr more other life stages of the
same species, the data for the more resistant life
stages should not be used in the calculation of the
Species Mean Acute Value (SMAV) because a species
can only be considered protected from acute
toxicity if all life stages are protected.

The agreement of the data within and between
species should be considered. Acute values that
appear to be questionable in comparison with other
acute and chronic data for the same species and for
other species in the same genus probably should not
be used in calculation of a Species Mean Acute
Value. For example, if the acute values available
For a species or genus differ by more than a factor
of 10, some or all of the values probably should
not be used in calculations.

For each species for which at least one acute
value 1s available, the Species Mean Acute Value
should be calculated as the geometric mean of the
results of all flow-through tests in which the
concentrations of test material were measured. For

a species for which no such result is available,



the Species Mean Acute Value should be calculated
. as the geometric mean of all available acute
values, i.e., results of flow-through tests in
which the concentrations were not measured and
results of static and renewal tests based on
initial concentrations of test material (nominal
concentrations are acceptable for most test
materials i1f measured concentrations are not

available).

NOTE: Data reported by original investigators should not
be rounded off. Results of all intermediate
calculations should be rounded [(14] to four

significant digits.

NOTE: The geometric mean of N numbers is the N*P' root of
the product of the N numbers. Alternatively, the
geometric mean can be calculated by adding the
logarithms of the N numbers, dividing the sum by
N, and taking the antilog of the quotient. The
geometric mean of two numbers is the square root
of the product of the two numbers, and the
geometric mean of one number is that number.
Either natural (base 0) or common (base 10)
logarithms can be used to calculate geometric
means as long as they are used consistently within

. each set of data, i.e., the antilog used must
: match the logarithm Used.

Segs




NOTE:

Geometric means, rather than arithmetic means, are
used here because the distributions of
sensitivities of individual organisms iIn toxicity
tests on most materials and the distributions of
sensitivities of species within a genus are more
likely to be lognormal than normal. Similarly,
geometric means are used for acute-chronic ratios
and bioconcentration factors because quotients are
likely to be closer to lognormal than normal
distributions. In addition, division of the
geometric mean of a set of numerators by the
geometric mean of the set of corresponding
denominators will result in the geometric mean of
the set of corresponding quotients.

For each genus €or which one or more Species Mean
Acute Values are available, the Genus Mean Acute
Value should be calculated as the geometric mean
of the Species Mean Acute Values available for the
genus.

Order the Genus Mean Acute Value from high to low.
Assign ranks, R, to the Genus Mean Acute Value
from *1v for the lowest to "R" €or the highest.
If two or more Genus Mean Acute Values are
identical, arbitrarily assign them successive
ranks.

Calculate the cumulative probability, P, €or each

Genus Mean Acute Value as R/ (N+1).



NOTE:

Select the four Genus Mean Acute VValue which have
cumulative probabilities closest to 0.05 (if there
are less than 59 Genus Mean Acute Value, these
will always be the four lowest Genus Mean Acute
Values).
Using the selected Genus Mean Acute Values and Fs,
calculate:
S,= E(ln GMAV),)~ ((Eln GMAV)),/4)

(P) = ((E /7pP))a/4)
L = (E(1In GMAV) =~ S(E(/"P)))/4

A = S(/*~0.03) +L

FAV = &?

(See {11] for development of the calculation
procedure and Appendix 2 for example calculation
and computer program.)

Natural logarithms (logarithms to base e, denoted
as 1In) are used herein merely because they are
easier to use on some hand calculators and
computers than common (base 10) logarithms.
Consistent use of either will produce the same
result.

If for a commercially or recreationally important
species the geometric mean of the acute values
from flow-through tests in which the
concentrations of test material were measured is
lower than the calculated Final Acute Value, then
that geometric mean should be used as the Final

Acute Value instead of the calculated Final Acute




Q.

Value.

Go to section VI:



I\ Final Acute Equation

A.

NOTE:

When enough data are available to show that acute
toxicity to two or more species is similarly
related to a water quality characteristic, the
relationship should be taken iInto account as
described iIn Sections B-G below or using analysis
of covariance (15,15). The two methods are
equivalent and produce identical results. The
manual method described below provides an
understanding of this application of covariance
analysis, but computerized versions of covariance
analysis are much more convenient for analyzing
large data tests. IT two or more factors affect
toxicity, multiple regression analysis should be
used.

For each species for which comparable acute
toxicity values are available at two or more
different values of the water quality
characteristic, perform a least squares regression
of the acute toxicity values on the corresponding
values of the water quality characteristic to
obtain the slope and 1ts 95 percent confidence

lLimits €or each species.

Because the best documented relationship fitting
these data i1s that between hardness and acute

toxicity of metals i1n fresh water and a log-1log




relationship, geometric means and natural
logarithms of both toxicity and water quality are
used In the rest of this section. For
relationships based on other water quality
characteristics such as pH, temperature, or
salinity, no transformation or a different
transformation might fit the data better, and
appropriate changes will be necessary throughout
this section.

Decide whether the data for eachspecies are
useful, taking into account the range and number
of the tested values of the water quality
characteristic and the degree of agreement within
and between species. For example, a slope based
on six data points might be of limited value if it
iIs based only on data for a very narrow range of
values of the water quality characteristic. A
slope based on only two data points, however,
might be useful 1f It is consistent with other
information and if the two points cover a broad
enough range of the water quality characteristic.
In addition, acute values that appear to be
questionable in comparison with other acute and
chronic data available for the same species and
for other species in the same genus probably
should not be used. For example, 1f after
adjustment for the water quality characteristic,

the acute values available for a species or genus



differ by more than a factor of 10, probably some
or all of the values should be rejected. |If
useful slopes are not available for at least one
fish and one invertebrate or if the available
slopes are too dissimilar or if too few data are
available to adequately define the relationship
between acute toxicity and the water quality
characteristic, return to Section IV.G, using the
results of tests conducted under conditions and in
waters similar to those commonly used for toxicity
tests with the species.

Individually for each species calculate the
geometric mean of the available acute values and
then divide each of the acute values for species
by the mean for the species. This normalizes the
values so that the geometric mean of the
normalized values for each species individuwally
and for any combination of species is 1.0.
Similarly normalize the values of the water
guality characteristic for each species
individually.

Individually for each species perform a least
squares regression of the normalized acute
toxicity values on the corresponding normalized
values of the water quality characteristic. The
resulting slopes and 95 percent confidence limits

will be identical to those obtained in Section B.




NOTE:

Now, however, if the data are actually plotted,
the line of best fit for each individual
species wWill go through the point 1,1 in the
center of the graph.

Treat all the normalized data as if they were all
for the same species and perform a least squares
regression of all the normalized acute values on
the corresponding normalized values of the water
quality characteristic to obtain the pooled acute
slope, VvV, and its 95 percent confidence limits.
If all the normalized data are actually plotted,
the line of best fitwill gothrough the pointi,1
Iin the center of the graph.

For each species calculate the geometric mean, W,
of the acute toxicity values and the geometric
mean, X, of the values of the water quality
characteristic. (These were calculated in steps D
and E)

For each species calculate the logarithm, Y, of
the Species Mean Acute Value at a selected value,

Zz, of the water quality characteristic using the

equation:
Y =1lnWw = Vv(ln X = 1n 2).
For each species calculate the SMAV at 2 using

the equation: SMAV = e¥,

Alternatively, the Species Mean Acute Values at z

can be obtained by skipping step H using the



equations in steps 1 and J to adjust each acute
value individually to 2z, and then calculating the
geometric mean of the adjusted values €or each
species individually. This alternative procedure
allows an examination of the range of the adjusted
acute values for each species.

Obtain the Final Acute Value at Z by using the
procedure described in Section 1V.J-O.

If the Species Mean Acute Value at z of a
commercially or recreationally important species
is lower than the calculated Final Acute Value at
Z, then that Species Mean Acute Value should be
used as the Final Acute Value at 2z instead of the
calculated Final Acute Value.

The Final Acute Equation is written as: Final
Acute Value e(V(ln(water quality
characteristic)] + In A - V{ln 2]}, where VvV =
pooled acute slope and A = Final Acute Value at Z.
Because Vv, A, and 2z are known, the Final Acute
Value can be calculated for any selected value of

the water quality characteristic.

V_ Final Chronic Value

A.

Depending on the data that are available
concerning chronic toxicity to aquatic animals,
the Final Chronic Value might be calculated in the
same manner as the Final Acute Value or by

dividing the Final Acute Value by the Final Acute-




NOTE :

Chronic Ratio. In some cases it may not be

possible to calculate a Final Chronic Value.

As the name implies, the acute-chronic ratio is a
way of relating acute and chronic toxicities. The
acute-chronicratio is basically the inverse of
the application factor, but this new name 1is
better because it is more descriptive and should
help prevent confusion between 'application
factors" and "safety factors."™ Acute-chronic
ratios and application factors are ways of
relating the acute and chronic toxicities of a
material to aquatic organisms. Safety factors are
used to provide aln extra margin of safety beyond
the known or estimated sensitivities of aquatic
organisms. Another advantage of the acute-chronic
ratio is that itwill usually be greater than 1;
this should avoid the confusion as to whether a
large application factor isonethat is close to
unity or one that has a denominator that is much
greater than the numerator.

Chronic values should be based on results of £flow=
through (except renewal is acceptable for
daphnids) chronic tests in which the
concentrations of test material in the test

solutions were properly measured at appropriate

times during the test.

Results of chronic tests in which survival,



growth, or reproduction in the control treatment

was unacceptably low should not be used. The

limits of acceptability will depend on the
species.

Results of chronic tests conducted in unusual

dilution water, e.g., dilution water in which

total organic carbon or particulate matter

exceeded 5 mg/L, should not be used, unless a

relationship i1s developed between chronic toxicity

and organic carbon or particulate matter or
unless data show that organic carbon, particulate
matter, etc., do not affect toxicity.

Chronic values should be based on endpoints and

lengths of exposure appropriate to the species.

Therefore, only results of the following kinds of

chronic toxicity tests should be used:

1, Life-cycle toxicity tests consisting of
exposures of each of two or more groups of
individuals of a species to a different
concentration of the test material throughout
a life cycle. To ensure that all life stages
and life processes are exposed, tests with
fish should begin with embryos or newly
hatched young less than 48 hours old, continue
through maturation and reproduction, and
should end not less than 24 days (90 days for
salmonids) after the hatching of the next

generation. Tests with daphnids should begin




with young lese than24 hours old and last for
not less than 21 days. Tests with mysids
should begin with young less than 24 hours old
and continueuntil 7 days past themediantime
of first brood release in the controls. For
fish, data should be obtained and analyzed on
survival and growth of adults and young,
maturation of males and females, eggs spawned
per female, embryo viability (salmonids only),
and hatchability. For daphnids, data should
be obtained and analyzed on survival and young
per female. For mysids, data should be
obtained and analyzed on survival, growth, and
young per female.

Partial Ilife-cycle toxicity tests consisting
of exposures of each of two or more groups of
individuals of a species of fish to a
concentration of the test material through
most portions of a life cycle. Partial life-
cycle tests are allowed with fish species that
require more than a year to reach sexual
maturity, so that all major life stages can be
exposed to the test material in less than 15
months. Exposure to the test material should
begin with immature juveniles at least 2
months prior to active gonad development,

continue through maturation and reproduction,



NOTE:

and end not less than 24 days (90 days for
salmonids) after the hatching of the next
generation. Data should be obtained and
analyzed on survival and growth of adults and
young, maturation of males and females, eggs
spawned per female, embryo viability
(salmonids only), and hatchability.

3. Early [life-stage toxicity tests consisting of
28- to 32-day (60 days. post hatch for
salmonids) exposures of the early life stages
of a species of fish from shortly after
fertilization through embryonic, larval, and
early juvenile development. Data should be

obtained and analyzed on survival and growth.

Results of an early life-stage test are used as
predictions of results of life-cycle and partial
life-cycle tests with the same species.
Therefore, when results of a life-cycle or partial
life-cycle test are available, results of an early
life-stage test with the same species should not
be used. Also, results of early life-stage tests
in which the 1incidence of mortalities or
abnormalities increased substantially near the end
of the test should not be used because results of
such tests are possibly not good predictions of
the results of comparable life-cycle or partial
life-cycle tests.




F.

NOTE:

A chronic value may be obtained by calculating the
geometric mean of the lower and upper chronic
limits from a chronic test or by analyzing chronic
data using regression analysis. A lower chronic
limit is the highest tested concentration (a) in
an acceptable chronic test, (b) which did not
cause an unacceptable amount of adverse effect on
any of the specified biological measurements, and
(c) below which no tested concentration caused an
unacceptable effect. An upper chronic limit is
the lowest tested concentration (a) in an
acceptable chronic test, (b) which did cause an
unacceptable amount of adverse effect on one or
more of the specified biological measurements, and

(c) above which all tested concentrations also

caused such an effect.

Because various authors have used a variety of
terms and definitions to interpret and report
results of chronic tests, reported results should
be reviewed carefully. The amount of effect that
IS considered unacceptable is often based on a
statistical hypothesis test, but might also be
defined in terms of a specified percent reduction
from the controls. A small percent reduction
(e.g., 3 percent) might be considered acceptable
even if it is statistically significantly

different from the control, whereas a large



percent reduction (e.g., 30 percent) might be
considered unacceptable even if It is not
statistically significant.

If the chronic toxicity of the material to aquatic
animals apparently has been shown to be related to
a water quality characteristic such as hardness or
particulate matter for freshwater animals or
salinity or particulate matter for saltwater
animals, a Final Chronic Equation should be
derived based on that water quality
characteristic. Go to Section VII.

If chronic values are available for species in
eight families as described in Sections III.B.1 or
III.C.1, a Species Mean Chronic Value (SMCV)
should be calculated for each species for which at
least one chronic value is available by
calculating the geometric mean of all chronic
values available for the species, and appropriate
Genus Mean Chronic Values should be calculated.
The Final Chronic Value should then be obtained
using the procedure described in Section 1Vv.J-0.
Then go to Section VI.M.

For each chronic value for which at least one
corresponding appropriate acute value is
available, calculate an acute-chronic ratio, using
for the numerator the geometric mean of the
results of all acceptable flow-through (except

static is acceptable for daphnids) acute tests in




the same dilution water and 1in which the
concentrations were measured. For fish, the acute
test(s) should have been conducted with juveniles.
The acute test(s) should have been part of the
same study as the chronic test. |If acute tests
were not conducted as part of the same study,
acute tests conducted in the same laboratory and
dilution water, but 1n a different study, may be
used. IT no such acute tests are available,
results of acute tests conducted in the same
dilution water in a different laboratory may be
used. If no such acute tests are available, an
acute-chronic ratio should not be calculated.

For each species, calculate the species mean

acute-chronic ratio as the geometric mean of all

acute-chronic ratios available for that species.

For some materials the acute-chronic ratio seems

to be the same for all species, but for other

materials the ratio seems to iIncrease or decrease
as the Species Mean Acute Value (SMAV) increases.

Thus the Final Acute-Chronic Ratio can be obtained

in four ways, depending on the data available:

1. |If the Species Mean Acute-Chronic ratio Seems
to increase or decrease as the Species Mean
Acute Value increases, the Final Acute-Chronic
Ratio should be calculated as the geometric

mean of the acute-chronic ratios for species



whose Species Mean Acute Values are close to
the Final Acute Value.

If no major trend is apparent and the acute-
chronic ratios for a number of species are
within a factor of 10, the Final Acute-
Chronic Ratio should be calculated as the
geometric mean of all the Species Mean Acute-
Chronic Ratios available for both freshwater
and saltwater species.

For acute tests conducted on metals and
possibly other substances with embryos and
larvae of barnacles, bivalve molluscs, sea
urchins, lobsters, crabs, shrimp, and abalones
(see Section IV.E.2), 1t is probably
appropriate to assume that the acute-chronic
ratio is 2. Chronic tests are very difficult
to conduct with most such species, but it is
likely that the sensitivities of embryos and
larvae would determine the results of l1ife-
cycle tests. Thus, if the lowest available
Species Mean Acute Values were determined with
embryos and larvae of such species, the Final
Acute-Chronic Ratio should probably be assumed
to be 2, so that the Final Chronic Value is

equal to the Criterion Maximum Concentration
(see Section XI.B)




M,

4. ITf the most appropriate Species Mean acutz-

Chronic Ratios are less than 2.0, and
especially i1f they are less than 1.0,
acclimation has probably occurred during the
chronic test. Because continuous exposure and
acclimation cannot be assured to provide
adequate protection in field situations, the
Final Acute-Chronic Ratio should be assumed to
be 2, so that the Final Chronic Value i1s equal
to the Criterion Maximum Concentration (see
Section ¥1.8),
IT the available Species Mean Acute-Chronic
Ratios do not fit one of these cases, a Final
Acute-Chronic Ratio probably cannot be
obtained, and a Final Chronic Value probably
cannot be calculated.

Calculate the Final Chronic Value by dividing the
Final Acute Value by the Final Acute-Chronic
Ratio. IT there was a Final Acute Equation rather
than a Final Acute Value, see also Section VII.A.
IT the Species Mean Chronic Value of a
commercially or recreationally important species
iIs lower than the calculated Final Chronic Value,
then that species Mean Chronic Value should be
used as the Final Chronic Value instead of the
calculated Final Chronic Value.

Go to Section VIIIL.



rinal Chronic Equation

®

A.

A Final Chronic Equation can be derived in two

ways. The procedure described here 1In Section A

will result iIn the chronic slope being the same as

the acute slope. The procedure described in

Sections B-N usually will result in the chronic

slope being different from the acute slope.

1.

4.

IT acute-chronic ratios are available €or
enough species at enough values of the water
quality characteristic to indicate that the
acute-chronic ratio is probably the same for
all species and is probably independent of the
water quality characteristic, calculate the
Final Acute-Chronic Ratio as the geometric
mean of the available Species Mean acuta-
Chronic Ratios.

Calculate the Final Chronic Value at the
selected value z of the water quality
characteristic by dividing the Final Acute
Value at 2z (see Section v.¥) by the Final
Acute-Chronic Ratio.

Use V = pooled acute slope (see section V.i)
as L = pooled chronic slope.

Go to Section VII, M,

When enough data are available to show that

chronic toxicity to at least one species iIs

related to a water quality characteristic, the




NOTE:

relationship should be taken into account as
described i1n Sections B-G or using analysis of
covariance [15,16]. The two methods are
equivalent and produce identical results. The
manual method described below provides an
understanding of this application of covariance
analysis, but computerized versions of covariance
analysis are much more convenient for analyzing
large data sets. |If two or more factors affect

toxicity, multiple regression analysis should be
used.

For each species for which comparable chronic
toxicity values are available at two or more
different values of the water quality
characteristic, perform a least squares regression
of the chronic toxicity values on the
corresponding values of the water quality
characteristic to obtain the slope and i1ts 95

percent confidence limits for each species.

Because the best documented relationship fitting
these data is that between hardness and acute
toxicity of metals in freshwater and a log-1log
relationship, geometric means and natural
logarithms of both toxicity and water guality are
used iIn the rest of this section. For
relationships based on other water quality

characteristics such as pH, temperature, or




salinity, no transformation or a different
transformation might fit the data better, and
appropriate changes will be necessary throughout
this section. It is probably preferable, but not
necessary, to use the same transformation that was
usedwiththeacutevalues in Section V.

Decide whether the data for each speciesare
useful, taking into account the range and number
of the tested values of the water quality
characteristic and the degree of agreement within
and between species. For example, a slope based
on six datapointsmightbeof limited value if it
is based only on data €or a very narrow range of
values of the water quality characteristic, A
slope based on only two data points, however,
might be useful if it is consistent with other
information and if the two points cover a broad
enough range of the water quality characteristic.
In addition, chronic values that appear to be
guestionable in comparison with other acute and
chronic data available €or the same species and
for other species in the same genus probably
should not be used. For example, if after
adjustment for the water quality characteristic,
the chronic values available for a species or
genus differ by more than a factor of 10, probably

some or all of the values should be rejected. |If




a useful chronic slope 1s not available for at
least one species or if the available slopes are
too dissimilar or if too few data are available to
adequately define the relationship between chronic
toxicity and the water quality characteristic, it
might be appropriate to assume that the chronic
slope i1s the same as the acute slope, which is
equivalent to assuming that the acute-chronic
ratio is independent of the water quality
characteristic. Alternatively, return to Section
vI;4, using the results of tests conducted under
conditions and in waters similar to those commonly
used for toxicity tests with the species.
Individually for each species calculate the
geometric mean of the available chronic values and
then divide each chronic value for a species by
the mean for the species. This normalizes the
chronic values so that the geometric mean of the
normalized values for each species individually
and for any combination of species iIs 10.
Similarly normalize the values of the water
quality characteristic for each species
individually.

Individually for each species perform a least
squares regression of the normalized chronic
toxicity values on the corresponding normalized
values of the water quality characteristic. The

resulting slopes and the 95 percent confidence



H.

limits will be i1dentical to those obtained in
Section B. Now, however, if the data are actually
plotted, the line of best fit for each individual
species will go through the point 1,1 in the
center of the graph.

Treat all the normalized data as 1T they were all
for the same species and perform a least squares
regression of all the normalized chronic values on
the corresponding normalized values of the water
quality characteristic to obtain the pooled
chronic slope, L, and 1ts 95 percent confidence
limits, |ITf all the normalized data are actually
plotted, the line of best fit will go through the
point 1,1 in the center of the graph.

For each species calculate the geometric mean, M,
of the toxicity values and the geometric mean, P,
of the values of the water quality characteristic.

(These were calculated iIn steps E and F)




NOTE :

NOTE:

For each species calculate the logarithm, Q, of
the Species Mean Chronic Value at a selected
value, 2z, of the water quality characteristic

using the equation: Q =1n M - IL{ln P ~ In 2.

Although it is not necessary, it will usually be
best to use the same value of the water quality

characteristic here as was used in section V.I.

For each species calculate a Species Mean Chronic

Value at 2z using the equation: sMcv = 2,

Alternatively, the Species Mean Chronic Values at
Z can be obtained by skipping step J, using the
equations in steps J and K to adjust each acute
value individually to 2z, and then calculating the
geometric means of the adjusted values for each
species individually. This alternative procedure
allows an examination of the range of the adjusted
chronic values for each species.

Obtain the Final Chronic Value at z by using the
procedure described in Section 1IvV.J-0.

IfT the Species Mean Chronic Value at 2z of a
commercially or recreationally important species
is lower than the calculated Final Chronic Value
at z, then that Species Mean Chronic Value should
be used as the Final ¢hronic value at 2 insteadof

the calculated Final Chronic Value.




The Final Chronic Equation is written as: Final
Chronic Value = e(L{ln(water quality

characteristic)] * 1n s - L{ln Z]), where L =
pooled chronic slope and s = Final Chronic Value
at z. Because L, s and z are known, the Final
Chronic Value can be calculated for any selected

value of the water quality characteristic.

viI. Final Plant VValue

A.

NOTE:

Appropriate measures of the toxicity of the
material to aquatic plants are used to compare the
relative sensitivities of aquatic plants and
animals.  Although procedures for conducting and
interpreting the results of toxicity tests with
plants are not well developed, results of tests
with plants usually indicate that criteria which
adequately protect aquatic animals and their uses
will probably also protect aquatic plants and
their uses.

A plant value is the result of a 96-hr test
conducted with an alga or a chronic test conducted
with an aquatic vascular plant.

A test of the toxicity of a metal to a plant
usually should not be used if the medium contained
an excessive amount of a complexing agent, such as
EDTA, that might affect the toxicity of the metal.
Concentrations of EDTA above about 200 ug/L should

probably be considered excessive.




C. The Final Plant Value should be obtained by
selecting the lowest result from a test with an
Important aquatic plant species in which the
concentrations of test material were measured and
the endpoint was biologically important.
VIll. Final Residue Value
A. The Final Residue Value is intended to (a) prevent

concentrations in commercially or recreationally
Important aquatic species from affecting
marketability because of exceedence of applicable
FDA action levels and (b) protect wildlife,
including fishes and birds, that consume aquatic
organisms from demonstrated unacceptable effects.
The Final Residue Value is the lowest of the
residue values that are obtained by dividing
maximum permissible tissue concentrations by
appropriate bioconcentration Or bicaccumulation
factors. A maximum permissible tissue
concentration is either (a) an FDA action level
[(12] for fish oil or for the edible portion of
fish or shellfish, or (b) a maximum acceptable
dietary intake based on observations on survival,
growth, or reproduction in a chronic wildlife
feeding study or a long-term wildlife field study.
If no maximum permissible tissue concentration is

available, go to Section X because no Final

Residue Value can be derived.



Eay

~ioconcentrationfactors (BCFs) and
bioaccumulation factors (BAFs) are quotients of
the concentration of a material in one or more
tissues of an aquatic organism divided by the
average concentration in the solution in which the
organism had been living. A BCF is intended to
account only for net uptake directly from water,
and thus almosthastobemeasured in a2 laboratory
test. Some uptake during the bioconcentration test
might not bedirectly fromwater ifthe food sorbs
some of the test material before it is eaten by
the test organisms. A BAF is intended to account
fornet uptake from both food and water in areal-
world situation. A BAF almost has to be measured
ina field situation in which predators accumulate
the material directly from water and by consuming
prey that itself could have accumulated the
material from both food and water. The BCF and
BAF are probably similar for a material with a low
BCF, but the BAF is probably higher than the BCF
for materials with high BCFs. Although BCFs are
not too difficult to determine, very few BAFs have
been measured acceptably because it is necessary
to make enough measurements of the concentration
of the material in water to show that i1t was
reasonably constant for a long enough period of

time over the range of territory inhabited by the




organisms. Because so few acceptable BAFs are

available, only BCFs will be discussed further.

However, if an acceptable BAF i1s available for a

material, i1t should be used instead of any

available BCFs.

IT a maximum permissible tissue concentration is

available for a substance (=.g., parent material,

parent material plus metabolites, etc.), the
tissue concentration used iIn the calculation of
the BCF should be for the same substance.
otherwise the tissue concentration used in the
calculation of the BCF should be® that of the
material and 1i1ts metabolites which are
structurally similar and are not much more soluble

Iin water than the parent material.

1. A BCF should be used only if the test was
flow-through, the BCF was calculated based on
measured concentrations of the test material
In tissue and iIn the test solution, and the
exposure continued at Bleast until either
apparent steady-state or 28 days was reached.
Steady-state i1s reached when the BCF does not
change significantly over a period of time,
such a 2 days or 16 percent of the length
of the exposure, whichever is longer. The BCF
used from a test should be the highest of (a)
the apparent steady-state BCF, 1T apparent
steady-state was reached, () the highest BCF



obtained, 1T apparent steady-state was not
reached, and (c) the projected steady-state

BCF, 1f calculated.

Whenever a BCF is determined for a lipopnilic
material, the percent lipids should also be
determined In the tissus(s) for which the BCF
was calculated.

A BCF obtained from an exposure that
adversely affected the test organisms may be
used only if 1t Is similar to a BCF obtained
with unaffected organisms of the same species
at lower concentrations that did not cause
adverse effects.

Because maximum permissible tissue
concentrations are almost never based on dry
weights, a BCF calculated using dry tissue
weights must be converted to a wet tissue
welght basis. IT no conversion factor is
reported with the BCF, multiply the dry weight
BCF by 0.1 for plankton and by 0.2 for
individual species of fishes and invertebrates
[17].

IT more than one acceptable BCF i1s available
for a species, the geometric mean of the
available values should be used, except that
IT the scrs are from different lengths of

exposure and the BCF iIncreases with length of




exposure, the BCF for the longest exposure
should be used.

If enough pertinent data exist, several residue

values can be calculated by dividing maximum

permissible tissue concentrations by appropriate

BCFs :

1. For each available maximum acceptable dietary
intake derived from a chronic feeding study or
a long-term field study with wildlife,
including birds and aquatic organisms, the
appropriate BCF is based on the whole body of
aquatic species which constitute' or represent
a major portion of the diet of the tested
wildlife species.

2. For an FDA action level for fish or shellfish,
the appropriate BCF is the highest geometric
mean species BCF for the edible portion
(muscle for decapods, muscle with or without
skin for fishes, adductor muscle for scallops,
and total soft tissue for other bivalve
molluscs) of a consumed species. The highest
species BCF is used because FDA action levels
are applied on a species-by-species basis.

For lipophilic materials, it might be possible to

calculate additional residue values. Because the

steady-state BCF for a lipophilic material Seems
to be proportional to percent lipids from one

tissue to another and from one species to another



[18-20], extrapolations can be made from tested
tissues or species to untested tissues or species
an the basis of percent lipids.

1. For each BCF for which the percent lipids is
known for the same tissue for which the BCF
was measured, normalize the BCF toa 1
percent lipid basis by dividing the BCF by the
percent lipids. This adjustment to a 1
percent lipid basis is intended to make all
the measured BCFs far a material comparable
regardless of the species or tissue*withwhich
the BCF was measured.

2. calculate the geometric mean normalized BCF.
Data for both saltwater and freshwater
species should be used to determine the mean
normalized BCF, unless the data show that the
normalized BCFs are probably not similaxz.

3. Calculate all possible residue values by
dividing the available maximum permissible
tissue concentrations by the mean normalized
BCF and by the percent lipids values
appropriate to the maximum permissible tissue

concentrations, i.s,,

i (maximum permissible tissue concentration) @
Residue value = (mean normalized BcrF)(appropriate percent lipids)

tissue concentration) Residue value = (mean
normalized BCF) (@appropriate percent lipids)

a. For an FDA action level for fish oil, the




appropriate percent lipids value is 109,

b. For an FDA action level for fish, the
appropriate percent lipids value 1s 11
for freshwater criteria and 10 for
saltwater criteria because FDA action
levels are applied on a species-py~
species basis to commonly consumed
species. The highest lipid contents 1In
the edible portions of Important consumed
species are about 11 percent for both the
freshwater chinook salmon and lake
trout and about 10 percent for the
saltwater Atlantic herring (21].

z. For a maximum acceptable dietary intake
derived trom a chronic feeding studyora
long-term field study with wildlife, the
appropriate percent lipids is that of an
aquatic species or group of aquatic
species which constitute a major portion
of the diet of the wildlife species.

G. The Final Residue Value is obtained by selecting

the lowest of the available residue values.



NOTE: |In some cases the Final Residue Value will not be

low enough. For example, a residue value
calculated from an FDA action level will probably
result in an average concentration in the edible
portion of a fatty species that is at the action
level. Some individual organisms, and possibly
some species, will have residue concentrations
higher than the mean value but no mechanism has
been devised to provide appropriate additional
protection. Also, some chronic feeding studies
and long-term field studies with wildlife i1dentify
concentrations that cause adverse effects but do
not i1dentify concentrations which do not cause
adverse effects; again, no mechanism has been
devised to provide appropriate additional
protection. These are some of the species and

uses that are not protected at all times i1n all

places.

x. other pata

Pertinent information that could not be used iIn
earlier sections might be available concerning adverse
effects on aguatic organisms and their uses. The most
important of these are data on cumulative and delayed
toxicity, flavor impairment, reduction in survival,
growth, or reproduction, or any other adverse effect
that has been shown to be biologically important.

Especially important are data for species for which no




XI.

other data are available. Data from behavioral,
biochemical, physiological, microcosm, and field
studies might also be available. Data might be
available from tests conducted in unusual dilution
water (see1v.0 and vI.p), from chronic tests i1n which
the concentrations were not measured (see vI.B), Trom
tests with previously exposed organisms (seell.¥),
and from tests on formulated mixtures or emulsifiable
concentrates (see I11.D)., Such data might affect a
criterion i1f the data were obtained with an important
species, the test concentrations were measured, and

the endpoint was biologically important.

Criterion

A. A criterion consists of two concentrations: the
Criterion Maximum Concentration and the Criterion
Continuous Concentration.

B. The Criterion Maximum Concentration (CMC) is equal
to one-half the Final Acute Value.

C. The Criterion Continuous Concentration (CCC) is
equal to the lowest of the Final Chronic Value,
the Final Plant Value, and the Final Residue
Value, unless other data (see Section x) show that
a lower value should be used. |If toxicity is
related to a water quality characteristic, the
Criterion continuous concentration iIs obtained
from the Final Chronic Equation, the Final Plant

Value, and the Final Residue Value by selecting

..



the one, or the combination, that results in the
lowest concentrations in the usual range of the
water quality characteristic, unless other data
(see Section X) show that a lower value should be
used.
Round 1[14]1 both the Criterion Maximum
Concentration and the Criterion Continuous
Concentration to two significant digits.
The criterion Is stated as:
The procedures described in the Guidelines for
Deriving Numerical National Water Quality Criteria
for the Protection of Aquatic Organisms and Their
Uses i1ndicate that, except possibly where a
locally iImportant species 1Is very sensitive, (1)
aquatic organisms and their uses should not be
affected unacceptably if the 4-day average
concentration of (2) does not exceed (3) ug/L more
than once every 3 years on the average and if the
1-hour average concentration does not exceed (4)
ug/L more than once every 3 years on the average.
where (1) = iInsert "freshwater™ Or "saltwater"
(2) = insert name of material
(3) = insert the Criterion Continuous
Concentration

(4) = insert the Criterion Maximum

Concentration.




XIT. Final Review

A.

The derivation of the criterion should be

carefully reviewed by rechecking each step of the

Guidelines. Iltems that should be especially

checked are:

1.

If unpublished data are used, are they well
documented?

Are all required data available?

Is the range of acute values for any species
greater than a factor of |07

Is the range of Species Mean Acute Values for
any genus greater than a factor of 107
Isthere more than a factor of 10 difference
between the 'four lowest Genus Mean Acute
Values?

Are any of the four lowest Genus Mean Acute
Values questionable?

Is the Final Acute Value reasonable in
comparison with the Species Mean Acute Values
and Genus Mean Acute Values?

For any commercially or recreationally
important species, is the geometric mean of
the acute values from flow-through tests in
which the concentrations of test material were
measured lower than the Final Acute Value?

Are any of the chronic values questionable?

.
r



10.

11.

12.

13.

14.
15.
16.

Are chronic values available for acutely
sensitive species?

Is the range of acute-chronic ratios greater
than a factor of 107?

Is the Final Chronic Value reasonable in
comparison with the available acute and
chronic data?

Is the measured or predicted chronic value for
any commercially or recreationally iImportant
species below the Final Chronic Value?

Are any of the other data important?

Do any data look like they might be outliers?
Are there any deviations from the Guidelines?
Are they acceptable?

on the basis of all available pertinent laboratory

and field information, determine 1F the criterion

is consistent with sound scientific evidence. |IF

it Is not, another criterion, either higher or

lower, should be derived using appropriate

modifications of these Guidelines.
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SUMMARY OF THE 1980 AQUATIC LIFE GUIDELINES

The Guidelines for Deriving Water Quality Criteria for the
Protection of Aquatic Life and its Uses were developed to
describe an objective, internally consistent, and appropriate way
of ensuring that water quality criteria for aquatic life would
provide, on the average, a reasonable amount of protection. The
resulting criteria are not intended to provide 100 percent
protection of all species and all uses of aquatic life all of the
time, but they are intended to protect most species in a
balanced, healthy aquatic community.

Minimum data requirements are identified in four areas;
acute toxicity to animals (eight data points), chronic toxicity
to animals (three data points), toxicity to plants, and residues.
Data on acute toxicity are needed for a variety of fish and
invertebrate species and are used to derive a Final Acute Value.
By taking into account the number and relative sensitivities of
the tested species, the Final Acute Value is designed to protect
most, but not necessarily all, of the tested and untested
species.

Data on chronic toxicity to animals can be used to derive a
Final Chronic Value by two different means. |If chronic values
are available for a specified number and array of species, a
Final Chronic Value can be calculated directly. 1If not, an
acute-chronic ratio is derived and then used with the Final Acute
Value to obtain the Final Chronic Value.

The Final Plant Value is obtained by selecting the lowest

plant toxicity value based on measured concentrations.



The Final Residue Value is intended to protect wildlife which
consume agquatic organisms and the marketability of aquatic
organisms. Protection of the marketability of aquatic organisms
Is, in actuality, protection of a use of that water body
(commercial fishery). Two kinds of data are necessary to
calculate the Final Residue Value: a bioconcentration factor
(BCF) and a maximum permissible tissue concentration, which can
be an FDa action level orcanbetheresultof achronicwildlife
feeding study. For lipid-soluble pollutants, the BCF is
normalized for percent lipids and then the Final Residue Value is
calculated by dividing the maximum permissible tissue
concentration by the normalized BCF and by an appropriate percent
lipid value. BCFs are normalized for percent lipids since the
BCF measured for any individual aquatic species is generally
proportional to the percent lipids in that species.

If sufficient data are available to demonstrate that one or
more of the final values should be related to a water quality
characteristic, such as salinity, hardness, or suspended solids,
the final value(s) are expressed as a function of that
characteristic.

After the four final values (Final Acute Value, Final Chronic
Value, Final Plant Value, and Final Residue Value) have been
obtained, the criterion is established with the Final Acute value
becoming the maximum value and the lowest of the other three
values becoming the 24-hour average value. Al of the data used
to calculate the four final values and any additional pertinent
information are then reviewed to determine if the criterion is

reasonable. If sound scientific evidence indicates that the



criterion should be raised or lowered, appropriate changes are
made as necessary.

The November 28, 1980, Guidelines have been revised from the
earlier published versions (43 FR 21506, May 18, 1978; 43 FR
29028, July 5, 1978; 44 FR 15926, March 15, 1979). Details have
been added in many places and the concept of a minimum data base
has been incorporated. [In addition, three adjustment factors and
the species sensitivity factor have been deleted. These
modifications were the result of the agzncy's analysis of public
comments and comments received from the Science Advisory Board on
earlier versions of the Guidelines. These comments and the

Resultant modifications are addressed fully in Appendix D to this

notice.

Criteria for the Protection of Human Health

Interpretation of the Human Health Criteria

The human health criteria issued today are summarized in
Appendix A of this Federal Register notice. Criteria for the
protection of human health are based on their carcinogenic,
toxic, or organoleptic (taste and odor) properties. The meanings
and practical uses of the criteria values are distinctly
different depending on the properties on which they are based.

The objective of the health assessment portions of the
criteria documents IS to estimate ambient water concentrations
which, iIn the case of noncarcinogens, prevent adverse health
effects in humans, and i1In the case of suspect or proven

carcinogens, represent various levels of incremental cancer risk.




Health assessments typically contain discussions of four
elements: exposure, pharmacokinetics, toxic effects, and
criterion formulation.

The exposure section summarizes iInformation on exposure
routes: ingestion directly from water, indirectly from
consumption of aquatic organisms found in ambient water, other
dietary sources, inhalation, and dermal contact. Exposure
assumptions are used to derive human health criteria. Most
criteria are based solely on exposure from consumption of water
containing a specified concentration of a toxic pollutant and
through consumption of aquatic organisms which are assumed to
have bioconcentrated pollutants from the water in which they
live. Other multimedia routes of exposure such as air,
nonaquatic diet, or dermal are not factored into the criterion
formulation TFor the vast majority of pollutants because of lack
of data. The criteria are calculated using the combined aquatic
exposure pathway and also using the aguatic organism ingestion
exposure route alone. [In criteria reflecting both the water
consumption and aquatic organism ingestion routes of exposure,
the relative exposure contribution varies with the propensity of
a pollutant to bioconcentrate, with the consumption of aguatic
organisms becoming more important as the bioconcentration factor
(BCF) iIncreases. As additional information on total exposure 1is
assembled for pollutants for which criteria reflect only the two
specified aquatic exposure routes, adjustments iIn water
concentration values may b2 made. The demonstration of

significantly different exposure patterns will become an element



of a process to adapt/modify human health-based criteria to local
conditions, somewhat analogous to the aquatic life criteria
modification process discussed previously. 1t Is anticipated
that States at their discretion will be able to set appropriate
human health criteria based on this process.

Specific health-based criteria are developed only 1If a weight
of evidence supports the occurrence of the toxic effect and iIf
dose/response data exist from which criteria can be estimated.
The pharmacokinteics section reviews data on absorption,
distribution, metabolism, and excretion to assess the biochemical
fate of the compounds iIn the human and animal system. The toxic
effects section reviews data on acute, subacute, and chronic
toxicity, synergistic and antagonistic effects, and specific
information on mutagenicity, teratogenicity, and carcinogenicity.
From this review, the toxic effect to be protected against is
identified taking into account the quality, quantity, and weight
of evidence characteristic of the data. The criterion
formulation section reviews the highlights of the text and
specifies a rationale for criterion development and the
mathematical derivation of the criterion number.

Within the limitations of time and resources, current
published Information of significance was i1ncorporated into the
human health assessments. Review articles nad reports were used
for data evaluation and synthesis. Scientific judgment was
exercised in reviewing and evaluating the data in each criteria
document and in identifying the adverse effects for which

protective criteria were published.



Criteria for suspect or proven carcinogens are presented as
concentrations in water associated with a range of incremental
cancer risks to man. Criteria for noncarcinogens represent
levels at which exposure to a single chemical i1s not anticipated
to produce adverse effects in man. In a few cases, organoleptic
(taste and odor) data form the basis for the criterion. While
this type of criterion does not represent a value which directly
affects human health, 1t iIs presented as an estimate of the level
of a pollutant that will not produce unpleasant taste or odor
either directly from water consumption or indirectly by
consumption of aquatic organisms found In ambient waters. A
criterion developed In this manner is judged to be as useful as
other types of criteria in protecting designated water uses. In
addition, where data are available, toxicity-based criteria are
also presented for pollutants with derived organoleptic criteria.
The choice of criteria used in water quality standards for these
pcllutants will depend upon the designated use to be protected.
In the case of a multiple use water body, the criterion
protecting the most sensitive use will be applied. Finally, for
several pollutants no criteria are recommended because

insufficient information is available for guantitative criterion

formulation.

Risk Extrapolation

Because methods do not exist to establish the presence of a
threshold for carcinogenic effects, Era's policy iIs that there is
no scientific basis for estimating "safe" levels for carcinogens.

The criteria for carcinogens, therefore, state that the



recommended concentration for maximum protection of human health
IS zero. In addition, the Agency has presented a range of
concentrations corresponding to incremental cancer risks of

to 10_g (one additional case of cancer in populations ranging
from 10 million to 100,000, respectively). Other concentrations
representing different risk levels may be calculated by use of
the Guidelines. The risk estimate range is presented for
information purposes and does not represent an Agency judgment on

a "acceptable" risk level.

Summary OF the Human Health Guidelines

The health assessments and corresponding criteria were
derived based on Guidelines and Methodology Used in the
Preparation of Health Effect Assessment Chapters of the Consent
Decree Water Criteria Documents (the Guidelines ) developed by
era's OFfFice of Research and Development. The estimation of
health risk associated with human exposure to environmental
pollutants requires predicting the effect of low doses for up to
a lifetime In duration. A combination of epidemiological and
animal doss/rzsponse data IS considered the preferred basis for
quantitative criterion derivation.

No-effect (nhoncarcinogen) or specified risk (carcinogen)
concentrations were estimated by extrapolation from animal
toxicity or human epidemiology studies using the following basic
exposure assumptions: a 70-kilogram male person (Report of the
Task Group on Reference Man, International Commission for
Radiation Protection, November 23, 1957) as the exposed

individual ; the average daily consumption of freshwater and



estuarine fish and shellfish products equal to 6.5 grams/day; and
the average iIngestionof 2 liters/day of water (DrinkingWater
and Health, National Academy of Sciences, National Research
Council, 1977). Criteria based on these assumptions are
estimated to be protective of an adult male who experiences
average exposure conditions.

Two basic methods were used to formulate health criteria,
depending on whether the prominent adverse effect was cancer or

other toxic manifestations. The fol lowing sections detail these
methods.

Carcinogens

Extrapolation of cancer responses from high to low doses and
subsequent risk estimation from animal data are performed using a
linearized multi-stage model. This procedure is flexible enough
to fit all monotonically-increasing dose response data, since it
incorporates several adjustable parameters. The multi-stage
model i1s a linear nonthreshold model as was the “ons-nit! model
originally used iIn the proposed criteria documents. The linzar
nonthreshold concept has been endorsed by the four agencies in
the Interagency Regulatory Liaison Group and iz less likely to
underestimate risk at the low doses typical of environmental
exposure than other models that could be used. Because of the
uncertainties associated with dose response, animal-to-human
extrapolation, and other unknown factors; because of the use of
average consumptions; and because of the serious public health
conseguences that could result If risks were underestimated, EPA

believes that i1t is prudent to use conservative methods to




estimate risk In the water quality criteria program. The
linearized multistage model is more systematic and invokes fewer
arbitrary assumptions than the tens-nit* procedure previously
used.

It should be noted that extrapolation models provide
estimates of risk since a variety of assumptions are built into
any model. Models using widely different assumptions may produce
estimates ranging over several orders of magnitude. Since there
IS at present no way to demonstrate the scientific validity of
any model, the use of risk extrapolationmodels iIs a subject of
debate in the scientific coomunity. However, risk extrapolation
is generally recognized as the only tool available at this time
€or estimating the magnitude of health hazards associated with
nonthreshold toxicants and has been endorsed by numerous Federal
agencies and scientific organizations, including Era's Carcinogen
Assessment Group, the National Academy of Sciences, and the
Interagency Regulatory Liaison Group, as a useful means of
assessing the risks of exposure to various carcinogenic
pollutants.

Noncarcinogens

Health criteria based on toxic effects of pollutants other
than carcinogenicity are estimates of concentrationswhich are
not expected to produce adverse effects In humans. They are
based upon Acceptable Daily Intake (ADI) levels and are generally
derived using no-observed-adverse-effect-level data from animal
studies although human data are used wherever available. The apI

is calculated using safety factors to account for uncertainties




inherent i1n extrapolation from animal to man. In accordance with

the National Research Council recommendations (Drinking Water and
Health, National Academy of Sciences, National Research Council,
1977), safety factors of 10, 100, or 1,000 are used, depending oOn
the quality and quantity of data. In some instances
extrapolations are made from inhalation studies or limits to
approximate a human response from ingestion using the Stokinger-
woodward model (Journal of American Water Works Association,
1958)., Calculations of criteria from adDIs are made using the
standard exposure assumptions (2 liters of water, 65 grams of

edible aquatic products, and an average body weight of 70 kg).
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THE PHILOSOPHY OF THE 1976 WATER QUALITY CRITERIA

Water quality criteria specify concentrations of water
constituentswhich, { £ nOt exceeded, are expected to support an
organic ecosystem suitable for the higher uses of water. Such
criteria are derived from scientific facts obtained from
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 strategy for survival and propagation at all times to
all organisms within a given ecosystem. They are intended not
only to protect essential and significant life in water and the
directusersot watser, put also to protact life that 1sdependent
on life in water for its existence, or that may consume
intentionally or unintentionally any edible portion of such life.

The criteria levels for domestic water supply iIncorporate
available data for human health protection. Such values are
different from the criteria levels necessary for protection of
aquatic life. The Agency"s interim primary drinking water
regulations (40 Federal Register 59566 December 24, 1975), as
required by the Safe Drinking Water Act (42 uU.S.C. 300f, et
seq.) , Incorporate applicable domestic water supply criteria.
Where pollutants are identified in both the quality criteria for
domestic water supply and the Drinking Water Standards, the

concentration levels are identical. Water treatment may not

. significantly affect the removal of certain pollutants.



What i1s essential and significant life in water? Do Daphnia
or stonafly nymphs qualify as such life? Why does 1/100th of a
concentration that is lethal to 50 percent of the test organisms
(Lc50) constitute a criterion in some Instances, whereas 1/2 or
1/10eh OF some effect levels constitutes a criterion in other
Iinstances? These are questions that often are asked of those
who undertake the task of criteria formulation.

The universe of organisms composing life in water iIs great in
both kinds and numbers. As 1n the human population,
physiological variability exists among individuals of the same
species in response to a given stimulus. A much greater response
variation exists among species of aquatic organisms. Thus,
aguatic organisms do not exhibit the same degree of harm,
individually or by species, %rom a given concentration of a
toxicant or potential toxicant within the environment. 1In
establishing a level or concentration of a quality constituent as
a criterion 1t Is necessary to ensure a reasonable degree of
safety for those more sensitive species that are important to the
functioning of the aquatic ecosystem even though data on the
response of such species to the quality constituent under
consideration may not be available. The aquatic food web i1s an
intricate relationship of predator and prey organisms. A water
constituent that may In some way destroy or eliminate an
important segment of that food web would, in all likelihood,
destroy or seriously impair other organisms associated with It.

Although experimentation relating to the effects of

particular substances under controlled conditions began iIn the




early 1900's, the effects of any substance on more than a few of
the vast number of aquatic organisms have not been iInvestigated.
Certain test animals have been selected by investigators for
intensive investigation because of their importance to man, their
availability to the researcher, and their physiological responses
to the laboratory environment. As general iIndicators 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 vital 1links within the
food web that results in the fish population in a particular
waterway .

The 1deal 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
i1s not available but 1nvestigators 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 life stages
of the test organism iIn waters of varying quality, as well as
associated organisms within the aquatic environment that have not
been tested and that may be more sensitive to the test
constituent. Application factors have been used to provide the
degree of protection required. Safe levels for certain
chlorinated hydrocarbons and certain heavy metals were estimated

by applying an 0.01 application factor to the 96-hour LC50 value



for sensitive aquatic organisms. Flow-through viocassays have
been conducted for some test indicator organisms over a
substantial period of their life history. In a few other cases,
information is available for the organism®s natural life or for
more than one generation of the species. Such data may indicate
a minimal effect level, aswell as a no-effect level.

The word “"criterion" should not be used iInterchangeably with
or as a synonym for the word "*standard.**The word "critsriont
represents a constituent concentration or level associated with a
degree of environmental effect upon which scientific judgment may
be based. As it is currently associated with the water
environment It has come to mean a designated concentration of a
constituent that, when not exceeded, will protect an organism,
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. 0N
the other hand, a standard connotes a legal entity for a
particular reach of waterway or €or an effluent. A water quality
standard may use a water quality criterion as a basis for
regulation or enforcement, but the standard may differ from a
criterion because of prevailing local natural conditions, such as
naturally occurring organic acids, or because of the importance
of a particular waterway, economic considerations, or the degree
of safety to a particular ecosystem that may be desired.

Toxicity to aquatic life generally is expressed iIn terms of
acute (short term) or chronic (long-term) effects. Acute

toxicity refers to effects occurring in a short time period:




often death iz the end point. Acute toxicity can be expressed as
the lethal concentration for a stated percentage of organisms
tested, or the reciprocal, which i1s the tolerance limit of a
percentage of surviving organisms, Acute toxicity for aquatic
organisms generally has been expressed for 24 t0 96-hour
exposures.

chronic toxicity refers to effects through an extended time
period. Chronic toxicity may be expressed in terms of an
observation period equal to the lifetime of an organism or to the
time span of more than one generation. Some chronic effects may
be reversible, but most are not.

Chronic effects often occur iIn the species population rather
than in the individual. 1t 2g99s fail to develop or the sperm
does not remain viable, the species would be eliminated from an
ecosystem because of reproductive 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 larval period of a fish"s life could result ultimately
in the elimination of the fish from an area. The phenomenon of
bicaccumulation oOF certain materials may result in chronic
toxicity to the ultimate consumer In a food chain. Thus, fish
may mobilize lethal 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 may have increased mortality rates. There may be a
hazard to the health of man i1f aquatic organisms with toxic
residues are consumed.




The fact that living systems, i.e,, individuals, populations,
species, and ecosystems, can take up, accumulate, and
broconcentrate manmade and natural toxicants is well documented.
In aguatic systems biota are exposed directly to pollutant
toxicants through submersion in a relatively efficient solvent
(water) and are exposed indirectly through food webs and other
biological, chemical, and physical interactions. Initial
toxicant levels, 1T not immediately toxic and damaging, may
accumulate in the biota or sediment over time and Increase to
levels that are lethal or sublethally damaging to aquatic
organisms or to consumers of these organisms. Water quality
criteria reflect a knowledge of the capacity for environmental
accumulation, persistence, and effects of specific toxicants iIn
specific aquatic systems.

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 pesticides, polychlorinated biphenyls,
and other toxicants. Some materials may not pass through
membranes in their natural or waste-discharged state, but 1iIn
water they may be converted to states that have increased ability
to affect organisms. For example, certain microorganisms can
methylate mercury, thus producing a material that more readily
enters physiological systems. Some materials may have multiple
effects: for example, an i1ron salt may not be toxic; an iron floc
or gel may be an irritant or clog fish gills to effect

asphyxiation; iron at low concentrations can be a trace nutrient



but at high concentrations it can be a toxicant. Materials also
can affect organisms 1T their metabolic byproducts cannot be
excreted. Unless otherwise stated, criteria are based on the
total concentration of the substance because an ecosystem can
produce chemical, physical, and biological changes that may be
detrimental 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 iIntegrity of the water.
Interrelationships and interactions among organisms and their
environment, as well as the interrelationships of sediments and
the constituents they contain to the water above, are recognized
as fact.

Antagonistic and synergistic reactions among many quality
constituents in water also are recognized as fact. The precise
definition of such reactions and their relative effects on
particular segments of aquatic life have not been i1dentified with
scientific precision. Historically much of the data to support
criteria development was of an ambient concentration-organism
response nature. Recently, data are becoming available on long-
term chronic effects on particular species. Studies now
determine carcinogenic, taratogenic, and other insidious effects
of toxic materials.

Some unpolluted waters in the Nation may exceed designated
criteria for particular constituents. There is variability in

the natural 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 in the Nation. To provide an
adequate degree of safety to protect against long-term effects
may result in a criterion that cannot be detected with present
analytical tools. In some cases, a mass balance calculation can
provide a means of assurance that the integrity of the waterway
IS not being degraded.

Water quality criteria do not have direct regulatory impact,
but they form the basis for judgment in several Environmental
Protection Agency programs that are derived from water quality
considerations. For example, water qual Ity standards developed
by the States under section 303 of the Act and approved by EPA
are to be based on the water quality criteria, appropriately
modified to taks account of local conditions. <he local
conditions to be considered include actual and projected uses of
the water, natural background levels of particular constituents,
the presence or absence of sensitive important species,
characteristics of the local biological community, temperature
and weather, Tflow characteristics, and synergistic or
antagonistic effects of combinations of pollutants.

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

quality criteria involve drinking water standards, the ocean



dumping program, designation of hazardous substances, dredge
spoil criteria development, removal of in-place toxic materials,
thermal pollution, and pesticide registration.

To provide the water resource protection for which they are
designed, quality criteria should apply to virtually all of the
Nationts navigable waters with modifications for local conditions
as needed. To violate quality criteria for any substantial
length of time or in any substantial portion of a waterway may
result In an adverse affect on aquatic life and perhaps a hazard
to man or other consumers of aquatic life.

Quality criteria have been designed to provide long-term
protection. Thus, they may provide a basis for effluent
standards, but it is not intended that criteria values become
effluent standards. It is recognized that certain substances may
be applied to the aguatic environment with the concurrence of a
governmental agency for the precise purpose of controlling or
managing a portion of the aquatic ecosystem: aquatic herbicides
and piscicides are examples of such substances. For such
occurrences, criteria obviously do not apply. It iIs 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. Under such
conditions it is believed that such diffuse source inflows should
receive consideration similar to that of a discrete effluent
discharge and that In such iInstances the criteria should be
applied to the principal portion of the waterway rather than to

that peripheral portion receiving the diffuse inflow.



The format for presenting water quality criteria includes a
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
criterion or criteria, and a listing of the references cited
within the rationale. An effort has been made to restrict
supporting data to those which erther have been published or are
In press awaiting publication. A particular constituent may have
more than one criterion to ensure more than one water use or
condition, i.e., hard or soft water where applicable, suitability
as a drinking water supply source, protection of human health
when edible portions of selected biota are consumed, provision
for recreational bathing or waterskiing, and permitting an
appropriate factor of safety to ensure protection for essential
warm-or coldwater associated biota.

Criteria are presented €or those substances that may occur in
water where data indicate the potential for harm to aquatic life,
or to water users, or to the consumers of the water or aquatic
life. Presented criteria do not represent an all-inclusive list
of constituent contaminants. omissions from criteria should not
be construed to mean that an omitted quality constituent iIs

either unimportant or non-hazardous.
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*ALDRIN-DIELDRIN

CRITERIA:

Aguatic Life

Dieldrin
For dieldrin the criterion to protect freshwater aquatic life
as derived using the Guidelines is 0.0019 ug/L as a 24-hour

average, and the concentration should not exceed 2.5 ug/L at any

time.

For dieldrin the criterion to protect saltwater aquatic life
as derived using the Guidelines is 0.0019 ug/L as a 24-hour

average, and the concentration should not exceed 0.71 ug/L at any
time.

aldrin

For freshwater aquatic life the concentration of aldrin
should not exceed 3.0 ug/L at any time. No data are available
concerning the chronic toxicity of aldrin to sensitive
freshwater aquatic life.

For saltwater aquatic life the concentration of aldrin should
not exceed 1.3 ug/L at any time. No data are available
concerning the chronic toxicity of aldrin to sensitive saltwater
aquatic life.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to aldrin through ingestion of
contaminated water and contaminated aquatic organisms, the
*Indicates suspended, canceled or restricted by v.s. EPA office

of Pesticides and Toxic Substances




ambient water concentration should be =zero, based on the
nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore,
the levels which may result in incremental increase®of cancer
risk over the lifetime are estimated at 107>, 10~% and 1077
The corresponding recommended criteria are 0.74 ng/L, 0.074 ng/L,
and 0.0074 ng/L, respectively. |If these estimates are made for
consumption of aquatic organisms only, excluding consumption
of water, the levels are 0.79 ng/L, 0.079 ng/L, and 0.0079
ng/L, respectively.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to dieldrin through ingestion of
contaminated water and contaminated aquatic organisms, the
ambient water concentration should be zero, based on the
nonthreshold assumption for this chemical. However, zero level
may not be attainable at the present time. Therefore, the levels
which may result iIn incremental iIncrease of cancer risk over the
lifetime are estimated at 107°, 1310-6 and 1077. The
corresponding recommended criteria are 0.71 ng/L, 0.071 ng/L, and
0.0071 ng/L, respectively. |IT these above estimates are made for
consumption of aquatic organisms only, excluding consumption of

water, the levels are 0.76 ng/L, 0.076 ng/L, and 0.0076 na/L,
respectively.

(45 F_R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



AMMONTA

SUMMARY :

211 concentrations used herein are expressed as un-ionized
ammonia (NH;), because NHy, not the ammonium ion (NH,¥) has been
demonstrated to be the principal toxic form of ammonia. The
data used iIn deriving criteria are predominantly from flow
through tests iIn which ammonia concentrations were measured.
Ammonia was reported to be acutely toxic to freshwater organisms
at concentrations (uncorrected for pH) ranging from 0.53 to 22.8
mg/L NH,y For 19 invertebrate species representing 14 families and
16 genera and from 0.083 to 4.60 mg/L NH, For 29 fish species
from 9 families and 18 genera. Among fish species, reported 96-
hour LC50 ranged from 0.083 to 1.09 mg/L for salmonids and from
0.14 to 4.60 mg/L NH, fFor nonsalmonids. Reported data from
chronic tests on ammonia with two freshwater invertebrate
species, both daphnids, showed effects at concentrations
(uncorrected for pH) ranging from 0.304 to 1.2 mg/L WH,, and
with nine freshwater fish species, from five families and seven
genera, ranging from 0.0017 to 0.612 mg/L NH,,

Concentrations of ammonia acutely toxic to fishes may cause
loss of equilibrium, hyperexcitability, iIncreased breathing,
cardiac output and oxygen uptake, and, in extreme cases,
convulsions, coma, and death. At lower concentrations ammonia
has many effects on fishes, including a reduction in hatching
success, reduction in growth rate and morphological development,

and pathologic changes in tissues of gills, livers, and kidneys.



Several factors have been shown to modify acute NH, toxicity
in fresh water. Some factors alter the concentration of un-
ionized ammonia in the water by affecting the aqueous ammonia
equilibrium, and some factors affect the toxicity of un-ionized
ammonia i1tself, eilther ameliorating or exacerbating the effects
of ammonia. Factors that have been shown to affect ammonia
toxicity include dissolved oxygen concentration, temperature,
pH, previous acclimation to ammonia, fluctuating or iIntermittent
exposures, carbon dioxide concentration, salinity, and the
presence of other toxicants.

The most well-studied of these is pH; the acute toxicity of
NH, has been shown to increase as pH decreases. Sufficient data
exist from toxicity tests conducted at different pH values to
formulate a mathematical expression to describe pH-dependent
acute nH, toxicity. The very limited amount of data regarding
effects of pH on chronic uH, toxicity also indicates increasing
NH5 toxicity with decreasing pH, but the data are insufficient
to derive a broadly applicable toxicity/pH relationship. Data on
temperature effects on acute wH, toxicity are limited and
somewhat variable, but indications are that iH, toxicity to fish
IS greater as temperature decreases. There is no information
available regarding temperature effects on chronic vy, toxicity.

Examination of pH and temperature-corrected acute NH;
toxicity values among species and genera of freshwater organisms
showed that iInvertebrates are generally more tolerant than
fishes, a notable exception being the fingernail clam. There is

no clear trend among groups of fish; the several most sensitive



tested species and genera include representatives from diverse
families (Salmonidae, Cyprinidae, Percidae, and Centrarchidae).
Available chronic toxicity data for freshwater organisms also
indicate invertebrates (cladocerans, one insect species) to be
more tolerant than fishes, again with the exception of the
fingernail clam. When corrected for the presumed effects of
temperature and pH, there isalsonoclear trend among groups of
fish for chronic toxicity values, the most sensitive species
including representatives from five families (Salmonidae,
Cyprinidae, Ictaluridae, Centrarchidae, and Catostomidae) and
having chronic values ranging by not much more than a factor or
two. The range of acute-chronic ratios for 10 species from 6
families was 3 to 43, and acute-chronic ratios were higher for
the species having chronic tolerance below the median.
Available data indicate that differences In sensitivities between
warm and coldwater families of aquatic organisms are inadequate
to warrant discrimination in the national ammonia criterion
between bodies of water with "warm" and "coldwater" TFishes:
rather, effects of organism sensitivities on the criterion are
most appropriately handled by site-specific criteria derivation
procedures.

Data for concentrations of #H,; toxic to freshwater
phytoplankton and vascular plants, although limited, indicate
that freshwater plant species are appreciably more tolerant to
NH, than are invertebrates or fishes. The ammonia criterion
appropriate for the protection of aquatic animals will therefore

in all likelihood be sufficiently protective of plant life.



Available acute and chronic data for ammonia with saltwater
organisms are very limited, and insufficient to derive a
saltwater criterion. A few saltwater invertebrate species have

been tested, and the prawn Macrobrachiurn roseTopTrgil was the

most sensitive. The few saltwater fishes tested suggest greater
sensitivity than freshwater fishes. Acute toxicity of wnu,
appears to be greater at low pH values, similar to findings in
freshwater. Data for saltwater plant species are limited to
diatoms, which appear to be more sensitive than the saltwater
invertebrates for which data are available.

More quantitative information needs to be published on the
toxicity of ammonia to aquatic life. Several key research needs
must be addressed to provide a more complete assessment of
ammonia toxicity. These are: (1) acute tests with additional
saltwater fish species and saltwater invertebrate species; (2)
life-cycle and early life-stage tests with representative
freshwater and saltwater organisms from different Tamilies, with
particular attention to trends of acute-chronic ratios; (3)
Tfluctuating and intermittent exposure tests with a variety of
species and exposure patterns; (4) more complete tests of the
individual and combined effects of pH# and temperature, especially
for chronic toxicity; () more histopathological an6
histochenical research with fishes, which would provide a rapid
means of identifying and quantifying sublethal ammonia effects;
and (6) studies on effects of dissolved and suspended solids on

acute and chronic toxicity.



NATIONAL CRITERIA:

The procedures described in the Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses indicate that, except possibly
where a locally important species is very sensitive, freshwater
aquatic organisms and their uses should not be affected
unacceptably if:

(1) the 1-hour* average concentration of un-ionized ammonia
(in mg/L NH,;) does not exceed, more often than once every 3 years

on the average, the numerical value given by 0.52/FT/FPH/2,

where:
FT = 100-03 20-TCAP}; qepp < T < 30
100-03 20-T); 5 < T < TCAP
FPH = 1 i 8 < pH <09
1+107 - 4~PH
1.25 ; 6.5<pH < 7.7

TCAP = 20 C; Salmonids or other sensitive
coldwater species present

= 25 C; Salmonids and other sensitive
coldwater species absent

(*kn averaging period of 1 hour may not be appropriate if
excursions of concentrations to greater than 1.5 times the
average occur during the hour; in such cases, a shorter averaging
period may be needed.)

(2) the 4-day average concentration of un-ionized ammonia
(in mg/L NH,;) does not exceed, more often than once every 3 years
on the average, the average* numerical value given by

0.80/FT/FPH/RATIO, where FT and FPH are as above and:




RATIO = 16 1 7.7 £ pE <9

il

1+107+4PH ;6 5< pH < 7.7

TCAP

15 ¢; Salmonids or other sensitive
coldwater species present

20 ¢; Salmonids and other sensitive
coldwater species absent

(*Because these formulas are nonlinear in pH and temperature, the
criterion should be the average of separate evaluations of the
formulas reflective of the fluctuations of flow, pH, and
temperature within the averaging period; it is not appropriate in
general to simply apply the formula to average pH, temperature,
and flow.)

The extremes for temperature (0, 30) and pH (6.5, 9) given in
the above formulas are absolute. It is not permissible with
current data to conduct any extrapolations beyond these limits.
In particular, there is reason to believe that appropriate
criteria atpd > 9 will be lower than the plateau between pE &
and 9 given above.

Criteria concentrations for the pX¥ range 6.5 to 9.0 and the
temperature range 0 C to 30 C are provided in the following
tables. Total ammonia concentrations equivalent to each un-
ionized ammonia concentration are also provided in these tables.
There are limited data on the effect of temperature on chronic
toxicity. EPA will be conducting additional research on the
effects of temperature on ammonia toxicity in order to fill
perceived data gaps. Because of this uncertainty, additional

site-specific information should be developed before these



criteria are used iIn wasteload allocation modeling. For example,
the chronic criteria tabulated for sites lacking salmonids are
less certain at temperatures much below 20 C than those tabulated
at temperatures near 20 C. Where the treatment levels needed to
meet these criteria below 20 C may be substantial, use of site-
specific criteria is strongly suggested. Development of such
criteria should be based upon site-specific toxicity tests.

Data available for saltwater species are insufficient to
derive a criterion for saltwater.

The recommended exceedence frequency of 3 years 1is the
Agency®s best scientific judgment of the average amount of time
it will take an unstressed system to recover from a pollution
event In which exposure to ammonia exceeds the criterion. A
stressed system, for example, one in which several cutfalls occur
in a limited area, would be expected to require more time for
recovery. The resilience of ecosystems and their ability to
recover differ greatly, however, and site-specific criteria may
be established 1If adequate justification is provided.

The use of criteria in designing waste treatment facilities
requires the selection of an appropriate wasteload a1 location
model. Dynamic models are preferred for the application of these
criteria. Limited data or other factors may make their use
impractical, in which case one should rely on a steady-state
model. The Agency recommends the interim use of 1Q5 or 1¢i¢ for
Criterion Maximum Concentration design flow and 795 or 7910 for
the Criterion Continuous Concentration design flow In steady-

state models for unstressed and stressed systems respectively.




12) 4=day average concentraticns for smmonia,®

BH oc 5 ¢ 10 ¢ 15 C 20 C 25 C W e .

A, Satmonlds or Other Sensitive Coldwater Species Present
Urionlzed Ammonia (mg/liter HHq)

6.50 0.0007 0.000% 0.0013 0.0019 0.0019 0.0019 0.0019
6.75 0.0012 0.0017 0.0023 0.0033 0.0033 0.0033 0.0033
7400 0.0021 0.0029 0.0042 0.005% 0.0059 00059 0.0059
7.25 0.0037 0.0052 0.0074 0.0105 0.0105 0.0105 0.0105
7.50 0.0066 0.0093 0.0132 0.0186 0.0186 0.0186 0.0186
7.7% 0.0105 0.01 53 0.022 0.03 1 0.03 | 0.031 0.031
8.00 0.0126 0.0177 0.025 0.035 0.035 0.035 -0.035
8.25 0.012€ 0.0177 0.025 0.035 0.035 0.035 0.035
8.50 0.012¢ 0.0177 0.025 0.035 0.035 0.035 0.035
8.75 0.0126 0.0177 0.025 0.035 0.035 0.035 0.035
9.00 0.0126 0.0177 0.025 0.035 0.035 0.035 0.035

Total Armoula (mg/ |l ter NH;)

6.50 25 2.4 2.2 2.2 1.4% | +O4 0.73
6.75 2.5 2.4 2.2 2.2 1,49 1,04 0.73
7.00 2.5 2.4 2.2 2.2 149 1,04 Q.74
7.25 2,5 2.4 2.2 2.2 | 50 1,04 0.74
7.50 25 2.4 2.2 2.2 | 9% 1.05 0.74
7.75 23 2.2 2.1 240 1,40 0.99 0.71
8,00 153 | .44 1.37 1.33 0.93 0.66 0.47
8.25 c.87 0.5z 0.70 0.76 054 0.39 0.28
8,50 049 0.47 0.45 0.44 0.32 0.23 0.7
8.75 0.28 0.27 0.26 0.27 0.19 ~ 0,1% 0.11
9,00 0.16 0.16 0.16 0.16 013 0.10 0.0C
B. Saimonids 'and Other Sensitive Coidwater Species Absent?! .
Un=ionized Ammoniz (mg/l1iter NHy) . ‘
&,50 00,0007 0.0009 0.0013 0.0019 0.002¢ 0,0028 0.0026
6,1% 0,0012 0.0017 0.0023 0.0033 0.0047 0.0047 0.0047
7,00 0,0021 0.0029 0.0042 0.0059 0.,0083 0.0083 0.0083
71.2% 0,0037 0.0052 0.0074 0.0105 00,0148 0.0148 0.0148
7.50 0,006¢ 0.0093 0.0132 0.0186 0.026 0.026 0.026
1.75 0.010¢ 0.0153 0.022 003 1 0.043 0.043 0.043
8.00 0.012¢ 0.0177 0.025 0.035 0,0%0 0.05% 0.050
8.25 0.0126 0.0177 0.025 0.035 0.050 0.050 0.050
8.50 0.0126 0.0177 0.025 0.035 0.0% 0,0%0 0.050
8.75 0.0120 0.0177 0.025 0.035 0.050 ¢.050 0.050
9.00 0.0126 0.0177 0.025 0.035 0.05%0 0.05%0 0,050
Total Ammonia (mg/liter NHy)
€.%0 2.5 2.4 2,2 2.2 2 1,45 1.03
6,75 2.5 2,4 2.2 242 21 |47 1-04
7.00 2.5 2.4 2,2 2.2 2,1 | 47 1.04
7.25 2.5 2.4 2.2 1.2 21 1,48 1.05
7.50 2.5 2.4 2,2 2.2 y. 149 1.06
7.75 2,3 2.2 2.1 2.0 .98 1.39 1.00
8.00 1,53 1,44 1,37 1,33 a1 0.93 0.67
8.2% 0,87 0.82 0,78 0.76 0.76 0.54 0.40
8.50 0.4% 0.47 0.45 0.44 0,45 0.33 025
8.75 c.z28 0.27 0.26 0.27 0.27 0.21 0.16
§.00 0.16 0.6 0,16 .16 0.17 0.14 0.11

® To convert thess volues to mg/liter N, muitiply by 0.822.

t Site~-spocitic criteria development IS strongly suggested at temperstures above 20 C
because of the limited data svallable to generats tho criteris recommendation, and
at temperatures beiow 20 C becauss of the limlited data and becouss wmall chengss In
the criterla mey have signiflcant lmpzct on the level Of trestseay requires [N
meeting tho recommended griterle,



(1) One=hoyr average concentrations tor ammonis,*

pH ocC 5c¢ i0C 15 C 20 C 25 C c
A Saimonids or Qther Sensitive Coldwater Speclies FPresent
Un=lcnized Ammonia (mg/ 1} tTer NH3)

6.30 0,00%1 0.0129 0.0182 0.026 0.036 0,03 0.036
6,73 0.0149 0.021 0.030 0.042 0.059 0.059 0.059
7.00 0,023 0.033 0.048 0,644 0.093 0,093 0.093
1.2% 0,034 0.048 0,068 0.095 0.135 0.135 0.135
7.50 0,043 0.064 0.091 0.128 0.181 0,181 0.181
T 0.0%¢ 0.080 0,113 0.159 Q.22 02 0.22
8,00 0.065 0.2 0.130 0.184 0.26 (0023) 036
8,29 0.045 0,092 0.130 0.184 025 056 026
8,50 0.085 0. 0,130 0.164 0.26 05 0.26
8,.7% 0,068 0,052 0.130 0,184 056 0.26 026
9,00 0.06% 0.092 0,130 0,184 036 06 0.26

Totsl Ammonie (mg/11ter NHy)
6.50 35 33 31 30 29 20 14,5
£.75 32 3 28 27 27 186 132
7.00 28 26 25 24 23 b4 11.6
7.23 23 22 20 19.7 19.2 13.4 95
7.%0 174 4.3 19.% 149 14,86 2 | 7.3
7.75 12.2 11,4 109 105 10.3 7.2 5.2
8,00 8.0 75 7l 69 6.8 4.8 3.2
8.25 4.5 4,2 4,1 40 39 2.8 2.1
8,5 2% 2.4 2.3 2.3 2.3 171 1.28
8.75 1.47 | 40 | .57 |38 1.42 1.07 0,83
9.00 0.86 0.8 0.83 0.86 0.91 .72 0.58
8. Salmenids and Other Sensitive Coldwater Species Absant

Un=jonlzed Ammonia (mg/llter NHy)

6.9 0.009 1§ 0.0129 0.0182 0.026 0.036 0.(5L 0.0%1
6.7% 0.0149 0,621 0.030 0.042 0.059 0.084 0.04
7.00 0,023 0.033 0.046 0.066 0,093 0.13 0.131
7.2% 0.034 0.046 0.068 0.0% 0.135 0.190 0.190
7.wW 0.06 0,064 0.0%! 0,128 0.181 0,26 0.26
7.75 0.06 0.C80 0.113 0.159 0.22 Q.32 0.32
8.00 0.065 0,092 0.130 0,184 0.26 0% 0.37
8.,2% 0.065 0.092 0.130 0,184 0.26 0.37 0.37
8490 0.065 0.092 0.1 0.184 D.26 0.37 0.37
8./p 0.065 0.092 0.130 0,184 0.26 0.37 0.57
9.00 0.06%6 0.092 0.130 0.184 0.26 0,37 0.37

Total Ammonia (mg/H]ter NHS)
6.9 35 33 31 30 29 29 20
6.5 32 30 28 27 27 26 18.6
1@ 28 26 25 24 23 23 16,4
1.5 32 22 20 19.7 192 190 13,5
75 17 .4 16,3 13,5 14.9 146 14.% 10.3
T.7% 12.2 11.4 109 105 103 10.2 7.3
8,00 8.0 7.5 7.1 69 6.8 68 4.9
0.25 45 4.2 4,1 40 39 440 2.9
8.50 26 2.4 23 243 2.3 2.4 .81
8.,7% 1.47 | 40 1,37 1.38 1,42 1,52 1.18
9.0 086 0.8 0.8 0,86 0.91 1.01 0.82

* To convert "thess values to mg/liiter N, multiply by 0,822,



The Agency acknowledges that the Criterion Continuous
Concentration stream flow averaging period used for steady-state
wasteload allocation modeling may be as long as 30 days in
situations involving poTws designed to remove ammonia where
limited variability of effluent pollutant concentration and
resultant concentrations in receiving waters can be demonstrated.
In cases where low variability can be demonstrated, longer
averaging periods for the ammonia Criterion Continuous
Concentration (e.g., 30-day averaging periods) would be
acceptable because the magnitude and duration of exceedences
above the Criterion Continuous Concentration would be
sufficiently limited. These matters are discussed in more detail

in the Technical Support Document for Water Quality-Based Toxics

Control (U.S. EPA, 1985a).

(50 F.R. 30784, July 29, 1985)
SEE APPENDIX A FOR METHODOLOGY



BERYLLIUM

CRITERIA:
Aquatic Life

The available data for beryllium indicate that acute and
chronic toxicity to freshwater aquatic life occur at
concentrations as low as 130 and 5.3 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested. Hardness has a substantial effect
on acute toxicity.

The limited saltwater data base available for beryllium does

not permit any statement concerning acute or chronic toxicity.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to beryllium through ingestion
of contaminated water and contaminated aquatic organisms, the
ambient water concentration should be zero, based on the non
threshold assumption for this chemical. However, zero level may
not be attainable at the present time. Therefore, the levels
which may result in incremental increase of cancer risk over the
lifetime are estimated at 107%, 1076, and 10”7. The
corresponding recommended criteria are 68 ng/L, 6.8 ng/L, and

0.68 ng/L, respectively. |If these estimates are made for



consumption of aquatic organisms only, excluding consumption of
water, the levels are1170 ng/L, 117.0 ng/L, and 11.71 ng/L, .

respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



BORON

CRITERION:

. 750 ug/L 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, photographic
materials, metallurgy and for high energy rocket fuels.
Elemental boron also can be used in nuclear reactors for neutron

absorption. Borates are used as "burnable' poisons.

RATIONALE:

Boron is an essential element for growth of plants but there
is no evidence that it is required by animals. The maximum
‘ concentration found in 1,546 samples of river and lake waters
from various parts of the United States was 5.0 mg/L; the mean
value was 0.1 mg/L (Kopp and Kroner, 1967). Ground waters could
contain substantially higher concentrations at certain places.
The concentration in seawater is reported as 4.5 mg/L in the form
of borate (NAS, 1974). Naturally occurring concentrations of
boron should have no effects on aquatic life.
The minimum lethal dose for minnows exposed to boric acid at
20 ®c for 6 hours was reported to be 18,000 to 19,000 mg/L in
distilled water and 19,000 to 19,500 mg/L in hard water (Le Clerc

and Devlaminck, 1955: Le Clerc, 1960).

In the dairy cow, 16 to 20 g/day of boric acid for 40 days




produced no ill effects (McKee and Wolf, 1963).

Sensitive crops have shown toxic effects at 1000 ug/L OFr
less of boron (Richards, 1954). Bradford (1866), in a review of
boron deficiencies and toxicities, stated that when the boron
concentration in irrigation waters was greater than 0.75 ug/L,
some sensitive plants such as citrus began to show injury.
Biggar and Fireman (1960) showed that with neutral and alkaline
soils of high absorption capacities, water containing 2 ug/L
boron might be used for some time without injury to sensitive
plants. The criterion of 750 ug/L i1s thought to protect

sensitive crops during long-term irrigation.

(QUALITY CRITERIA €OR WATER, JULY 1976) PB-263943
SEE APPENDIX C €OR METHODOLOGY



CHLORINATED BENZENES

CRITERIA
Aquatic Life

The available data for chlorinated benzenes indicate that
acute toxicity to fresh water aquatic life at concentrations as
low as 250 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data are
available concerning the chronic toxicity of the more toxic of
the chlorinated benzenes to sensitive freshwater aquatic life but
toxicity occurs at concentrations as low as 50 ug/t, for a fFish
species exposed for 7.5 days.

The available data for chlorinated benzenes indicate that
acute and chronic toxicity to saltwater aquatic life occur at
concentrations as low as 160 and 129 ug/L, respectively, and
would occur at lower concentrations among species that are more

sensitive than those tested.

Human Health

For comparison purposes, two approaches were used to derive
criterion levels for monochlorobenzene. Based on available
toxicity data, for the protection of public health, the derived
level 1s 488 ug/L. Using available organoleptic data, for
controlling undesirable taste and odor quality of ambient water,
the estimated level is 20 ug/L. 1t should be recognized that
organoleptic data as a basis for establishing a water quality

criteria have limitations and have no demonstrated relationship
to potential adverse human health effects.



Trichlorobenzenes

Due to the insufficiency in the available information for the
trichlorobenzenes, a criterion cannot be derived at this time
using the present guidelines.

1,2,4,5-Tetrachlorobenzene

For the protection of human health from the toxic properties
of 1,2,4,5~tetrachlorobenzene Ingested through water and
contaminated aquatic organisms, the ambient water criterion iIs
determined to be 38 ug/L.

For the protection of human health from the toxic properties
of 1,z,4,5-tetrachlorobenzene Ingested through contaminated
aquatic organisms alone, the ambient water criterion 1is
determined to be 48 ug/L.

Pentachlorobenzene

For the protection of human health from the toxic properties
of pentachlorobenzene ingested through water and contaminated
aquatic organisms, the ambient water criterion iIs determined to
be 74 ug/L.

For the protection of human health from the toxic properties
of pentachlorobenzene ingested through contaminated aquatic
organisms alone, the ambient water criterion is determined to be
85 ug/L.

Hexachlorobenzene

For the maximum protection of human health from the potential
carcinogenic effects due to exposure of hexachlorobenzene through
ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentration should be zero based

on the non-threshold assumption for this chemical. However, zero



level may not be attainable at the present time. Therefor, the
levels which may result In incramental increase of cancer risk
over the lifetime are estimated at 1072, 10”%, and 10~7, The
corresponding recommended criteria are 7.2 ng/L, 0.72 ng/L, and
0.072 ng/L, respectively. |ITf the above estimates are made for
consumption of aquatic organisms only, excluding consumption of
water, the levels are 7.4 ng/L, 0.74 ng/L and 0.074. ng/L
respectively.

(45 F.R. 79316, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



DICHLOROCPROPANES /DICHLOROPROPENES

CRITERIA:

Aquatic Life

The available data for dichloropropanes indicate that acute
and chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 23,000 and 5,700ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested.

The available data for dichloropropene indicate that acute
and chronic toxicity to freshwater aquatic life occurs at
concentrations as low as 6,060 and 244 ug/L, respectively, and
would occur at lower concentrations among species that are more

sensitive than those tested.

The available data for dichloropropane indicate that acute
and chronic toxicity to saltwater aquatic life occur at
concentrations as low as 10,300 and 3,040 ug/L, respectively, and
would occur at lower concentrations among species that are more
sensitive than those tested.

The available data for dichloropropene indicate that acute
toxicity to saltwater aquatic life occurs at concentrations as
low as 790 ug/L and would occur at lower concentrations among
species that are more sensitive than those tested. No data
are available concerning the chronic toxicity of

dichloropropene to sensitive saltwater aguatic life.



Human Health

Using the present guidelines, a satisfactory criterion cannot
be derived at this time because of insufficient avaiiable data
for dichloropropanes.

For the protection of human health from the toxic properties
of dichloropropenes ingested through water and contaminated
aguatic organisms, the ambient water criterion 1S determined to
be 87 ug/L.

For the protection of human health from the toxic properties
of dichloropropenes ingested through contaminated aquatic

organisms alone, the ambient water criterion Is determined to be
14.1 mg/L.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B €0R METHODOLOGY



*ENDRIN
CRITERIA:

Aquatic Life

For endrin the crit rion to protect fr shwater aquatic 1i e
as derived using the Guidelines 1S 0.0023 ug/L as a 24-hour
average, and the concentration should not exceed 0.18 ug/L at any
time.

For endrin the criterion to protect saltwater aquatic life as
derived using the Guidelines is 0.0023 u4/L as a 24-hour average,

and the concentration should not exceed 0.037 ug/L at any time.

Human Health

The amcient water quality criterion for endrin IS recommended
to be i1dentical to the existing water standard which 1s 1.0 ug/L,
Analysis of the toxic effects data resulted in a calculated level
which Is protective of human health against the ingestion of
contaminated water and contaminated aquatic organisms. The
calculated value is comparable to the present standard. For
this reason a selective criterion based on exposure solely from

consumption of 6.5 g of aquatic organisms was not derived.

*Indicates suspended, canceled or restricted by u.s. EPA Office
of Pesticides and Toxic Substances

(45 F.rR. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



HEPTACHLOR

CRITERIA:
Aquatic Life

For heptachlor the criterion to protect freshwater aquatic
life as derived using the Guidelines is 0.0038 ug/L as a 24-hour
average, and the concentration should not exceed 0.52 ug/L at any
time.

For heptachlor the criterion to protect saltwater aquatic
life as derived using the Guidelines i1s 0.0036 ug/L as a 24-hour
average, and the concentration should not exceed 0.053 ug/L at

any time.

Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure to heptachlor through ingestion
of contaminated water and contaminated aquatic organisms, the
ambient water concentration should be zero, based on the non
threshold assumption for this chemical. However, zero level
may not be attainable at the present time. Therefore, the levels
which may result in incremental increase of cancer risk over the
lifetime are estimated at 10™°, 107%, and 10-7. The
corresponding recommended criteria are 2.78 ng/L, 0.28 ng/L, and
0.026 ng/L, respectively. IFf these estimates are made for
consumption of aquatic organisms only, excluding consumption of
water, the levels are 2.85 ng/L, 0.29 ng/L, and 0.029 ng/L,
respectively.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



HEXACHLOROCYCIOHEXANE

CRITERIA :

Aquatic Life

Lindane

€or lindane the criterion to protect freshwater aquatic life
as derived using the Guidelines Is 0.080 ug/L as a 24-hour
average and the concentration should not exceed 2.0 ug/L at any
time.

For saltwater aquatic life the concentration of lindane
should not exceed 0.16 ug/L at any time. No data are available

concerning the chronic toxicity of lindane to sensitive saltwater

aquatic life.

BHC

The avairlable data for a mixture of i1somers of BHC indicate
that acute toxicity to freshwater aquatic life occurs at
concentrations as low as 100 ug/L and would occur at lower
concentrations anong species that are more sensitive than those
tested. No data are available concerning the chronic toxicity of
a mixture of isomers of BHC to sensitive freshwater aquatic life.

The available data for a mixture of isomers of BHC iIndicate
that acute toxicity to saltwater aquatic life occurs at
concentrations as low as 0.34 ug/L and would occur at lower
concentrations among species that are more sensitive than those
tested. No data are available concerning the chronic toxicity of

a mixture of isomers of BHC to sensitive saltwater aquatic life.



Human Health

For the maximum protection of human health from the potential
carcinogenic effects of exposure tOo alpha-
hexachlorocyclohexane through ingestion of contaminated water and
contaminated aquatic organisms, the ambient water concentrations
should be zero, based on the nonthreshold assumption for this
chemical. However, zero level may not be attainable at the
present time. Therefore, the levels which may result in
incremental increase of cancer risk over the [lifetime are
estimated at 10-6 and 1077.  The corresponding
recommended criteria are 92 ng/L, 9.2 ng/L, and .92 ng/L,
respectively. IT these estimates are made for consumption of
aquatic organisms only, excluding consumption of water, the
levels are 310 ng/L, 31.0 ng/L, and 3.10 ng/L, respectively.

For the maximum protection of:human health from the potential
carcinogenic effects of exposure to beta-hexachlorocyclohexane
through ingestion of contaminated water and contaminated aquatic
organisms, the ambient water concentrations should be zero, based
on the nonthreshold assumption for this chemical. However, zero
level may not be attainable at the present time. Therefore, ths
levels which may result in incremental increase of cancer risk
over the lifetime are estimated at 1075, 107%, and 1077.
The corresponding recommended criteria are 163 ng/L, 16.3 ng/L,
and 1.63 ng/L, respectively. |If these estimates are made for
consumption of aquatic organisms only, excluding consumption of
water, the levels are 547 ng/L, 54.7 ng/L, and 5.47 ng/L,

respectively.



For the maximum protection of human health from the potential
carcinogenic effects due to exposure of gama-
hexachlorocyclohexane through ingestion of contaminated water and
contaminated aquatic organisms, the ambient water concentrations
should be zero, based on the nonthreshold assumption for this
chenical. However, zero level may not be attainable at the
present time. Therefore, the levels which may result in
incremental i1ncrease of cancer risk over the lifetime are
estimated at 1077, 107, and 1077. The corresponding
recommended criteria are 186 ng/L, 18.6 ng/L, and 1.86 ng/L,
respectively. |If these estimates are made for consumption of
aquatic organisms only, excluding consumption of water, the
levels are 625 ng/L, 62.5 ng/L, and 6.25 ng/L, respectively.

For the maximum protection of human health from the potential
carcinogenic effects of exposure to technical -~
hexachlorocyclohexane through ingestion of contaminated water
and contaminated aquatic organisms, the ambient water
concentrations should be zero, based on the nonthreshold
assumption for this chemical. However, zero level may not be
attainable at the present time. Therefore, the levels which may
result in incremental increase of cancer risk over the
lifetime are estimated at 10”2, 10~°%, and 1077. The
corresponding recommended criteria are 123 ng/L, 12.3 ng/L, and
1.23 ng/L, respectively. IT these estimates are made for
consumption of aquatic organisms only, excluding consumption of

water, the levels are 414 ng/L, 41.4 ng/L, and 4.14 na/L,

respectively.



Using the present guidelines, satisfactory criteria cannot be
derived at this tine for delta and epsilon hexachlorocyclohexane .

because of insufficient available data.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



CRITERION:

0.001 ug/L for freshwater and marine aquatic life.
RATIONALE:

Mirex is used to control the imported fire ant Solenopsis

saevissima richteri in the southeastern United States. Its use

is essentially limited to the control of this insect and it is
always presented in bait. In the most common formulation,
technical grade mirex is dissolved in soybean oil and sprayed on
corncob grits. The bait produced in this manner consists of 0.3
percent mirex, 14.7 percent soybean oil and 85 percent corncob
grits. The mirex bait often is applied ata rate of 1.4 kg/ha,
equivalent to 4.2 grams of toxicant per hectare.

Relatively few studies have been made of the effects of mirex
on freshwater invertebrates of 'these, only Ludke et al. (1971)
report chemical analyses of mirex in the water. Their study
reported effects on two crayfish species exposed to mirex by
three techniques. First, field-collected crayfish were exposed
to several sublethal concentrations of technical grade mirex
solutions for various periods of time: second, crayfish were
exposed to mirex leached from bait (0.3 percent active
ingredient); and third, the crayfish were fed mirex bait.

Procambarus klandingi juveniles were exposed to 1 or 5 ug/L

for 6 to 144 hours, transferred to clean water and observed for
10 days. After 5 days in clean water, 95 percent of the animals
exposed to 1 ug/L for 144 hours were dead. Exposure to 5 ug/L
for 6, 24, and 58 hours resulted in 26, 50, and %8 percent

mortality 10 days after transfer to clean water. Crayfish,



Procambarus hayi, were exposed to 0.1 and 0.5 ug/L Tfor 48 hours.

Four days after transfer to clean water, 65 percent of the
animals exposed to 0.1 ug/L were dead. At the 0.5 ug/L
cogcentration, 71 percent of the animals were dead after 4 days
in clean water. Tissue residue accumulations (wetweight basis)
ranged from 940- to 27,210-fold above water concentrations. In
leached bait experiments, 10 bait particles were placed iIn 2
liters of water but isolated from 20 juvenile crayfish. Thirty
percent of the crayfish were dead in 4 days and 95 percent were
dead in 7 days. Water analysis iIndicated mirex concentrations 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 2
bait particles each. From this report it iIs obvious that mirex is
extremely toxic to these species of crayfish. Mortality and
accumulation increase with time of exposure to the insecticide.
Concentrations as low as 0.1 ug/L or the iIngestion 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 (.3 percent
mirex) at the standard rate @4 kxg/ha) In four ponds containing

channel catfish, Jdctalurus 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 were
measured and weighed, and the percent survival was calculated.
¥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,

Leponiz= maerochirus, 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 treating holding ponds with mirex bait
(1.3, 100, and 1000 ug/L computed water concentration). They
reported no mortality or tissue pathology for the bluegills:
however, after 56 days of exposure, gill breakdown in goldfish
was found In the 100 and 1000 ug/L contact exposure ponds, and
kidney breakdown was occurring 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.

In laboratory and field test systems, reported concentrations
of mirex usually are between 0.5 and 1.0 ug/L (VanValin et al.
1968: Ludke et al. 1971). Although mirex seldom is found above 1
ug/L In the aquatic 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. Thelr data revealed that mirex was
transported from treated land and marsh to the 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-detectableto 0.8 ug/g with 15
percent of the samples containing residues. The amount of mirex
and the percent of samples containing mirex increased at higher
trophic levels. Fifty-four percent of the raccoons sampled
contained 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/g), fish
(0.26 ug/g), Iinsects (0.29 ug/g), crustaceans (0.44 ug/g) and
annelids (0.63 ug/g). They also reported that mirex was found
inareas not treated with mirex which suggests movement of the
pesticide in the environment. Wolfe and Norment (1973) sampled
an area for one year following an aerial application of mirex
bait (2.1 g mirex/ha). Crayfish residues ranged from 0.04 to
0.16 uvg/g. Fish residues were about 2 to 20times greater than
the controls and averaged from 0.01 to 0.76 ug/g. Kaiser (1974),
reported the presence of mirex in fish from the Bay of Quinte,
Lake Ontario, Canada. Concentrations range from 0.02 ug/g in

the gonads of the northern long nose gar, Lepistosteus osseus, to

0.05 ug/g in the post-anal fin of the northern pike, Esox lucius.

Mirex has never been registered for use in Canada.

Mirex does not appear to be greatly toxic to birds, with
Lcsor's for the young of four species ranging from 547 to greater
than 1667 uwg/g (Heath et al. 1972). Long-term dietary dosages
caused no adverseeffect at3ug/gwithmallards and 13 ug/g with
pheasants (Heath and Spann, 1973). 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 subjected to
doses above expected environmental concentration.

A summary examination of the data available at this time
shows a mosaic of effects. Crayfish and channel catfish survival
.Isaffected by mirex in the water or by ingestion of the bait
particles. - Bioaccumulation IS well established for a wide
variety of organisms but the effect of this bioaccumulation on
the aquatic ecosystem is unknown, There iIs 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 water concentrations should not exceed
0.001 ug/L mirex. This value is based upon an application factor
of. 0.01 applied to the lowest levels at which effects on crayfish
have been observed.

Data upon which to base amarine criterion involve several
estuarine and marine crustaceans. A concentration of 0.1 ug/L
technical grade mirfx in flowing seawater was lethal to juvenile

pink shrimp, Penaeus durorarum, in a 3-week exposure (Lowe =t al.

1971). In static tests with larval stages (megalopal) of the mud

crab, Rhithreopanepsus harrisii, reduced survival was observed in

4,1-ug/L mirex (Bookhout et al. 1972). In three of four 28-day
seasonal flow-through experiments, Tagatz et al. (1975) found

reduced survival of call inectes sapidus, Penaeus durorarum, and

grass shrimp, Palaemonetes pugio, at levels of 0.12 ug/L in

summer, 0.06 ug/L in fall and 0.09 ug/L in winter.
Since two reports, Lowe et al. (1971) and Booknout et al.

(1972), stated that effects of mirex on estuarine and marine



crustaceans were observed only after considerable time had
elapsed, 1t seems reasonable that length of exposure iIs an
important consideration for this chemical. This may not be the
case in fresh water since the crayfish were affected within 48
hours. Therefore, a 3- to 4-week exposure night be considered
"acute" and by applying an application factor of 0.01 to a
reasonable average of toxic-effect levels as summarized above, a

recommended marine criterion of 0.001 ug/L results.

(QUALITY CRITERIA FOR WATER, JULY 1976) PB-263943
SEE APPENDIX ¢ FOR METHODOMGY



NICKEL

CRITERIA:

Aquatic Life

For total recoverable nickel the criterion (in uwg/L) to
protect freshwater aquatic life as derived using the Guidelines
is the numerical value given by .(0.76[1n(hardness)]+1.06) as a
24-hour average, and the concentration (in uvg/L) should not
exceed the numerical value given by ,(0.76[1n (hardness)]+4.02)
at any time. For example, at hardnesses of 50, 100, and 200 mg/L
as caco’ the criteria are 56, 96, and 160 ug/L, respectively, as
24-hour averages, and the concentrations should not exceed 1,100,
1,800, and 3,100 ug/L, respectively, at any time.

For total recoverable nickel the criterion to protect
saltwater aquatic life as derived using the Guidelines is 7.1

ug/L as a 24-hour average, and'the concentration should not

exceed 140 ug/L at any time.

Human Health

For the protection of human health from the toxic properties
of nickel ingested through water and contaminated aquatic
organisms, the ambient water criterion is determined to be 13.4
ug/L.

For the protection of human health from the toxic properties
of nickel ingested through contaminated aquatic organisms
alone, the ambient water criterion is determined to be 100.

ug/L.

(45 F.R. 79318, November 28, 1980)
SEE APPENDIX B FOR METHODOLOGY



2,3,7,8-TETRACHLORODIBENZO-P-DIOXIN

CRITERIA:
Aguatic Life

Not enough data are available concerning the effects of
2,3,7,8-TCDOD on aquatic life and its uses to allow derivation of
national criteria. The available information indicates that
acute values for some freshwater animal species are >1.0 ug/L;
some chronic values are <9.01 ug/L; and the chronic value
for rainbow trout 1Is <0.001 ug/L. Because exposures of
some species of fishes to 0.01 ug/L for <s days resulted 1iIn
substantial mortality several weeks later, derivation of
aquatic Hlife criteria for 2,3,7,8-7¢DD may require special
consideration. Predicted bioconcentration factors (BCFs) for
2,3,7,8-T¢DD range from 3,000 to 900,000, but the available
measured BCFs range from 390 to 13,000. |If the BCF 1s 5,000,
concentrations >0.00001 ug/L should result 1In concentrations
in edible freshwater and saltwater fish and shellfish that
exceed levels i1dentified in au.s. FDA health advisory. |IT the
BCF 1s >5,000 or 1f uptake i1n a field situation is greater than
that in laboratory tests, the value of 0.00001ug/L will be too
high.

Human Health

€or the maximum protection of human health from the potential
carcinogenic effects of :2,3,7,3-TCDD exposure through ingestion
of contaminated water and contaminated aquatic organisms, the

ambient water concentration should be zero. This criterion is



based on the nonthreshold assumption for 2,3,7,8-TCDD. However,
zero may not be an attainable level atthistime. Therefore, the
levels that may result in an increase of cancer risk over the
lifetime are estimated at 10-%, 10”9, and 10~7. The
corresponding recommended criteria are 1.3x10™7, 1.3x10~% and
1.3x107° ug/L, respectively. |If the above estimates are made for
consumption of aquatic organisms only, excluding consumption of
water, the levels are 1.4x1077, 1.4x10”8 and 1.4x1072 ug/L,
respectively. If these estimates are made for comsumption of

water only, the levels are 2.2x107%, 2.2%1077 and 2.2x107% ug/L,

respectively.

(49 F.R. 5831, February 15, 1984)
SEE APPENDIX B €O0R METHODOLOGY
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ORI & O B B s 11 Tl 1 - N B S tH R '.
ulnosomnrwvmnmu ~ : ¥ ]| ' 1 ) | 1. 4ngee i 18,000.mgee | 1 190 R ] ]
NITROSODIFHERYLAMINE N 1Y 'Yt | I ] 1 4,900 .ngée 1 16,100.ng** | 1 lng I'r; | }
MITROSOPYRROLIDINE M ry Ly b 15.0ges 1 51,900.nge> ! { _ . 1ow . 1
OIL AFD GREAS PN NTINARRATIVE STATEWERT - i 15%¢ RE 114 1
S s | W | M [MARNWATER AND COLIWATER CRITERTA WATRTX ~ sf': DOCUMENT ; : ::“ b ! 5: :
| W P ny 1 o.00 | | o©.04 76 WB
T 2.9 | 0,014 1 0, 1 0.03 0.079ngse  __e.0v9ngess f  |_ 190 R 16 |
3 1 ¥ | Nt 87, 24n, | *3,100. | *I90. : CELS P e ws.n } : :::g : 1 E
' Iy g wy 1 1 ug R
1 ¥ ; " : ss5. | e3.2 | *S). | 1.01mg ; | ;::: :: : 5: :
| W_{ ¥ 1_%.5-2 | } - . _..‘__ S
DAt | ¥~ § Wt e10,300. | *2,%40. | 5, W00.7 5 By t }::2 :: 1' 23 :
PHOSPHORUS ELENENTAL [ i | I 0.1 ! 1
PHTHALATE EFTIRS 1Y 1 ¥} e940. 1 #3, | *2,948. | 3.4 ' { 1980 PR 1 : |
POLYNUCLEAR AROMATIC_HIDROCARNONS VY X b f300 ] .3:0ngee It Inges 1. a0 TR 15
T Y e { ¥ NPT RRRSTT) LT U A § T AR B 8 0.ug | 6.01mg | 1em0 TR 13
RILVER {Y (Mt 4 1 032 | 2.3 ) 30.ug I D.0%mg 1} :::: :‘: ;: :
BOLIDS DIGSOLVED AMD BALIWITY [ I I t 30.m9 ] 1 Tore wh A H
®OLIDS EUSTENDED AND TURAIOITY .. E__| ¥ _INAR . ! "*“jr*“—wﬂ'n"”r" -7
BULTIDE-RYDROGEN BULFINF : : : : : : | 1976 mn . |
TEMPERATURE. g
TETRACHLOR INATED ETHANIS : ; j ;J H ! ; «.1ig } J| :::g R :
TETRACHLOROBERZENE 1,3, 4,5 I S . [ (Y SO S L LT JE PR . .
TETRACHLOFOETHARE 1,1,7,2 } : : : : vs.920 : #3700, : v, %a0. ; i6. roged : { E::g:: : }
TETRA RO/ .
mﬁﬁ,‘ﬁmﬂﬂjﬁ, 1Y Y1 es.2M0. | e840, | *10,200. { e4%0. 0.8uges 9. 8%ugee | t 1980 FR 1 :
CHLOROPHENOL 2,3,5,6 1Y §0| i f [ eaa0, 1 } 1¥s0 TR - 1
THALLIUW 1Y 1 W] #1400, | %40, } ﬂ.iig. : .s l::.w ‘;:-w } { :::g 7': H '
tY || *17,5000 | 1 8,300, L000. .Img g
:gg:::n [ I S T O | 1.8 1 o.01) | 0.0? ] 0. Ting*e 0. 73nges I o0.00%mg | 1980 PR ] 17 }
IRICHLORIWATED. FTHANES —— o B LB - s5iT7007 | — ¥ P e
TRICHLOROETHANE 1,1,1 1 . . 4wy R . -
TRICHLORDETHANE 1,1,2 1y 1Y 1 9,400, | | 0. fugss 41.8ug*s ] { 1980 TR 1 1
TRICRLOROETHY LENE {f | ¥ | #45,000. | #21,900. | *2,000. | 2.7ugee s0.7uges | | :::g : 1 !
YR 1 : | . 2,600.ug . [P [ N ... - ..l
g%fﬁ%ﬁ:ggt :'l : T : » : ¥ =— - } Teer0. | | 1.7uqes 3. sugeé ] | 1+i0 ¥R
VINIL CHLORIDY Py ryt 1 ] |- .ugee 523, uges I 1980 TR | |
hbdaotd 4 P owma “am a0 az i 170 1 LT ] [] 1880 FR 1 1y |
g = Jrews Y=TES 4+ = HARDNESS DEPENDENT CRITERIA (1D0mg/L used) FK = FEULMAL Rwass or
‘mq = siligrams WO ¢ = INSUFFICIENT DATA TO DEVELOP CRITERIA. BB =« QUALITY CRITERIA
ug - VALUE PRESENTED 1E THE L.0.E.L. - LOWEST OPSERVED ﬂ::!;:g:; 1974
- . RFFECT L¥VEL.
f= *% = WUKAN HEZALTH CRITERIA POR CARCINOCENS REPORTED

Mote: This chart is

for general information: please use

FOR THREE RIET LEVELS.
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criteris documents or detniled summeries in "Quality criteris for Water 1986 for requls tory purposes.




UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
OFFICE OF WATER REGULATIONS AND STANDARDS
CRITERIA AND STANDARDS DIVISION

UPDATE #2
to
""QUALITY CRITERIA FOR WATER 1986

May 1, 1987

This iz the second update to the EPA document "Quality Criteria
for Water 1986". Included iIn this package are criteria summaries
for contaminants that were recently revised as well as a criteria
gumqaaydfor a new contaminant. Several hand corrections are also
included.

Revised New Hand corrections
INDEX CHLORPYRIFOS AMMONIA

SUMMARY CHART CYANJDE

NICKEL CHLORINATED ETHANES
PARATH ION

PENTACHLOROPHENOL

TOXAPHEME

ZINC

Directions:
a. Replace sections that have been revised with
new sections.
b. Insert new section alphabetically.
c. Make the i1dentified hand corrections.

For additional information contact: L
EpA’s Criteria and Standards Division

at  (202) 475-7315.




'Q?hﬁﬁonia - page 5, center page, third line of equation should be

ERMY

= T

HAND CORRECTIONS

changed from

"FPH = 1 8 < pH < 9"

to

-_ —— R . e S e e P R v e e A G e S e G e S dm e e B e S R A Y W W e e e

i i“Icyanide - last page, include the following after the last line

"(45 F.R. 79318, Nov. 28, 1980) (650F.R. 30784, July 29, 1985)"

z'ﬂSEE APPENDIX A FOR METHODOLOGY"

:."Chlorinateéthanes - last page, change
"1.03 ug/1"
to

"1.03 g/L"




uality Criteria Summa

Note' This :hln is for general information: pleass use crllurla documents or dutmbd
summaries in "Quality Criteria for Water 1985 for regulatory purposen.

GONGENTARATIONS IN pg &

" Prionty ' Carei-
IPD“UIIH' " nogen

Acute
Crlteria

Frash v

‘ Marine
© Acuts
Criterln

Frash
Chronie
Criteria

Miring
Chrome
Criteria

UNITS PER LITER:

Watar
and
Fish

Ingastion

‘Flﬂh Con-
aumphion
Only

Drinking
Watér
ML

¥ N 700, "520. 920
Y N X 21 &5, X T80.ug

ACRYLONTRILE Y Y *7.550. 2,800 0.058u9™ 0.85u9"
ALDRM Y ¥ 3.0 1.2 0.07ang"™ 0.07ng"" 1980 FR [
ALKALMWTY N N 20,000. W8 A8
AMMONA N N CRITERIA ARE pH AND TEMPEAATUAE DEPENDENT—SEE DOCUMENT 1985 FR ™
ANTRONRY ¥ N *9.000. *1,800. 146.u9 45.000 g 1980 FR t
ARSEMIC M ¥ 220" 17.5ng™ 0.05mg 1900 FR 2t

| ARSEWC (PENT) ¥ ¥ “850. ‘48 2 13, 1905 FR 2t
ARSENC Y Y 360 0. [} 36. 1905 FA [T

| ASBESTOS M ¥ m L 1980 FR

{ BACTERIA N N FOR PRIMARY RECREATION AND SHELLFISH USES-—SEE DOCUMENT <1H00m | 1088FR 36

| BARTUM i N N 1.mg 1.0mg 1976 RB ]
BENZENE 4 ¥ | *5.300. 5,100 *700. 0.86ug"" g™ 1980 FR [

| BENDOINE ¥ ¥ *2.500 9.42ng™" .5ang™ 1980 FR [
BEAYLLIUM Y ¥ *130. 53 .80 70" 1980 FR 0
BHC ¥ N *100. 034 ! . TR0 FR .
CaDMILM ¥ N 39+ 11+ 3 ] 9.3 1049 0.0t0mg 1985 FR 2t
CARBON TETRACHLOMDE ¥ ¥ *35,200 " S 0.4u0"" §.04ug* 1580 FR 1.
CHLORDANE v Y 24 1 0.0043 T 009 | 0004 0.460g" 0.48nG"* 1980 FR 12
CHLORINATED BENZENES ¥ Y 250 | sg 160 529 1980 FA 1
CHLORMATED MAPHTHALENES Y N *1.800. A 1980 FR 1
CHLORINE N N 1% 1. 13 7.5 1904 FR .n
CHLOROALKYL ETHERS ¥ N 238,000 . 1980 FA 1
CHLOROETHYL ETHER (BI1S-2) Yo Y ; 0.03ug"" [ 1080 FR
CHLOROFORM Y Y *28.900. 240 0.15ug"" 18, 7ug" 980 FR 1

| CHLOAOISOPROPYL ETH ER (Bi3-2) Y N . MTug 4.36mg 5980 FR
CHLOROMETHYL ETHER (Bi8) N Y 0.000003P80g™ | 0.00184ug™ | 080 FR
CHLOROPHEND!, 2 ¥ N *4.300. *2.000. 1900 FR 1

| CHLOROPHENGL 4 N N 29,700 1900 FR 1

i CMLOROPHENQXY HERBICIDES (2,4.5,~TH) N N 10.u0 1080 FR

| CHLOROPHENOXY HERBICIDES (2,4-0) N N 100.49 ters A8 ?

. CHLORPYRIFOS N N 0.083 0.041 0.01t 0.0056 1988 FR

| CHLOMO=4 METHTL-3 PHENCL N N 0. 1080FR

. CHROMIUM (HEX) ¥ N 18, 11 1,100, 50, 50.0 0.05mg 1985 FR »
CHROWMIUM (TA) N N 1,700, + 210+ *10.300. 170.mg 3.42.mg 0.05mg 1985 FR 24
COLOA N N NARRATIVE STATEMENT—SEE DOCUMENT 1978 RB
COPPER ¥ N 18.+ 12+ 2% 20 1985 FR 2
CYAMDE ¥ N 2 5.2 1, 1. 200.ug 1985 FR F=]
DoT . Y Y 1.1 0.001 0.13 0.001 0.024ng™ (X - 1980 FR [0
DOT METABQLITE (DDE) Y ¥ *1,080. 14, 1980 FR
DOT METABOUTE (TDE} Y Y .08 38 1980 FA
DEMETON ¥ N 0. 0.1 1918 P8
OHIUTYL PHTHALATE Y N g 184.mg 10FR
OCHLOROCBERZENES Y N 1,120, 763, 1,970, 400.ug 26mg 1900 FR 1
DICHLOROBENZION:E ¥ ¥ 0.01up" 0.020u0" 1980 FR 1
DICHLOROETHANE 1.2 Y Y *119,000. | *20,000. *113.000. 0.0dug™ 263,49 190FR 1
DICHLOROETHYLENES ¥ Y *11,800. *224.000. 0.00ug"™ 1.85ug" 1980 FR '

| DICHLORCPMENOL 2.4 N N *2.020 *365 3.00mg 1980 FA 1
DICHLOROPROPANE ¥ N “23.000. *5.700. 10,300, 3,040, 1980 FR 1
DICHLOROMROPENE Y N *8.060 244, 790 BY.ug 14,1mg 1980 FA 1
DMELDRIN ¥ ¥ 25 0.0019 0.7 0018 0.07rg™ 0.078ng" 1900 FA 1e
OIETHYL PHTHALATE Y N 30.mg 1.80 1980 FR
ORSETHYL PHENOL 1.4 ¥ N 2,120, 1900 FR
DIMETHYL PHTHALATE ¥ N Imy 2% 1980FR
DINTROTOLUENE 2.4 N M 0.11ug™ g™ 19808
DINITROTOLUENE Y N 0.9 14.3mg 1980 FR
DUITROTOLUENE N ¥ *330. *Z30. 550, i) 1980 FR 1
DINITRO-O-CRESOL 2.4 ¥ N t3.4u9 85.ug 980 FR
DIOXIN (2.3,7.8-TCOO) ¥ Y *0.01 *0.00001 omnnq” 0.00001 40" 1984 FR 1
DHPHENYLMYDRAZINE Y i N | - Azng 0.56ug" 1980FR t
DIPMENYLMYDAAZINE 1,2 Y | N 270 1980 FR
L2 FYHY| HEXYL PHTHMALATE ¥ 1 N 1 15.mg 50 mg 1980 FR




ENDOSULFAN ¥ N 022 0.056 0.034 0.0087 THug 159.ug 1080 FR %0
eORIN - Y N 018 L] 0.007 0.0023 159 00002mg | 1980FR (]
ETHYLBENZENE A N X2 000 “33. 32T 19800 FR
FLUORANTHENE ¥ N *3.980. 40, 8. 42.09 St.ug 1980 FA 1 )
GASSES, TOTAL DISSOLVED N N NARRATIVE STATEMENT—SEE DOCUMENT 97O RB
GUTHION N N —_ 0.01 0.01 tors Ag [
HALOETHERS Y N “380. 2. - 1980 FA
HAL Y Y *11,000. *12.000 *8.400. 019" 18.7.9™ 1980 FR
HEFTAGH, OA Y Y 0.52 0.0038 0.053 0.0008 0.28ng" 029ng™ 1080 FR 12
HENACH. OROETHANE N Y 980, 540, 940, 1 0.74ug 1080 FR [
HEXACHLOROBENTENE Y N 0.72ng™ 0.740g™ 1980 FR
HEXACHLOROBUT ADIEME ¥ ¥ 0. 9.3 32, 0.45u0" 509" 1980 FA 2
HEXACHLOROCYCLOMEXAME (LIMDAME) Y Y 20 0.08 0.16 0.004mg 1980 FR 12
HEXACHLOROCY CLOMEXANE-AL PHA Y ¥ ng gt 1980 FR ;
HEXACHLOROC YCLOHEXANE-BETA Y Y 18.g"" $4.7rg" 1980 FR B
HEXACHLOROCYCLOHEXANE-GAMA Y Y 1880 82.5ng™ 1980 FR |
HEXACHLOROCYCLOHEXANE -TECHMICAL ¥ ¥ 12,300 4tdng™ ) 1900 FR :
| HEXACHLOROCYCLOPENTAINENE Y N T 8.2 T 208.ug 1980 FR 3 '
MOM N N 1,000, 0.3mg WTSRE [
SOPHORONE Y N *117,000. *12.800. S.2mg 820.mg 1980 FR
LEAD Y N 82 + 32+ 140, 5.8 5059 0.08mg 1985 FR -]
| MALATHION N N 0.1 0.1 1976 RE
i MANGAMESE N N S0.u9 100.49 WIS RA 1
! MERCURY ¥ N 24 0.012 21 0.02% 1441 1480 0.0xx2mg 1985 FR ?
T WETHOXYCHLOR N N 0.0 0.00 10005 0.1mg 1976 RE 2
MREX N N 0.00 0.001 WISRE 7
MONOCHLOROBENTENE ¥ N e.ug 1980 FR
Y N *2,300. *820. *2.350. : 1980 £R 1
MICKEL ¥ N 1,400 + 180 + 75 83 12400 100.u0 1906 FR 10
NITRATES ] N 10.mg 10.mg 1978R0 [
NMTROBENTENE ¥ N 27 000. “8.800. 1.8y 1980 FR t
MTROPHENOLS ¥ N 230, 150, *4.450. 1980 FR [
NTROSAMNES _ Y ¥ “5.450, | 3,300,000 - 1980 FR 1
MTROSODIRUTYLAMINE K Y 3 [T N S87.ng" 1980 FA
NITROSODIETHYLAMIKE N ¥ Y D.8ng™ 1,280.00" 1980 FR
L] ¥ Y 1409 18.000.ng™* 1980 FR
NITROSOOIPHENTLAMINE N [ ¥ 4800.ng~ | 16,100.n9™ 1980 FR
NITRCSOPYRAOLIOINE N ¥ ¥ 18ng" #1,000.rg"™ 1880FR
OK. ANO GREASE N N NARRATIVE STATEMENT—SEE DOCUMENT W78 RE L]
OXYGEN DISSOLVED N N WARMWATER AND COLDWATER CRITERIA MATRIX—SEE DOCUMENT 1986 FR 56
PARATHION N N 0.085 a9ty 1908 FR []
PCB's ¥ ¥ 20 oote | 10 0.0 0.079ng™ 0.0T9ng" 1980 FA 1L
PENTACH ORIA TED ETHANES N N T4 00 ] TR0 I 1980 FR 1
PENTACHLOROBENTENE N N : Td.ng [ ] . 1980FR
PENTACHL Y N . 3. - 13. 78 10tmg 1008 FR 2
P N N 8.5 8545 1978 A8 [
PHENOL ¥ N *10,200. *2.560. "5.800. 2.5mg 1986 FR -1
PHOSPHORUS ELTMENTAL N N 0.1 1976 RE
PHTHALATE ESTEAS Y N *940. 3. 2,044 34 1940 FR .
POLYNUCLEAN AROMATIC HYDROCARBONS Y Y . *300. 2409 N.ig 1980 FR 1
M Y N 200. ». 0. 54. 10.09 0.01mg 1980 FR 15
SILVER ¥ N 41+ 0.12 23 50..0 0.08mg 1900 FR 14
SOLIOS DISSCLYED AND SALINITY N N 250.mg WA £
SOLIDS SUSPEIMOED AND TURBIITY N N NARRATIVE STATEMENT=SEE DOCUMENT I 1978R0 -
SULFADE-HYDROGEN SULROE N N 2. b i 2. 1978 RD :
TEMPEAATURE N N SPECIES DEPENDENT CRITERIA—SEE DOCUMENT WHRS [ ] !
TETRACHLORNATED ETHANES Y N 9,320 1980 FR i
TETRACHLOROBENZENE 1,2.4,5 Y N ) g 1900 FA
R ¥ Y *2.400. “9,020. 01Tug™ 10.Tug” 1980 FR *
TETRACHLOROETHANES ¥ N 3.320. 1980 FR |
TETRACHLOMOETHYLENE Y Y 5,280, *840. 10,200, *450. Oug™ [Ty 1980 FR 1
TETRACMHLI Y N 440, 1) FR
THALLUM hd N *1.400. *40. “2.130. 1300 Mg 1080 FR 2
TOLUENE Y N *17.500. *6,300. “5.000. 14.3myg 424.mg 1080 FR t
. TONAPHENE : ¥ ¥ 0.73 0.0002 o 0.0002 0.71ng™ 0.7 0.008mg 1806 Fh 17
TRICHLOMINATED ETHANES ¥ ¥ *18.000 1906 FR
TRCALOAOETHANE 1,1,1 ¥ N 31,200, 18.4mg 1.0 1980 FR 1 ,
TRICHLOROETHANE 1,1,2 Y Y 9,400, 0.8ug™ 41800 1980 FR t
TRICH, OROETHYLENE Y Y *45,000. 21,000 *2.000. g™ o7 1980 FA 1
TRICHLOAOPHENO. 2,4,5 N N 2,600.ug 1000 FR
TRICHLOROPHENOL 2.4.6 ¥ M $70. 1209 386" 1980FR
VINYL CIHLORIDE ¥ ¥ 209" 826, 0" 1880 FR
DG Y N 120+ 110+ [ [ ] 187 FR [

¥ = YE3 . + =Hardness Dependen: Critenia {100 mg L used) FA = FEDERAL REGISTER

- H = 1 MTERIA
W=xo ° = Insufficient Data o Devalop Criteria. ro gg:u:r‘i:ﬂ 1978

Value Presented is the L.O.E.L. —Lowesl Observed Effect Lovel
NMCL - MAXIMUM . (REDBQOK)

. ** = Human Health Critena For Carcinogens Reported For Three
CONTAMINANT LEVEL: Hish Lavels. Valus Presentsd is the 108 Pisk Leves,

= = pH Dependent Critens (7.8 M used)




INDEX
. INTRODUCT ION
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Acenaphthene
Acrolein
Acrylonitrile
Aesthetics
Alkalinity
Aldrin/Dieldrin
Ammonia

Antimony

Arsenic

Asbestos

Bacteria

Barium

Benzene

Benzidine

Beryllium

Boron

Cadmium

Carbon Tetrachloride
Chlordane
Chlorinated Benzenes
Chlorinated Ethanes
Chlorinated Naphthalenes
Chlorine

Chlorinated Phenols
Chloroalkyl Ethers
Chloroform
Chlorophenoxy Herbicides
Chlorpyrifos
Chromium
2-Chlorophenol

Color

Copper

Cyanide

DDT and Metabolites
Demeton
Dichlorobenzenes
Dichlorobenzidine
Dichloroethylenes
2.4. - Dichlorophenol

Dichleropropanes/Dichloropropenes

2.4. - Dimethylphenol
Dinitrotoluene
Diphenylhydrazine
Endosulfan

Endrin

Ethylbenzene
Fluoranthene

Gasses, Total Dissolved

PB 86-158-045 & PB-263943

NTIS No.

PB 81-117269
PB 81-117277
PB 81-117285
PB-263943

PB-263943

PB 81-117301
PB 85-227114
PB 81-117319
PB 85-227445
PB 81-117335

PB-263943

PB 81-117293
PB 81-117343
PB 81-117350
PB-263943

PB 85-227031
PB 81-117376
PB 81-117384
PB 81-117392
PB 81-117400
PB 81-117426
PB 85-227429
PB 81-117434
PB 81-117418
PB 81-117442
PB-263943

PB 87-105359
PB 85-227478
PB 81-117459
PB-263943

PB 85-227023
PB 85-227460
PB 81-117491
PB-263943

PB 81-117509
PB 81-117517
PB 81-117525
PB 81-117533
PB 81-117541
PB 81-117558
PB 81-117566
PB 81-117731
PB 81-117574
PB 81-117582
PB 81-117890
PB 81-117608
PB-263943



Guthion PB-263943
Haloethers PB 81-117616
Halomethanes PB 81-117624
Hardness PB-263943
Heptachlor PB 81-117632
Hexachlorobutadiene PB 81-117640

Hexachlorocyclohexane

Hexachlorocyclopentadiene

PB 81-117657
PB 81-117665

Iron PB-263943
Isophorone PB 81-117673
Lead PB 85-227437
Malathion PB-263943
Manganese PB-263943
Mercury PB 85-227452
Methoxychlor PB-263943
Mirex PB-263943
Naphthalene PB 81-117707
Nickel PB 87-105359
Nitrates. Nitrites PB-263943
Nitrobenzene PB 81-117723
Nitrophenols PB 81-117749
Nitrosamines PB 81-117756

O1l and Grease
Oxygen, Dissolved

PB-263943
PB 86-208253

Parathion PB 87-105383
Pentachlorophenol PB 87-105391
Ph PB-263943
Phenol PB 81-117772
Phosphorus PB-263943

Phthalate Esters

Polychlorinated Biphenyls
Polynuclear Aromatic Hydrocarbons

PB 81-117780
PB 81-117798
PB 81-117806

Selenium PB 81-117814
Silver PB 81-117822
Solids (Dissolved) & Salinity PB-263943 y
Solids (Suspended) & Turbidity PB-263943
Sulfides, Hydrogen Sulfide PB-263943

Tainting Substances PB-263943
Temperature o PB-263943
2.3.7.8-Tetrachlorodibenzo-p-dioxin EPA # 440/5-84-007
Tetrachloroethylene PB 81-117830
Thallium PB 81-117848
Toluene PB 81-117855
Toxaphene PB 87-105375
Trichlorocthylene PB 81-117871

Vinyl Chloride PB 81-11788%

Zinc PB 87-153581

APPENDIX A Methodology for Developing Criteria
APPENDIX B Methodology for Developing Criteria
APPENDIX C Methodology €or Developing Criteria
BIBLIOGRAPHY



CHLORPYRIFOS

Summary
The acute values for eighteen freshwater species in Tifteen

genera range from 0.11 ug/L for an amphipod to greater than 806
ug/L Ffor two Tfishes and a snail. The bluegill 1s the most
acutely sensitive Tish species with an acute value of 10 ug/L,
but seven Intervetebrate genera are more sensitive. Smaller
organisms seem to be more acutely sensitive than larger ones.

Chronic toxicity data are available for one freshwater
species, the fathead minnow. Unacceptable effects occurred in
second generation larvae at 0.12 ug/L, which was the lowest
concentration tested. The resulting acute-chronic ratio was
greater than 1,417.

Little information is available on the toxicity of
chlorpyrifos to freshwater plants, although algal blooms
frequently fTollow field applications of chlorpyrifos. The only
available bioconcentration test on chlorpyrifos with a freshwater
species was with the fathead minnow and resulted In a bpiocconcen-
tration factor of 1,673.

The acute toxicity of chlorpyrifos has been determined for 15
species of saltwater animals in 12 genera with the acute values
ranging from 0.01 ug/L for the Korean shrimp, Palaemon

macrodactvlus, to 1.911 ug/L for larvae of the eastern oyster,

Crassostrea viraginica. Arthropods are particularly sensitive 10O
chlorpyrifos. Among the 10 species of fish tested, the 96-hr

Lc50s range from 0.58 ug/L for striped bass to 520 uwg/L for gulf



toadfish. Fish larvae are more sensitive than other life stages.

Growth of the mysid, Mysidopsis bahia, was reduced at 0.004 ug/L

in a life-cycle test. In early life-stage tests, the California
grunion, Leuresthes tenuis, was the most sensitive of the six
fishes, with growth being reduced at 0.30 ug/L. OF the seven
acute-chronic ratios that have been determined with saltwater
species, the five lowest range from 1.374 to 12.50, whereas the
highest is 228.5.

Concentrations of chlorpyrifos affecting six species of
saltwater phytoplankton range from 138 to 10,000 ug/L, BCFs
ranged from 100 to 5,100when the gulf toadfish was exposed to
oncentrations iIncreasing from 1.4 to 150 ug/L. Steady-state
BCFs averaged from 100 to 757 for five fishes exposed 1In early

life-stage tests.

National Criteria

The procedures described 1In the ™"Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses' indicate, that except possibly
where a locally important species i1s very sensitive, Tfreshwater
aquatic organisms and their uses should not be  affected
unacceptably 1f the four-day average concentration of
chlorpyrifos does not exceed 0.041 ug/L more than once every
three years on the average and 1f the one-hour average
concentration does not exceed 0.083 ug/L more than once every
three years on the average.

The procedures described In the ™"Guidelines for Deriving

Numerical National Water Quality Criteria for the Protection of

@



Aquatic Organisms and Their Uses" indicate, that except possibly
where a locally Important species iIs very sensitive, saltwater
aquatic organisms and their uses should not be  affected
unacceptably 1f the four-day average concentration of
chlorpyrifos does not exceed 0.0056ug/L, more than once every
three years on the average and 11f the one-hour average
concentration does not exceed 0.011 ug/L more than once every
three years on the average.

Three vyears is the Agency"s best scientific judgment of the
average amount of time aquatic ecosystems should be provided.
between excursions. The resiliences of ecosystems and their
abilities to recover differ greatly, however, and site-specific
allowed excursion frequencies may be established 1f adequate
jJustification is provided.

Use of criteria for developing water quality-based permit
limits and for designing waste treatment facilities requires
selection of an appropriate wasteload allocation model. Dynamic
models are preferred for the application of these criteria.
Limited data or other consideretions might make thelr use
impractical, in which case one must rely on a steady-state model.

(51 F.R. 43665, December 3, 1986)
SEE APPENDIX A FOR METHODOLOGY
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NICKEL

Summary
Acute values with twesnty-one freshwater species In 18 genera

range from 1,101 ug/L for a cladoceran to 43,240 ug/L for a fish.
Fishes and invertebrates are both spread throughout the range of
sensitivity. Acute values with four species are significantly
correlated with hardness. Data are available concerning the
chronic toxicity of nickel to two invertebrates and two fishes iIn
freshwater. Data available for two species indicate that chronic
toxicity decreases as hardness increases. The measured chronic

values ranged from 14.77 ug/L with Daphnia magna iIn soft water to

526.7 ug/L with the fathead minnow In hard water. Five acute-~
chronic ratios are available for two species in soft and hard
water and range from 14 to 122.

Nickel appears to be quite toxic to freshwater algae, with
concentrations as low as 50 ug/L  producing significant
inhibition. Bioconcentration factors for nickel range from ¢.8
for fish muscle to 193 for a cladoceran. |

Acute values for twenty-three saltwater species 1iIn twenty
genera range from 151.7 ug/L with juveniles of a mysid of to
1,100,000 ug/L with juveniles and adults of a clam. The acute
values for the four species of fish range from 7,598 to 350.000
ug/L, The acute toxicity of nickel appears to be related to
salinity, but the form of the relationship appears to be species-
dependent.

Mysidopsis bahia is the only saltwater species with which an

acceptable chronic test has been conducted on nickel. Chronic



exposure to 141 ug/L and greater resulted in reduced survival and
reproduction. The measured acute-chronic ratio was 5.478.

Bioconcentration factors in saltwater range from 261.8 with a
oyster to 675 with a brown alga.

National Criteria

The procedures described In the "Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses™ indicate, that except possibly
where a locally important species iIs very sensitive, freshwater
aquatic organisms and their uses should not be affected
unacceptably if the four-day average concentration of nickel (in

ug/L} does not exceed the numerical value given by e(038460[1n

(hardness)]+1.1645) ..o than once every three. years on the

average and i1f the one-hour average concentration (inug/L) does
not exceed the numerical value given by e(0.8460[1n

(hardness)]+3.3612) ., o than once every three years on the

average. For example, at hardnesses of 50. 100, and 200 mg/L as
CaCO, the four-day average concentrations of nickel are 88, 160,
and 280 ug/L, respectively, and the one-hour average
concentrations are 790, 1400. and 2500 ug/L.

The procedures described in the ™Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses'™ indicate, that except possibly
where a locally iImportant species is very sensitive, saltwater
aquatic organisms and their uses should not be affected
unacceptably i1f the four-day average concentration of nickel does
not exceed 8.3 ug/L more than once every three years on the

average and 1f the one-hour average concentration does not exceed

@



75 ug/L more than once every three years on the average.

"Acid-soluble®™™ 1s probably the best measurement at present
for expressing criteria for metals and the criteria for nickel
were developed on this basis. However, at this time, no EPA
approved method for such a measurement is available to i1mplement
criteria for metals through the regulatory programs of the Agency
and the States. The Agency is considering development and
approval of a method for a measurement such as ™"acid-soluble.™
Until one is approved, however, EPA recommends applying criteria
for metals using the total recoverable method. This has two
impacts: (1) certain species of some metals cannot be measured
because the total recoverable method cannot distinguish between
individual oxidation States, and (2) In some cases these criteria
might be overly protective when based on the total recoverable
method .

Three years i1s the Agency"s best scientific judgment of the
average amount of time aquatic ecosystems should be provided
between excursions. The resiliences of ecosystems and their
abilities to recover differ greatly, however, and site-specific
allowed excursion frequencies may be established i1f adequate
jJustification Is provided.

Use of criteria for developing water quality-based permit
limits and for designing waste treatment facilities requires
selection of an appropriate wasteload allocation model. Dynamic
models are preferred for the application of these criteria.
Limited data or other considerations might make their use

impractical, 1n which case one must rely on a steady-state model.



(51 F.R. 43665, December 3, 1986)

SEE APPENDIX A FOR METHODOLOGY



PARATHION

sSummarcy
The acute values for thirty-seven freshwater species in

thirty-one genera range from 0.0¢ ug/L for an early instar of a

crayfish, Orconectes nais, to 5,230ug/L for two species of

tubificid worms. For Daphnia mzgnz, the chronic value and acute-

chronic ratio are 0.0990 ug/L and 10.10 respectively. Chronic
toxicity values are available for two freshwater fish species,
the bluegiil and the fathead minnow, with chronic values of 0.24
ug/L. and 6.3 ug/L, and acute-chronic ratios of 2.121 and 79.45.
respectively. Two freshwater algae were affected by toxaphene
concentrations of 30 and 390 ug/L, respectively.
Bioconcentration factors determined with three Tfish species
ranged from 27 to 573.

The acute values that are available for saltwater species are

11.5and 17.8 ug/L for the Korean shrimp, Palaemon macrodactvlus.

and 17.8 ug/L for the striped bass, Morone saxatilis. No data

are available concerning the chronic toxicity of parathion to
saltwater species, toxicity to saltwater plants, or
bioaccumulation by saltwater species. Some data indicate that
parathion 1is acutely lethal to commercially important saltwater
shrimp at concentrations as low as 0.24 ug/L. Measurement of
acetylcholinesterase (achkg) i1n fish tissue might be useful for
diagnosing fish kills caused by parathion.

National Criteria

The procedures described in the “Guidelines for Deriving

Numerical National Water Quality Criteria for the Protection of



Aquatic Organisms and Their Uses* indicate, that except possibly
where a locally important species is very sensitive, freshwater
aquatic organisms and their uses should not be affected
unacceptably 1T the four-day average concentration of parathion
does not exceed 0.013 ug/L more than once every three years on
the average and if the one-hour average concentration does not
exceed 0.065 wug/L more than once every three years on the
average.

The procedures described in the “Guidelines Tfor Deriving
Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses” require the availability of
specified data for the derivation of a criterion. A saltwater
criterion for parathion cannot be derived because very few of the
required data are available.

Three vyears is the Agency’s best scientific judgment of the
average amount of time aquatic ecosystems should be provided
between excursions. The resiliences of ecosystems and “their
abilities to recover differ greatly, however, and site-specific
allowed excursion frequencies may be established i1t adequate
Jjustification is provided.

Use of criteria for developing water quality-based permit
limits and for designing waste treatment TfTacilities requires
selection of an appropriate wasteload allocation model. Dynamic
models are preferred fTor the application of these criteria.
Limited data or other considerations might make their use

impractical, in which case one must rely on a steady-state model.

(51 F.R. 43665, December 3, 1986)
SEE APPENDIX A FOR METHODOLOGY




PENTACHLOROPHENOL (®CP}

Summary

The acute and chronic toxicity of PCP to freshwater animals
increased as pH and dissolved oxygen concentration of the water
decreased. Generally, toxicity also increased with 1iIncreased
temperature. The estimated acute sensitivities of 36 species at
pH = 6.5 ranged from 4.355 ug/L Ffor larval common carp to >43,920
ug/L  for a crayfish. At pH = 6.5, the Ilowest and highest
estimated chronic values of <1.835 and 79.66 ug/L, respectively,
were obtained with different cladoceran species. Chronic
toxicity to fish was affected by the presence of impurities, with
industrial-grade PCP being rore toxic than purified samples.
Mean acute-chronic ratios for six freshwater species ranged from
Q.8945 to >15.79, but the mean ratios for the four most acutely
sensitive species only range 0.8945 to 5.035. Freshwater algae
were affected by concentrations as low as 7.5 ug/L, whereas
vascular plants were affected at 189 ug/L and above.
Bioconcentration factors rvanged from 7.3 to 1,066 for three
species of fish.

Acute toxicity values from tests with 18 species of saltwater
animals, representing 17 genera, range from 22.63 ug/L for late

yolk-sac larvae of the Pacific herring, Clupesa narenqus pallasi,

to 18,000 wug/L Ffor adult blue mussels, Mvtllus =dulis. The

embryo and larval stages of iInvertebrates and the late larval
premetamorphosis stage of fish appear to be the most sensitive

life stages to PCF. With few exceptions, fi¢sh are more sensitive




than iInvertebrates to PCP. Salinity, temperature, and pH have a
slight effect on the toxicity of PCP to some saltwater animals.

Life-cycle toxicity tests have been conducted with the

sheepshead minnow, Cyprinodon variegatus. and the polychaete

worm, Ophrvotrocha diadema. The chronic value for the minnow 1is

64 .31 ug/l. and the acute-chronic ratio iIs 6.873. Unfortunately,
no statistical analysis of the data from the test with the worm
1s available.

The EC50s for saltwater plants range from 17.40 ug/L for the

diatom, Skeletonema costatum, to 3.600 ug/L for the green alga,

Dunaliella tertiolecta. Apparent steady-state BCFs are available

for the eastern oyster. Crassostrea virginica, and two saltwater

fishes and range from 10 to 82.

National Criteria

The procedures described iIn the “Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses'™ iIndicate, that except possibly
where a locally important species is very sensitive, fTreshwater
aquatic organisms and their uses should not be affected
unacceptably if the four-day average concentration (in ug/L) of
pentachlorophenol does not exceed the numerical value given by
e[l.OOS(pH)-S.ZQO] more than once every three years on the
average and if the one-hour average concentration (inug/L) does

[1.005(pH)-4.830) ..

not exceed the numerical value given by e
than once every three years on the average. For example, at pH =
6.5. 7.8, and 9.0 the four-day average concentrations ©£f

pentachlorophenol are 3.5, 13, and 43 ug/L, respectively, and the

@
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one-hour average concentrations are 5.5, 20, and 68 ug/L. At pH
= 6.8, a pentachlorophenol concentration of 1.74 ug/L caused a
50% reduction In the growth of yearling sockeye salmon In a 355%-
day test.

The procedures described in the “Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aguatic Organisms and Their Uses* indicate, that except possibly
where a locally Important species i1s very sensitive, saltwater
aquatic organisms and their uses should not be  affected
unacceptably 1f the four-day average concentration of
pentachlorophenol does not exceed 7.9 ug/L more than once every
three vyears on the average and i1f the one-hour average
concentration does not exceed 13 ug/L more than once every three
years on the average.

Three years is the Agency’s best scientific judgment of the
average amount of time aquatic ecosystems should be provided
between excursions. The resiliences of ecosystems and their
abilities to recover differ greatly, however, and site-specific
allowsgd excursion Trequencies may be established i1f adequate
Justification is provided.

Use of criteria for developing water quality-based permit
limits and for designing waste treatment Tacilities requires
selection of an appropriate wasteload allocation model. Dynamic
models are preferred for the application of these criteria.
Limited data or other considerations might make their use
impractical, in which case one must rely on a steady-state model.

(51 F.R. 43665, December 3, 1986)
SEE APPENDIX A FOR METHODOLOGY



TOXAPHENE

Summary

The acute sensitivities of 36 freshwater species In 28 genera
ranged from O.8ug/L to 500 ug/L. Such important fish species as
the channel catfish, largemouth bass, chinook and coho salmon,
brook, brown and rainbow trout, striped bass, and bluegill had
acute senitivities ranging from O.8 ug/L to 10.8 ug/L. Chronic
values for four freshwater species range from less than 0.039
ug/L For the brook trout to 0.1964 ug/L for the channel catfish.
The growth of algae was affected at 100 to 1,000 ug/L, and
bioconcentration factors from laboratory tests ranged from 3.100
to 90,000. Concentrations in lake trout iIn the Great Lakes have
frequently exceeded the U.s. DA action level of 5 mg/kg, even
though the concentrations In the water seem to be only 1 to 4
ng/L. These concentrations in lake water are thought to have
resulted from toxaphene being transported to the Great Lakes from
remote sites, the locations of which are not well known.

The acute toxicity of toxaphene to 15 species of saltwater
animals ranges from 0.53 for pinfish, Lagodon rhomoides. to
460.000 ug/L for the adults of the clam, Ranqia cuneata. Except
for resistant species tested at concentrations greater than
toxaphene®s water solubility, acute values for most species were
within a factor of 10. The toxicity of toxaphene was found toO
decrease slightly with increasing salinity for adult blue crabs.

Callinectes sapidus, whereas no relationship between toxicity and

salinity was observed with the three spine stickleback,



Gasterosteus aculeatus. Temperature significantly affected the

toxicity of toxaphene to blue crabs.
Early life-stage toxicity tests have been conducted with the

sheepshead minnow, Cyprinodon Vvarieqatus, and the longnose

killifish, Fundulus similis, whereas life-cycle tests have been
conducted with the sheepshead minnow and a mysid. For the
sheepshead minnow, chronic values of 1.658 ug/L from the early
life-stage test and 0.7141 ug/L from the life-cycle toxicity test
are similar to the 96-hr LC50 of 1.1 ug/L. Killifish are more
chronically sensitive with effects noted at 0.3 ug/L. In the
life-cycle test with the mysid, no adverse effects were observed
at the highest concentration tested, which was only slightly

below the 96-hr Lc50, resulting in an acute-chronic ratio of
1.132.

Toxaphene 1s bioconcentrated by an oyster, Crassostrea

virsinica, and two fishes, €. variegatus and ¥. similis, to

concentrations that range from 9,380 to 70.140 times that in the

test solution.

National Criteria

The procedures described in the ™"Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Agquatic Organisms and Their Uses'™ iIndicate, that except possibly
where a locally important species is very sensitive, freshwater
aquatic organisms and their uses should not be affected
unacceptably if the four-day average concentration of toxaphene
does not exceed 0.0002 ug/L more than once every three years on

the average and if the one-hour average concentration does not



exceed 0.73 ug/L more than once every three years on the average.
IT the concentration of toxaphene does exceed 0.0002 ug/L, the
edible portions of consumed species should be analyzed to
determine whether the concentration of toxaphene exceeds the FDA
action level of 5 mg/kg. IT the channel catfish is as acutely
sensitive as some data indicate it might be, it will not be
protected by this criterion.

The procedures described in the “Guidelines fTor Deriving
Numerical National Water Quality Criteria for the Protection of
Aguatic Organisms and Their Uses* indicate, that except possibly
where a locally Important species is very sensitive, saltwater
aquatic organisms and their uses should not bpe affected
unacceptably 1f the four-day average concentration of toxaphene
does not exceed 0.0002 ug/L more than once every three years on
the average and if the one-hour average concentration does not
exceed 0.21 ug/L more than once every three years on the average.
IT the concentration of toxaphene does exceed 0.0002 ug/L, the
edible portions of consumed species should be analyzed to
determine whether the concentration of toxaphene exceeds thef FDA
action level of 5 mg/kg.

Three vyears is the Agency’s best scientific judgment of the
average amount of time aquatic ecosystems should be provided
between excursions. The resiliences of ecosystems and their
abilities to recover differ greatly, however, and site-specific
allowed excursion frequencies may be established 1f adequate
Justification is provided.

Use of criteria for developing water quality-based permit

limits and for designing waste treatment Tacilities requires




selection of an appropriate wasteload allocation model. Dynamic
models are preferred fTor the application of these criteria. .')
Limited data or other considerations might make their use
impractical, in which case one must rely on a steady-state model.

(51 F.R. 43665, December 3, 1986)
SEE APPENDIX A FOR METHODOLOGY




ZINC

Summary

Acute toxicity values are available for 43 species of
frashwatar animals and data for eight species iIndicate that acute
toxicity decreases as hardness increases. When adjusted to a

hardness of 50 mg/L, sensitivities range from 50.70 ug/L Tfor

Ceriodaphnia reticulata to 88,3850 ug/L Ffor a damselfly.
Additional data indicate that toxicity Increases as tempsaruturs
INncreases. Chronic toxicity data are available for nine
freshwater species. Chronic values for two invertebrates ranged

from 46.73 ug/L Ffor Daphnia magna to »5,243 ug/L For the

caddisfly, Clistoronla magnifiaia. Chronic values for seven Fish

species ranged from 36.41 ug/L for the Tflagfish, Jordanella
floridae, to 854.7 ug/L for the brook trout, Salvelinus

fontinalis. Acute-chronic ratios ranged from 0.2614 to 41_20.

but the ratios for the sensitive species were all less than 7.3.
The sensitivity range of freshwater plants to zinc i1s greater

than that for animals. Growth of the alga, Selenastrum

capriocorputum, was iInhibited by 30 uwg/L. On the other hand,

with several other species of green algae, 4-day £c50s exceeded
200,000 ug/L. zZinc was found to bioaccumulate in freshwater
animal tissues from 51 to 1,130 times the concentration present
in the water.

Acceptable acute toxicity values for zinc are available for
33 species of saltwater animals including 26 invertebrates and 7

fish. LC50s range from 191.5 ug/L for cabezon, 3Scorpanichthvs



marmoratus to 320.400 ug/L for adults of another clam, Macoma

balthica. Early life stages of saltwater invertebrates and

fishes are generally more sensitive to zinc than juveniles and
adults. Temperature has variable and inconsistent effects on the
sensitivity of saltwater invertebrates to zinc. The sensitivity
of saltwater vertebrate animals to zinc decreases with iIncreasing
salinity, but the magnitude of the effect is species-specific.

A life-cycle test with the mysid, Mysidopsia bahia, found

unacceptable effects at 120 ug/L, but not at 231 ug/L, and the
acute-chronic ratio was 2.997. Seven species of saltwater plants
were affected at concentrations ranging from 19 to 10,100 ug/L.
Bioaccumulation data for zinc are available for seven species of
saltwater algae and five species of saltwater animals. Steady-
state zinc biroconcentration factors for the twelve species range

from 3.692 to 23.820.

National Criteria

The procedures described in the "Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aquatic Organisms and Their Uses"™ indicate, that except possibly
where a locally important species is very sensitive, freshwater
aquatic organisms and their uses should not be affected

unacceptably if the four-day average concentration of zinc (in

ug/L) does not exceed the numerical value given by e(0.8473[1n

(hardness)]+0.7614) ., 0 than once every three vyears on the

average and i1t the one-hour average concentration (inug/L) does

not exceed the numerical value given by 0 (0-8473[1n

(hardness)]+0.8604) ., 0 than once every three years on the




average. For example, at hardnesses of 50, 100, and 200 mg/L as

caCco,, the four-day average concentrations of zinc are 59, 110 and

3
190 ug/L, respectively, and the one-hour average concentrations
are 65, 120, and 210 ug/L. |If the striped bass is as sensitive
as some data indicate, it will not be protected by this
criterion.

The procedures described in the '"Guidelines for Deriving
Numerical National Water Quality Criteria for the Protection of
Aguatic Organisms and Theilr Uses" indicate, that except possibly
where a locally important species is very sensitive, saltwater
aquatic organisms and their uses should not be affected
unacceptably 1T the four-day average concentration of zinc does
not exceed 86 ug/L more than once .every three years on the
average and If the one-hour average concentration does not exceed
95 ug/L more than once every three years on the average.

"Acid-soluble®™" 1is probably the best measurement at present
for expressing criteria for metals and the criteria for zinc were
developed on this basis. However, at this time no EPA approved
method for such a measurement is available to implement criteria
for metals through the regulatory programs of the Agency and the
States. The Agency is considering development and approval of a
method for a measurement such as "acid-soluble."" Until one 1s
approved, however, EPA recommends applying criteria for metals
using the total recoverable method. This has two impacts: (1)
certain species of some metals cannot be measured because the
total recoverable method cannot distinguish between individual
oxidation States, and (2) iIn some cases these criteria might be

overly protective when based on the total recoverable method.



Three years 1is the Agency’s best scientific judgment of the
average amount of time aquatic ecosystems should be provided
between excursions. The resiliences of ecosystems and their
abilities to recover differ greatly, however, and site-specific
allowed excursion Tfrequencies may be established If adequate
Jjustification is provided.

Use of criteria for developing water quality-based permit
limits and for designing waste treatment facilities requires
selection of an appropriate wasteload allocation model. Dynamic
models are preferred for the application of these criteria.
Limited data or other considerations might make their use

impractical, In which case one must rely on a steady-state model.

52 F.R. 6213, March 2. 198
EE APPENDIX A FOR METHODOLOGY
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