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AUTHORITY

Ambient water quality criteria are published pursuant to Section 304(a) of the Clean Water
Act and may form the basis for enforceable standards if adopted by a State into water quality
standards. The criteria reflect the latest scientific knowledge on the identifiable effects of
pollutants on public health and welfare, aquatic life and recreation. They are developed
using a process described in the "Guidelines for Deriving Numerical National Water Quality
Criteria for the Protection of Aquatic Organisms and Their Uses" (Stephan et al., 1985).

BACKGROUND

Aniline (aminobenzene, benzenamine, phenylamine) occurs naturally in coal tars and is
manufactured through various chemical procedures. The major uses of aniline are in the
polymer, rubber, agricultural and dye industries. Aniline is used to manufacture
polyurethanes, antioxidants, antidegradants, vulcanization accelerators, and sulfa drugs.
Aniline derivatives are used in herbicides, fungicides, insecticides, repellents, and defoliants.

~ Aniline has also been used as an antiknock compound in gasolines. Aniline is the simplest of
the aromatic amines (C;,H;NH,). '

CRITERIA VALUES , :
* Saltwater aquatic organisms and -

their uses should not be affected
unacceptably if the four-day
average concentration (i.e., chronic

Except where locally important species are
very sensitive:

*

Freshwater aquatic organisms and
their uses should not be affected
unacceptably if the four-day
average concentration (i.e., chronic
exposure) of aniline does not
exceed 14 ug/l more than once
every three years on the average
and if the one-hour average
concentration, (i.e., acute exposure)
does not exceed 28 ug/l more than
once every three years on the
average, and

exposure) of aniline does not
exceed 37 ug/l more than once
every three years on the average
and if the one-hour average
concentration (i.e., acute exposure)
does not exceed 77 ug/l more than
once every three years on the
average.



IMPLEMENTATION INTO STATE
STANDARDS

Ambient water quality criteria may form
the basis for enforceable standards if
adopted by a State into water quality
standards. States may opt td develop site
specific criteria (Water Quality.Standards
Handbook, December, 1983, EPA#: =
440/5-83-011). Replacement of national
criteria with site specific criteria may
include site specific criterion
concentrations, mixing zone considerations
(Water Quality Standards Handbook,
December, 1983, EPA#: 440/5-83-011),
averaging periods and site-specific
frequencies of allowed exceedences
(Guidelines for Deriving Numerical
National Water Quality Criteria for the
Protection of Aquatic Organisms and Their
Uses, Stephan et al., 1985). When the
basis for site specific criteria relate to the
averaging period, there should be a
justification for why variability
assumptions underlying national criteria
are inappropriate.

AVAILABILITY OF DOCUMENT

Copies of the propbsed criteria document,
and other referenced documents, may be
obtained from the address below.

Aniline Proposal

.. Water Resource Center, (RC-4100)

U.S. Environmental Protection Agency
401 M Street, S.W.
Washington, D.C., 20460

For further information please contact:

Mrs. Amy L. Leaberry

U.S. Environmental Protection Agency
Office of Water

Water Quality Criteria Section

(Mail Code - 4304)

401 M Street, SW

Washington, DC 20460 .
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FOREWORD

Section 304(a) (1) of the Clean Water Act of 1977 (P.L. 9$5-217) requires
the Administrator of the Environmental Protection Agency to publish water
quality criteria that accurately reflect the latest scientific knowledge on
the kind and extent of all identifiable effects on health and welfare that
might be expected from the presence of pollutants in any body of water,
including ground water. This document is a revision of proposed criteria
based upon consideration of comments received from other federal agencies,
state agencies, special interest groups, and individual scientists. Criteria
contained in this document replace any previously published EPA aquatic life
criteria for the same pollutant(s).

The term "water quality criteria” is used in two sections of the Clean
Water Act, section 304(a)(l) and secfion 303(c)(2). The term has a different
program impact in each section. In section 304, the term represents a non-
regulatory, scientific assessment of ecological effects. Criteria presented
in this document are such scientific assessments. If water quality criteria
associated with gpecific stream uses are adopted by a state as water quality
standards under section 303, they represent maximum acceptable pollutant
concentrations in ambient waters within that state that are enforced through
issuance of discharge limitations in NPDES permits. Water quality criteria
adopted in state water quality standards could have the same numerical values
as criteria developed under section 304. However, in many situations states
might want to modify water quality criteria developed under section 304 to
reflect local environmental conditicns and human exposure patterns.
Alternatively, states may use different data and assumptions than EPA in
deriving numeric criteria that are scientifically defensible and protective of
designated uses. It is not until their adoption as part of state water
quality standards that criteria become regulatory. Guidelines to assist the
states and Indian tribes in modifying the criteria presented in this document
are contained in the Water Quality Standards Handbook (December 1983). This
handbook and additional guidance on the development of water quality standards
and other water-related programs of this Agency have been developed by the

Office of Water.

This document, if finalized, would be guidance only. It would not
establish or affect legal rights or obligations. It would not establish a
binding norm and would not be finally determinative of the issues addressed.
Agency decisions in any particular situation will be made by applying the
Clean Water Act and EPA regulatiocns on the basis of specific facts presented
and scientific information then available.

Tudor T. Davies
Director
Office of Science and Technology
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Introduction

Aniline (aminobenzene, benzenamine, phenylamine) is the simplest of the
aromatic amines (CH,NH,). It occurs naturally in coal-tars (Shelford 1917)
and is manufactured by the catalytic reduction of nitrobenzene, amination of
chlorobenzene and ammonolysis of phenol.

The major users of aniline are the polymer, rubber, agricultural and dye
industries. Demand for aniline by the dye industry was high prior to the
1970’s but decreased markedly in the United States thereaftef because of the
increased use of synthetic fabrics. ’Aniline is used today primarily by the
polymer industry to manufacture products such as polyurethanes. The rubber
industry uses large amounts of aniline to manufacture antioxidants,
antidegradants and vulcanization accelerators. The pharmaceutical industry
uses aniline in the manufacture of sulfa drugs and other products. Important
agricultural uses for aniline derivatives include herbicides, fungicides,
insecticides, repellents and defoliants. Aniline has also been used as an ‘
antiknock compound in gasolines (Kirk-Othmer 1982).

Aniline is soluble in water up to 34,000,000 wg/L (Verschueren 1977).
The log,, of the octanol-water partition coefficient for aniline is 0.90 (cﬁiou
1985a). Through direct disposal, such as industrial discharges and non-point
sources associated with agricultural uses, it enters the aquatic environment.
It is removed from the aquatic environment by several mechanisms. The maior
pathway of removal from water is by microbial decomposition (Lyons et al.
1984, 1985). Several minor pathways have been identi{ied including
evaporation, binding to humic substances and autoxidation.

Additions to the aniline molecule of certain functicnal groups have deen
found to increase toxicity (Brooke eﬁ al. 1984; Geiger et al. 1986, 1987,.
Tests with the fathead minnow (Pimephales promelag) have demonstrated that
substitutions with halogeni, (chlorine, fluorine, and bromine) increased
toxicity. The addition of alkyl groups also increased toxicity; the toxic.ty
increases in proportion to the increase in chain length. Twenty-four

substitutions were tested and all except para additions of methyl and nitro
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groups increased the toxicity to the fathead minnow.

All concentrations reported herein are expressed as aniline. Results of
such intermediate calculations as recalculated LCS50's and Species Mean Acute
Values are given to four significant figures to prevent round-off error in
subsequent calculations, not to reflect the preciﬁion of the value. Whenever.
adequately justified, a national criterion may be replaced by a site-sgpecific
criterion (U.S. EPA 1983a) that may include not only site-gspecific
concentrations (U.S. EPA 1983b) but also site-specific frequencies of allowed
excursion (U.S. EPA 1985). ’ ‘

A comprehension of the "Guidelines for Deriving Numerical Naticnal Water
Quality Criteria for the Protection of Aquatic Organisms and Their Uses"” ‘
(Stephan et al. 1985), hereinafter referred to as the Guidelines, and the
response to public comment (U.S. EPA 1985), is necessary to understand the
following text, tables, and calculations. The latest comprehensive literature

search for information for this document was conducted in September 1992; slme

more recent information is included.

Acute toxicitvy to Aquatic Animals

The data that are available according to the Guidelines concerning =-e
acute toxicity of aniline are presented in Table 1. Cladocera were the ancst
sensitive group of the 19 species tested. Several species of larval midges
and embryos and larvae of the clawed toad, Xenopus laevis, were the most
resistant to aniline in acute éxposures. Fish tended to be in the mid-crarse
of sensitivity for aquatic organisms.

Forty-eight-hour ECS0s for the cladocerans Ceriodaphnia dubia and
Daphnia magna were 44 ug/L and 530 ug/L, respectively. Several independer:
exposures conducted with both species showed consistency among the taeste
(Table 1). However, there appears to be a large increase in tolerance of
aniline between cladocerans and other aquatic species. The 96-hr LCSQ for --e
next most sensitive species, a planarian, Dugesia tigrina, was 31,600 -Q/L:

Ninety-six~-hour LCS50s for fish ranged from 10,600 to 187,000 ug/L. <-e



rainbcw trout (QOncorhyncus mykisg) was the most sensitive species of fish
tested, with 96-hr LCS0s ranging from 10,600 to 41,000 ug/L. The bluegill
(Lepomis magrochirus) was slightly more tolerant of aniline with a 96-hr LCSO

of 49,000 ug/L. Fathead minnows, Pimephales promelas, and goldfish, Carassius

auratusg, were the most tolerant of aniline of the fish species tested.
Ninety-gix-hour LCSOs for tests with fathead minnows ranged from 32,000 to
134,000 ug/L. A 96-hr LCS50 for the goldfish was 187,000 ug/L.

Franco et al. (1984) exposed four species of midge larvae to aniline and
found them to be the most tolerant of aniline of all species tested. The
midge, Clinotanypus pinguis, was the most tolerant of the four species tested;
a 48~hr LCSO of 477,900 ug/L was calculated for this species. LCSOs for other
midge species tested by Franco et al. (1984), ranged downward to 272,100 ug/L.
Holcombe et al. (1987) tested another species of midge (Tanvtarsusg dissimilis)
and reported a 48-hr LCSO >219,000 wg/L. '

The African clawed frog, Xenopus laevis, was relatively tolerant of ‘
aniline. In a series of three tests, Davis et al. (1981) found that embryos
of African clawed frogs were more tolerant than the larvae. The 96-hr LCS0s
for embryos and tailbud embryos were 550,000 and 940,000 ug/L, respectively,
compared to 150,000 ug/L for the larvae.

Genus Mean Acute Values (GMAVS) are ranked from most sensitive to most
resistant for the nineteen freshwater genera tested (Table 3). The freshwater
Final Acute Value (FAV) of 56.97 ug/L was caléulated using the GMAVs for the
four most sensitive genera, Cerjodaphnia, Daphnia, Dugesia, and Qncorhynchus
which differ from one another within a factor of 251. 'fhe Final Acute Value
is 2.2 times less than the acute value for the most sensitive freshwater
species.

| The acute toxicity of aniline to resident North American saltwater
~animals has been determined with five species of invertebrates and three

species of fish (Thursby and Berry 1§87a, 1987b; Redmond and Scott 1987;
Table 1)< Grass shrimp, tested as larvae, wés the most sensitive species

based on an acute value of 610 wug/L. Crustaceans comprised the three most
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sensitive species tested; acute values ranged from 610 to 16,600 ug/L.  Acute
values for three fishes, a mollusc and an echinoderm ranged from 17,400 to
>333,000 ug/L. Mortalities in acute tests with mysids, grass shrimp,
sheepshead minnews and inland silversides increased during 96-hr tests. GMAVs
are ranked from the most sensitive to the most resistant (Table 3) for the-
eight saltwater genera tested. The Final Acute Value for saltwater species is
153.4 ug/L which is four times less than the acute value for the most

sensitive saltwater species tested.

-

Chronic Toxicity to Agquatic Animalsg

The data that are available according to the Guidelines concerning the
chronic toxicity of aniline are presented in Table 2. Four chronic toxicity
tests exposing freshwater organisms to aniline have been reported. The
cladoceran, Ceriodaphnia dubia, was exposed to initial concentrations ranging
from 1.07 to 26.5 ug/L for seven days with daily renewed exposures (Spehar 1
1987). Survival was not significantly affected at any exposure concentration;
however, effects on young production were observed at 12.7 wg/L, but not at
8.1 Ag/L. The chronic value, based upon reproductive impairment, is 10.1 -
ug/L. This number may be under-protective since it is based upon initial
measured concentrations of aniline and did not take into congideration that
the study showed nearly 100% loss of aniline from solution in 24 hr. A
companidn acute test was conducted with the chronic study and resulted in a
48-hr ECSO of 44 ug/L. Division of this value by the/chronic value generates
an acute-chronic ratio of 4.356 for Cerjodaphnia dubia.

Qaphnia magna were exposed to aniline for 21 days in a renewal test
(Gersich and Milazzo 1988). Mean concentrations for the exposures ranged from
12.7 to 168.6 ug/L for the five concentrations tested. Mean total
young/surviving adult and mean brood size/surviving adult were not
significantly different from the control organisms at 24.6 ug/L but were
significantly diffé:eﬁt at 46.7 ug/L. Based upon these two reproduction

endpoints, the chronic value is 33.9 wg/L. The companion acute value (48-hr



EC50) used to compute an acute-chronic ratio was 170 4g/L (Gersich and Mayes,
1986). Division of this value by the chroﬁic value 6f 33.9 ug/L results in an
acute-chronic ratio of 5.015.

A 90-day ea;ly life-stage test was conducted with rainbow trout (Spehar
1987). The test was started with newly fertilized embrycs. After 56 days |
(swim~-up stage), wet weight was significantly reduced at concentrations of
4,000 ug/L and above. After 90 days of exposure, an effect was not seen at
4,000 ug/L but weight was reduced at 7,800 ug/L. Survival.was reduced at only
the highest exposure concentration (15,900 H#g/L). The chronic value for
rainbow trout is 5,600 ug/L, based upon growth. Spehar (1987) also conducted
a 96-hr acute test which resulted in an acute value of 3b,000 ug/L. Division
of the acute value by the chronic value generates an acute-chronic ratio of
5.357.

The fathead minnow was exposed to aniline concentrations that ranged
from 316 to 2,110 ug/L in 32-day exposures (Russom 1993). Percentage normal
fry at hatch and survival at the end of the test did not differ gignificantly
from the control fish at any ﬁniline concentrations. Growth (weight and
length) was significantly (p<0.05) reduced at anilina concentrations of 735
ug/L and greater, but not at 422 ug/L. Wet weight was reduced by 13.3% and
total length by 6.4% compared to control fish wet weight and total length at
735 ug/L. The chronic value for this test, based upon growth, is 557 ug/L.
The companion acute test resulted in a 96-hr LCS0 of 112,000 ug/L (Geiger et
al. 1990). Division of this value by the chronic value results in an acute-
chronic ratio of 201.1.

The only chronic toxicity test with aniline and saltwater species was
conducted with the mysid, Mysidopsis bahia (Thursby and Berry 1987b).
Ninety-five percent of the mysids exposed during a life-cycle test to 2,400
ug/L died and no young were produced by the survivors. Reproduction of mysids
in 1,100 ug/L was reduced 94 percent relative to controls. No significant
effects were detected on survival, growth, or reproduction in myéids exposed

to <540 ug/L for 28 days. The chronic value for this species is 770.7 ug/L,
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based upon reproductive impairment. A compariscn acute test was conducted

‘with the chronic test which resulted in an acute value of 1,930 ug/L.

Division of this value by the chronic value results in an acute-chronic ratio -
of 2.504.

The Final Acute-Chronic Ratio df 4.137 is the geometric mean of the
acute-chronic ratios of 4.356 for the freshwater cladoceran, Ceriodaphnia
dubia, 5.015 for the freshwater cladoceran, Daphnia magna, 5.357 for the
rainbow trout, Oncorhynchus mykiss, and 2.504 for the saltwater mysid,

Mysidopsig bahia (Table 2). The acute-chronic ratio of 201.1 for the fathead

minnow was not used in this calculation because, as described in the
Guidelines, this species is not acutely sensitive to aniline and its Species
Mean Acute Valpe is not close to the Fingl Acute Value (Table 3). Division of
the freshwater Final Acute Value of 56.97 ug/L by 4.137 results in a |
freshwater Final Chronic Value of 13.77 ug/L. Division of the saltwater Final
Acute Value of 153.4 ug/L by 4.137 results in a saltwater Final Chronic Value
of 37.08 ug/L. The freshwater Final Chronic Value is approximately 1.4 times
greater than the lowest freshwater chronic value of 10.1 ug/L for Ceriodaphnia
dubia. The saltwater Final Chronic Value is a factor of 21 times less than

the only saltwater chronic value of 770.7 ug/L.

Toxicity to Aquatic ants

Results of tests with two species of freshwater green alga exposed td
aniline are shown in Table 4. Sensitivity to aniline differed between the two
species. Four-day exposures with aniline and Selenastrum capricornutum showed
that the ECSOs ranged from 1,000 ug/L (Adams et al. 1986) to 19,000 ug/L
(Calamari et al. 1980, 1982) with reduced growth as the effect. Slooff (1982)
determined an ECSO of 20,000 ug/L for an unidentified species of Selenastrum
with reduced bicmass as the effect: The studies by Adams et al. (1986) were
conducted both with and without a carrier solvent (acetone). The lowest 96-hr
ECS0s weré obtained from expcsures using acetone. However, this relationship

was reversed when the exposure duration was increased to five and six days
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(Table 4). The green alga, Chlorella vulgaris, is congsiderably more tolerant

to aniline than Selenastrum. In l4-day exposures, growth of €. vulgaris was

reduced 58% by 306,000 pg/L and 16% by 184,000 ug/L (Ammann and Terry 1985).
The study also demongtrated that aniline had significant effects upon
respiration and photosynthesis of the species. There are no acceptable plant
data for saltwater species for aniline. A Final Plant Value, as defined in

the Guidelines, cannot be obtained for aniline.

Biocaccumulation

Studies to determine the bioconcentration of aniline with three species
of organisms have been reported (Table S5). In all these studies, steady-state
bioconcentrations were not demonstrated. Daphnia magna bioconcentrated
aniline five times in a 24-hr exposure (Dauble et al. 1984, 1986), a green
alga 91 times in a 24- té 25-hr exposure (Hardy et al. 1985) and rainbow trout
S07 times in a 72-hr exposure (Dauble et al. 1984). Because tests were not of
sufficient duration according to the Guidelines, and no U.S. PFDA action level
or other maximum acceptable concentration in tissue is available for'aniline,

no Final Residue Value can be calculated.

Other Data

Other data available concerning aniline toxicity are presented in Table
5. Effects oﬁ two species of bacteria were seen at aniline concentrations
ranging from 30,000 to 130,000 ug/L.

" Three genera of algae were exposed to aniline. One species of bluegreen
algae, Microcystis aeruginosa, (Bringmann and Kuhn 1976, 1978a,b), showed more
sensitiﬁity to aniline than other species. Inhibition of cell replication of
this species was observed after an 8-day exposure to 160 ug/L. Fitzgerald et
al. (1952) reported a 24-hr LC50 of 20,000 ug/L with the same species. A 66%
reduction of photosynthesis by the green algae, Se s m ca v cornutum, was
reported by Giddings (1979) after a 4-hr exposure to 100,000 ug/L of aniline.

Several species of protozoans were exposed to aniline. A 28~hr aniline
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exposure with Microregma heterostoma showed that food ingestion was reduced at;
20,000 ug/L (Bringmann and Kuhn '1359a). Other species of protozoa were tested
and showed less gensitivity to aniline (Table ).

The hydrazoan, Hydra oligactis, showed sensitivity to aniline in a 48-hr
test. The LCSO for this species of 406 ug/L was determined by Slooff (1983)
in a static, unmeasured test using river water. Other organisms such as
planarians (Dugesia lugubris), tubificid worms (Tubificidae), and snails
(Lymnea staqnalis) were also tested and had much higher 48-hr LCSOs of
155,000, 450,000 and 800,000 ug/L, gespectively.

Cladocera appeared to be the group most sensitive to aniline. Spehér

(1987) reported a 48-hr LCSO of 132 ug/L for Ceriodaphnia dubia in an exposure

in which thelorganisms were fed their culturing ration. 1In the same study, a
LCS0 of 44 ug/L was determined for unfed Ceriodaphnja dubia. The differeﬁce
in results could have been due to the complexation of aniline by the food
and/or increased hardiness of the fed organisms. Daphnia magna was affectel
(acoustic reaction and mortality) at aniline concentrations ranging from 400
to 2,000 ug/L (Bringmann and Kuhn 195%a,b, 1960; Lakhnova 1975) for 48-hr
exposures. Calamari et al. (1980, 1982) found this species to be more
resistant to aniline with a reported 24-hr ECSO of 23,000 ug/L.

Ingsects showed varying sensitivities to aniline. Puzikova and Markin
(1975) exposed the midge, Chironomus dorsaljs, to aniline through its complete
life cycle and reported 100% aﬁrvival at 3,000 ug/L and 5% survival at 7,800
ug/L. Slooff (1983) exposed mayfly and mosquito larvae to aniline for 48 hr
and reported LCSOs of 220,000 and 155,000 ug/L, respectively.

The toxicity values for rainbow trout in Table 5 are in.general
agreement wigh those used in Table 1. Rainbow trout were exposed to aniline
by several workers using different exposure durations. Shumway and Palensky
(1973) found 100% mortality of rainbow trout at 100,000 ug/L iﬁ a 48-hr
exposure and 100% survival at 10,000 upg/L. Lysak and Marcinek (1972) also
teéorted 1008 mortality for a 24-hr exposure at 21,000 yg/L and observed no
mortality at 20,000 ug/L. Abram and Sims (1982) determined the 7-day LCSO to



e 8,200 ug/L in two separate tests using rainbow trodut.

Several tests were run with aniline iff dilution waters of different
water quality. Water hardness appeared to have little, if any, impact on
aniline toxicity (Birge et al. 197%a,b). Young channel catfish, Ictalurus
punctatusg, were exposed to aniline in waters with a four-fold difference in
hardness (53.3 and 197.5 mg/L as CaCQO;). The resulting LCS50s indicated only a
slight decrease in toxicity with increasing hardness. 1In a similar test they
also exposed goldfish and largemouth bass, Micropterus salmoides, and reported
the opposite effect on toxicity. pH éoes not appear to affect toxicity of
aniline with aquatic organisms (Table 5).

The African clawed frog demonstrated varied effects over a broad range
of concentrations of aniline. Davis et al. (1981) and Dumpert (1987) observed
that aniline concentrations of 50 and 70 ug/L ;esulted in reduced epidermal
pigmentation or failure of larvaé to develop normal pigmentation. In a

!

metamorphosis and reduced growth. At an exposure concentration of 10,000 ug/L

l12-week exposure, Dumpert (1987) showed that 1,000 ug/L of aniline slowed

for 96-hr, 6% of the frog larvae developed abnormalities (Dumont et al. 1979;
Davis et al. 1981). Frog embryos had 50% teratogeny in 120- and 96-hr
exposures at 91,000 and 370,000 ug/L, respectively (Table 5). One hundred
percent mortality of immature frogs occurred during a l2-day exposure to
90,000 ug/L (Dumpert 1987) and 50% mortality during a 48-hr exposure to
560,000 ug/L (Slooff 1982; Slooff and Baerselman 1980).

Concentrations of the free amino acids aspartate, glutamate and alan.-e
in the sea anemone, Bunodosoma cavernata, increased after geven days of
.expcsure to aniline at 500,000 ug/L (Kasschau et al. 1980; Table 5). Tre
lethal threshold (gecmetric mean of the highest concentration with no
mortality and the next higher concentration) was 29,400 ug/L for sand snr.~p,
Crangon septemspinosa, and >55,000 for soft-shelled clams, Mya arenaria

(McLeese et al. 1979).



Unused Data

Some data on the effects of aniline on aquatic organisms were not used
because the studies were conducted with species that are not resident in North
America or Hawaii (Freitag et al. 1984; Hattori et al. 1984; Inel and Atalay
1981; Juhnke and Ludemann 1978; Lallier 1971; Slooff and Baerselman 1980;
Tonogai et al. 1982; Yoshioka et al. 1986a). Chiou (1985b); Hermens et al.
(1985); Hodson (1985); Koch (1986); Newsome et al. (1984); Persson (1984);
Schultz and Moulton (1984); Slooff et al. (1983); Vighi and Calamari (1987)
compiled data from other sources. Résults were not used where the test
procedures or test material were not adequately described (Buzzell et.al.
1968; Canton and Adema 1978; Carlson and Caple 1977; Clayberg 1917; Demay and
Menzies 1982; Kuhn and Canton 1979; Kwasniewska and Kaiser 1984; Pawlaczyk-
Szpilowa et al. 1972; Sayk and Schmidt 1986; Shelford 1917; Wellens 1982).
Data were not used when aniline was part of a mixture (Giddings and Franco
1985; Lee et al. 198S5; Winters et al. 1977) or when the organisms were expos;d
to aniline in food (Lee et al. 1985; Loeb and Kelly 1963).

Babich and Borenfreund (1988), Batterton et al. (1978), Bols et al.
(1985); Buhler and Rasmusson (1968), Carter et al. (1984), Elmamlouk et al..
(1974), Elmamlouk and Gessner (1976), Fabacher (1982), Lindstrom-Seppa et al.
(1983), Maemura and Omura (1983), Pedersen et al. (1976), Sakai et al. (1983),
and Schwen and Mannering (1982) exposed only enzymes, excised or homogenized
tissue, or cell cultures. Anderson (1944), and Bringmann and Kuhn (1982)
cultured organisms in one water and conducted tests in another. Batterton et
al. (1978) conducted a study in which organisms were not tested in water but
were tested on agar in the "algal lawn" test.

Results of one laboratory test were not used because the test was
conducted in distilled or deionized water without addition of appropriate
salts (Mukai 1977). Results of laboratory bioconcentration tests were not
used when the test was not flow-through or renewal (Freitag et al. 1985; Geyer
et al. 1981; Geyer et al. 1984) and BCFs obtained from microcosm or model

ecosystem studies were not used where the concentration of aniline in water

10



decreased with time (Lu and Metcalf 1975; Yount and Shannon 1987). Douglas et
al. (1986) had insufficient mortalities to calculate an LCS50 and Sollmann

(1949) conducted studies without control exposures.

Summar

Data on the acute toxicity of aniline are available for nineteen species
of freshwater animals. Cladocera were the most acutely sensitive group
tested. Mean 48-hr ECSOs ranged from 125.8 ug/L for Ceriodaphnia dubja to 250
yé/L forlbaghnia magna. The planarian, Dugesia tigrina, was the fourth most
sensitive species to aniline with a 96-hr LCS0 of 31,600 ug/L.

Freshwater fish 96-hr LCS0s ranged from 10,600 to 187,000 ug/L. Rainbow
trout, QOncorhynchus mykiss, were the most sensitive fish tested, with species
mean acute values of 26,130 ug/L. The.bluegill, Lepomis macrochgrus, was
nearly as sensitive to aniline as rainbow trout, with a 96-hr LCSO of 49,000
Hg/L reported for this species. The fathead minnow, Pimephales promelas, and
goldfish, Carassius auratus, were the most tolerant fish species exposed to
aniline, with species mean acute values df 106,000 upg/L and 187,000 ug/L,
respectively.-

The most tolerant freshwater species tested with aniline was a midge,
Clinotanvypus pinguis, with a 48-hr LCSO of 477,000 ug/L. Developmental stages
of an amphibian, Xenopus laevis, had differing sensitivities to aniline. <The
embryos wére the most tolerant with a 96~hr LC50 of 550,000 ug/L and the
larvae had a 96-hr LCS50 of 150,000 ug/L.

Data on the acute toxicity of aniline are available for eight spec.es ¢
saltwater animals. Species Mean Acute Values ranged frbm >333,000 ug/L for
larval winter flounder, Pseudopleuronectes americanus, to 610 ug/L for larva.
grass shrimp, Palaemonetes pugio. Arthropods appear particularly sensitive 23
aniline. There are no data to support the derivation of a salinity- or
temperature-dependent Final Acute Egquation.

Chronic tests have been conducted with four species of freshwater

organisms. A chronic value of 10.1 ug/L for the cladoceran, Ceriodaphnia

11
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dubia, was based upon reprcductive impairment. A chrcnic value of 33.9 ug/L
for another cladoceran, Daphnia magna, was also based on reproductive
impairment. Rainbow trout were exposed for>90 days to aniline and the results
showed that survival was reduced at 15,900 ug/L and growth (wet weight) at
7,800 ug/L. The chronic value for trout of 5,600 ug/L was based upon growth.
The fathead minnow was exposed for 32 days in an early life-stage test. The
chronic value of 557 ug/L was also based upon growth.

One saltwater chronic value was found. A chronic value of 770.7 ug/L
for the mysid, Mysidopsis bahia, was based upon reproductive impairment.

-Effects due to aniline have been demonstrated with two freshwater planc
species. The green alga, Selenastrum capricornutum, had ECS0s ranging from
1,000 to 19,000 ug/L in 4-day exposures. Another green alga, Chlorella
vulgaris, was considerably more resistant to aniline, showing a growth
reduction of 58% by 306,000 ug/L in a l4-day exposure. No acceptable
saltwater plant data have been found. Final Plant Values, as defined in the
Guideliﬁes, could not be obtained for aniline.

No suitable data have been found for determininé the bioconcentras.cn ¢
aniline in freshwater or saltwater organisms.

Acute-chronic ratio data tﬁat are acceptable for deriving numerical ;
water quality criteria are available for three species of freshwater anxmail
and one species of saltwater animal. The acute-chronic ratios range frca .
2.504 to.5.357 with a geometric mean of 4.137.

The freshwater Final Acute Value for aniline is 56.97 Hg/L and the r:-..
Chronic Value is 13.77 ug/L. The Freshwater Final Chroﬁic Value is 1.4 2 .ses
greater than the lowest chronic value observad for one species of Cladocers
indicating that senéitive species of this group may not be adequaﬁely
protected if ambient water concentrations exceed this value. The saltwftor
Final Acute Value for aniline is 153.4 ug/L and the Final Chronic Value .
37.08 ug/L. Chronic adverse effects to the only saltwater species exposed '»>
aniline occurred at concentrations that are higher than the saltwater Fire:

Chronic Value which should be protective of saltwater organisms.

12
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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 for certain sensitive species of Cladocera,
freshwater organisms and their uses should not be affected unacceptably if the
four-day average cdncentration of aniline does not exceed 14 yg/L more than
once every three years on the average and if the one-hour average
concentration does not exceed 28 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 Aquétic Organigms and
Theif Uses" indicate that, except possibly where a locally important species
is very sensitive, saltwater organisms and their uses should not be affected
unacceptably if the four-day average concentration of aniline does not exceed
37 4g/L more than once every three years on the average and if the one~hour

average concentration does not exceed 77 wg/L more than once every three years

on the average.

Implementation
As digcussed in the Water Quality Standards Regulation (U.S. EPA 1983a)

and the Foreword to this document, a water quality criterion for aquatic life
has regulatofy impact only after it has been adopted in a state water quality
standard. Such a standard specifies a criterion for a pollutant that is
consistent with a particular designated use. With the concurrence of the U.S.
EPA, states designate one or more uses for each body of water or segment
therecf and adopt criteria that are consistent with the use(s) (U.S. EPA
1983b, 1987). Water quality criteria adopted in state water quality standards
could have the same numerical values as criteria developed under Section 304,
of the Cléan Water Act. However, in many situations states might want to
adjust w#ter quality criteria developed under Section 304 to reflect local

environmental conditions and human exposure patterns. Alternatively, states

13
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may use different data and assumption; than EPA in deriving numeric criteria
that are scienﬁifically defensible and protective of designated uses. State
water quality standards include both numeric and narrative criteria. A state
may adopt a numeric criterion within its water quality standards and apply it
either state-wide to all waters designated for the use the criterion is
designed to protect or to a specific site. A state may use an indicator
parameter or the national criterion, supplemented with otherArelevant
information, to interpret its narrative criteria within its water quality
standards when developing NPDES effluént limitations under 40 CFR
122.44(d)(1)(vi).2

Site-specific criteria may include not only site-specific criterion
concenﬁrations (U.S. EPA 1983b), but also site-specific, and possibly
pellutant-specific, durations of averaging periods and frequencies of allcwed
excursions (U.S. EPA 1991). The averaging periods of "one hour” and "four

!

-rapidly some aquatic species react to increases in the concentrations of some

days" were selected by the U.S. EPA on the basis of data concerning how

pollutants, and "three years"™ is the Agency’s best scientific judgment of the
average amount of time aquatic ecosystems should be provided between
excursions (Stephan et al. 1985; U.S. EPA 1991). However, various species and
ecosystems react and recover at greatly differing rates. Therefore, if
adequate justification is provided,'site-specific and/or pollutant-specific
concentrations, durations and frequencies may be higher or lower than those
given in national water quality criteria for aquatic life.

Use of criteria, which have been adopted in state water quality
standards, for developing water quality-based permit limits and for.designihg
waste treatment facilities requires selection of an appropriate wasteload
allocation model. Although dynamic models are preferred for the application
‘of these criteria (U.S. EPA 1991), limited data or other considerations might
. require the usé of a steady-state model (U.S. EPA 1986).

Guidance on mixing zones and the design of monitoring programs is

available (U.S. EPA 1987, 1991).

14
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Species

Planarian,
Dugesia tigrina

Annelid,
Lumbriculus variegatus

Snail (adult),
Aplexa not

Snail,
Helisoma trivolvig

Cladoceran (< 24-hr),

Cladoceran (< 24-hr),
Ceoriodaphnia dubia
Cladoceran (< 24-hr),
Cariodaphnia dubia

Cladoceran (< 24-hr),
Cariodaphnia dubia

Cladoceran (< 24-hr),
Ceriodaphpia dubia
Cladoceran { < 24-hr),
Cetiodaphnia dubia
Cladoceran {< 24-hr),
Daphnia magna
Cladoceran { <24-hr),
Daphnia magna

Cladoceran (juvenile),
Daphnia magna

Cladoceran (< 24-hi),
Daphiva magnae

Method*

s.\u
s
F.M
s.u
s.\u
S,u
s,u
s.u
s.u
s.M
S.M
s.M
s,u

S,uU

Tuble V. Acute Toxicity of Amhine 1o Aquatic Animals

LCSO
or ECS0
Chemical® _pH__ Awglt)
. FRESHWATER SPECIES
Reoagent Grade " 6.5-8.5 31,600
Reagent Grade 6.5-8.5 >100,000
. ’ 7.4 >219,000
Reagent Grade 6.5-8.5 100,000
99.5% 7‘.4~7.9 119
99.5% 7.4-7.7 193
99.5% 7.479 146
99.5% - . 7.4-7.7 184
99.5% 7580 146
99.5% 7.8 44
150
R . - 530
Reagent Grade 6.5-8.5 210

>99% 7.7-79 170

Species Mean
Acute Value
—eaft
- 31,600
> 100,000

>219,000

100,000

125.8

Reference

Ewell ot al. 1986
Ewell ot al. 1986
Holcombe et al. 1987
Ewoll ot al. 1986
Norberg-King 1987
Norberg-King 1987
Norberg-King 1987
Norberg-King 1987
Notb;rg-King 1987
Spehar 1987
Biesinger 1987
Biesinger 1987
Ewell ot al. 1986

Gersich and Mayes 1986
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Table 1. (continued)

Species

Cladoceran { < 24-hr),’

Daphnia magna
Isopod,

Asellus intermediug
Amphipod,
Gammatug {asciatug

Midge (larva),
Chironomus tentang

Midge (larva),
Clinotanypus pinguis

Midge (larva),
Einfeldia patchitocheas

Midge (larva),
Tanypus neopunctipennis

Midge (3rd-4th instar),
Yanytarsus dissimilis

Rainbow trout (juvenile),

Oncorhynchus mykiss

Rainbow trout,

. Oncorhynchus mykiss

Rainbow trout,
Oncorhynchus mykiss

Rainbow trout,

Oncorhynchus mykiss

Rainbow trout {juvenile),
Oncorhynchus mykiss

Rainbow trout,
Oncorhynchus mykiss

Mothod*®

F.M

S,u

s.u

S,U

SV

SV

s.u

F.M

F.M

S.M

S.M

F.M

F.M

F.M

Chemical®

Reagent Grade

Reagent Grade

Reagent Grade

Reagent Grade

Reagent Grade

Reagent Grade

.Analvlical Grade

Analytical Grade

99.5%

7.4

6.5-8.5

8.5-8.5

7.8

7.8

7.8

7.8

14

7.1-7.7

7.6-8.2

7.4

7.8

LCSO
or EC50

{ugfL)

250

> 100,000

> 100,000

399,900

477,900

427,900

272,100

>218,000

10,600

41,000

20,000

36,220

40,500

30,000

Species Mean
Acute Value

gt

250.0

>100,000

>100,000

399,900

477,900

\

427,900

272,100

>219,000

26,130

Reference

Houlcombe ot gi. 1987
Ewell ot al. 1986

Franco et al. 1986

Franco et al. 1984

Franco et al. 1984

Franco et al. 1984

Franco ot al. 1984
Holcombe et al. 1987
Abram and Sims 1982 A
Calamari et al. 1980, 1982
Calamari ot al. 1980, 1982
Hodson et al. 1984
Holcombe et al. 1987

Spuhar 1987
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Table 1. (continued)

LCS50 Species Mean

: or EC50 Acute Value
Species Mathod* Chemical® pH (wafl) vafl Relsrence
Fathead minnow (juvenile}, FM 99% 7.6 134,000 - Brooke et al. 1984
Pimephsles promelag
Fathead minnow (juvenile), s.uU Reagent Grade 6.5-8.9 32,000 - Ewell ot al. 1986
Pimephales promelas
Fathead minnow (juvenile), FM - 7.4 77.900 - Holcombe et al. 1987;
Eimephales promelas . Geiger ot al. 1990
Fathead minnow ljuvenile), F.M 99% 7.5 114,000 106,000 Geiger ot al. 1990
Pimephales promelas '
Goldfish (juvenile), F.M - ‘7.4 187,000 187,000 Holcombe et al. 1987
Carassius auratus
Bluegill (juveniie) F.M - 7.4 49,000 49,000 ' Holcombe el al. 1987
Lepormis acrociuius
White sucker (uvenila), F.M - 7.4 78,400 78,400 Holcombe et al. 1987
Catasiomus gommersoni
African clawed frog S.U - - 550,000° ) - Davis ot al. 1981
{embryo),
Xenopus laevis
African clawed frog s.uU ’ - - 940,000 - Davis ot al. 1981

(tailbud embryo),
Xenopus jaevis

African clawed frog (larva), S,u - - 150,000 150,000 Davis et al. 1981
Xenopus laevis
SALTWATER SPECIES

Eastern oyster (embryos), s.u 100% 7.9-8.0 > 30,000 > 30,000 Thursby and Berry 1987a
Crassostrea virginica

Mysid {juvenile), R,U 100% 7.4715 1,090 - Thuisby and Bonry 19874
Mysidopsis bahia
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Table 1. (continued)

Species Mathod"
Mysid (juvenile), ) FM
Amphipod (juvenile), R.U
Ampelisca sbdila

Grass shrimp (larva), AU
Palaemonetes pugio

Sea urchin (embryo-larva), Su
Atbacig punctulata

Sheepshead minnow RU
{juvenile), )

Cyprinodon variegatus
Inland silverside {juvenile), RU
Menidia beryllina

Winter flounder (larva), s,uU

Pseudopleuronecteg
americanus

100%

100%

7.5-7.6

7.6-7.6

7.9-8.0

7.6-7.7

7.8-8.2

8.0-8.2

7.9-8.1

LCS50
or EC50

Augit)

1,930

16,600

610

> 200,000

120,000

17.400

>330,000

Species Mean
Acute Value

alt
1,930
16,600
610
> 200,000

120,000

\

17.400

>330,000

Reterance

Thursby and Borry 1987b
Redmond and Scott 1987
Thursby and Berry 1987a
Thursby a.nd Berry 1987a

Thursby and Berry 1987a

. Thursby and Berry 1987a

Thursby and Bernry 1987a '

*S = Static;R = Renowai: F = Flow-through; M = Measured; U = Unmeasured.

* Purity of the test chemical.

¢ Results lrom losg sonsitive life stages are not used in the calculation of the Species Mean Acute Value.
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Species ifl]y
Cladoceran, Lc
Cotiodaphnia dubia -

_(;I.docoun, LCc

" Babhni |

Rainbow trout, ELs
Opcorhynchuy mykiss

Fathead minnow, ‘ ELS

Pimephales promelas

Mysid, Lc
Mypidopsis balug

Tuble 2. Chronic Toxicity of Aniline to Aquatic Animals

Chemical®

99.5%

99%

99.5%

99.5%

100%

1.
FRESHWATER SPECIES

7.8

7.8-8.1

7.8

7.93

SALTWATER SPECIES

7.4-7.6

Chronic Limits
egfL):
8.1-12.7
24.6-46.7
4,000-7,800

422-73%

540-1,100

Chronic Value
fugit)
10.14
33.89
§,600

557

770.7

Relereance

Spehar 1987

Gorsich and Milazzo 1988

Spehar 1987

Russom 1993

Thursby and Berry 1987b

* LC = hfe-cycle of partisl hte-cycle; ELS = early life-stage.
* Punty ol the test chemical. -
¢ Results aire based on measured concentrations of aniline.
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Table 2. {(continued)

Spacisy

Rainbow trout,

Oncorhynchus mykige

Cladoceran,
Daphnia magna
Cladoceran,
Ceriodaphnia dubia
Mysid,

Mysidopsia bahia

7.7-8.4

7.8

7.4-7.6

Acute-Chronic Ratio

Acute Value
fwalL)
30,000
170

44

ALTWATER SPECIES

1,930

Chronic Value
fwait)
5,600

33.9

10.1

770.7

Ratjo
5.387

5.015

4.356

2.504
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Table 3. Ranked Genus Mean Acute Values with Species Mean Acute-Chronic Ratios

Genus Msean
Acute Value

wa/t)

477.900

427,900

399,900

272,100

>219,000

>219,000

187,000

160,00

106,000

>100,000

> 100,000

> 100,000

100,000

18 400

Species
FRESHWATER SPECIES

Midge,

Clinotanypus pinguis
Midge,

Einfeldia natchitocheae
Midge,

Chiropnomug tentans
Midge,

Tanypus peopunctipennis
Midge,

Tanytarsus dissimillis
Snail,

Aplexa hypnorum

Goldfish,
Cayrassius auratus

Atrican clawed frog,
Xenopus lasvis

Fathead minnow,
Pimephales promelas

Annelid,

Lumbriculus variegatus
Amphipod,

Gammarus fasciatus

Isopod,
Asellus intermedius

Snail,
Haelisoma trivoluis

Wiute suchor,
Calusluonius commerson

L

Species Mean
Acute Value

wal )
477,900
427,900.
399,900
272,100
>219,000
> 219,000
187,000
150,000
106,000
> IOO,QOO
> 100,000
'>100,000
100,000

78,400

Species Mean
Acute-Chromc
Ratio*
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Table 3. (continued)

Genus Mean
Acute Value
{wait)
49,000
31,600
26,130

250

125.8

> 333,000

> 200,000
120,000
>30,000
17,400

16,600

Species

Bluegill, ]
Lepomis macrochirus

Planarian,

Dugesia tigrina
Rainbow trout,
Oncorhynchus mykiss

Cladoceran,
Daphnia magna

Cladoceran,
Ceriodaphania dubia

SALTWATER SPECIES

Winter flounder,
Pseudopleuronectes
americanus

Sea urchin,
Arbacia punctulata

Sheepshead minnow,
Cyptinodon vatiegauts

Eastern oyster,
Crassostrea virginica

Inland silversida,
Menidia beryllina
Amphipod,

Ampelisca abdita

Species Mean
Acute Vulue
want)®
49,000
31,600
26,130

250.0

125.8

>333,000

> 200,000
120,000
> 30,000

17,400

16,600

Species Mean
Acute-Chronic
Ratio®©

$.357

$.015

4.356
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Table 3. (continued)

Genus Mean

Species Mean
Acute Value

Acule Velue

Bapk* walt) Species ugit)®

2 1,930 Mysid, 1,930
Mysidopsis bahia :

1 ‘6\0 Grass shrimp, . 610
Palasmonstes pugio

Species Mean
Acute-Chronic
Ratio®

2.504

* Ranked trom most resistant to most sensitive based on Genus Mean Acute Value. -
* From Table 1. ’

* From Tabie 2.
Fresh water
Final Acute Value = 56.97 ug/L
Criterion Maximum Concentration = 56.97 ug/L / 2 = 28.49 ugil
Final Acute-Chronic Ratio = 4.137 (see text)

Final Chronic Value = {56.97 wgiL) / 4.137 = 13.77 polL

Salt water
Finel Acute Value = 153.4 ug/L
Criterion Maximut;\' Concentration = {(153.4 ug/L) / 2 = 76.7 pgiL
Final Acute-Chronic Ratio = 4.137 {gee text)

Final Chronic Value = {153.4 ug/l.) / 4.137 = 37.08 ug/tL
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Species

Green algae,

Selenagtrum
gapricorputum

Grean aigee,
Selena
capricorpuium
Green slgae,

Selonostrum
gopricomutum

Green algae,

Selenastium
capricorputum

Greon algae,
Selenastrum

capricornutum

Greon algae,
Selenastrum
capgicornutum
Greon slgae,
Selenastium
capricorputum

Groen algae,

Selonastrum

capricornuium

Green sigao,

Selenastium
capricornutum

Green algae,
Selenastrum sp.

Green alga,
Chiorella vulgaiis

Chemical*

Analytical Grade

Table 4. Toxicity of Aniline to Aquatic Plants

Duration

FRESHWATER SPECIES

4 days

7 dayse

7 deys

4 days

4 deys

S days

S days

6 days

6 days

4 days

14 days

EC50
{growth)

No effect
(cell number)

"No effect
{growth rate)

Incipient effect
{growth)

Incipient effect
{growth)

Incipient effect
{growth)

Incipient effect
{growth)

Incipient offect
{growth)

Incipient effect
{growth)

ECSO
{biomass)

16% reduction
in growth

Result
{wait)

19,000

<5,000

10,000

3,000

1,000*

3,000

5,000*

3,000

5,000*

20,000

.184,000

Relerence

Clamari ot al.
1980, 1982
Adams et al. 1986
Adams et al. 1986
Adame ot al. 1986
Adams ot al. 1986
Adams ot al. 1988
Adams et al. 1986
Adams ot ul. 1986 ‘
Adams et al. 1986
Stoot 1982

Ammann and Terny
1985



Table 4. {continuad)

: Result

Spociey Chemical® _pH Puration Effoct {waft) Reforence

Green alga, - 14 deys 8% reduction 306,000 Ammann and Terry
Chiorella vulgatis in growth 1988

Green alga, - - 14 days 66% reduction 613,200 Ammann and Terry
Chiorella vulgaris in growth ' 1985

Green alge, . - - 14 days 75% reduction 817,000 Ammann and Terry
Chiorelig vulgaris in growth 1985

SALTWATER SPECIES

No acceptable toxicity data for saltwater plants

S¢

* Purity of the test chemical.
* Acetone carrier used.
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Species

Bacterium,

Pseudomonas putida

Bacterium,
Spirillum volutans
Blue-green eliga,
Microcystis
aeruginosa

Blue-green alga,

Microcystis
asruginosa

Groen algae,

. Scenedesmusg

quadiicauda

Greon algae,

Scenedesmug
quadticeuda

Green aiga,
Scenadesmus

quadiicaudg

Green aigae,
Selenastrum

capycornutum

Protozoan,

Chilomonas
paramaecium

Protozoan,

Entosiphon
sulcatum

Reagent Grade

7.0

6.8

7.5

6.9

Duration

FRESHWATER SPECIES

16 hr

1 hr

24 s

8 days

4 daya'

8 days

24-25 hr

4 hr

48 hr

72 he

Table 5. Other Data on the Eftects of Aniline on Aquatic Organisms

Incipient inhibition

Inhibition of
motility

50% monality
Incipient inhibition
incipient inhibition
Incipisnt inhibition

BCF = 9
66% ‘nduclion in
photosynthesis

Incipient inhibition

Incipient inhibition

Concentration

{pgit)

130,000

30,000

20,000

160

10,000

8,300

100,000

250,000

24,000

Relorence

Bringmann 1973;
Bringmann and
Kuhn 1976,
1977b, 1980b

Bowdre and Krieg
1974

Fitzgerald ot al.
1962

Bringmann and
Kuhn 1976,
1978s8.b

Bringmann and
Kuhn 1959a,L

Bringmann and
Kuhn 19770,
1978a,b, 1980bL

Hardy et al. 1985
Giddings 1979

Bringmann et al.
1980; Bringimann
and Kuhn 19813

Biingmann 1978;
Bringmann and
Kuhn 1980b, 1981
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Table 5. (continued)

Species

Protozoan,
Microregma
heterostoma

Protozoan,
8 ena

itormi
Protozoan, .
Uronema parduczi

Hydrozoan,
Hydra oligactis

Planarian,

Pugesia lugubiis

Tubificid worm,

Tubificidae

Snad,

Lymnaea stagnalig
Cladoceran,
Cetiodaphnia dubia
Cladoceran,
Daphnia magna
Cladoceren,
Daphnia magna
Cledoceran,
Daphnia magna
Cladoceran,

Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,

Daphnia magna

>98%

>98%

>98%

>98%

99.5%

Pure Analytical
Grade

7.5-7.8

6.3

6.9

7.8

7.5

7.6-7.7

7.4

Duration

28

72 hr

20 hr

48 hr

48 hr

48 hr

48 he

48 he

48 he

24 hr

24 hr

24

10 hr

12 he

Effect

Incipient inhibition

ECS0
{growth)

Incipient inhibition
LCSO
LCSO
LC50
LCS0
ECS0 (ted)

EC50
{acoustic reaction)

ECSO
(immobility)
ECS0
BCF = 5.0

LTS0

LTSO

Concentration

{ugit)

20,000

154,270

91,000

406,000

155,000

450,000

800,000

132

400

500

23,000

10,000

8,000

Reference

Bringmann and
Kuhn 1959a

Schuitz and Alhison
1979

Bringmann and

Kuhn 1980a, 1981

Slooft 1983

Sloott 1983

Sloolf 1983

Slooff 1982, 1983

Spehar 1987

Bringmann and
Kuhn 1959a.b
1960

Bringmann end
Kuhn 1977a

Clamaii et al.
1980, 1982

Dauble et al.
1984, 1986

Lakhnova 1975

Lokhnova 1975



BZ

Table 5. {continued)

sSpecios
Ciladoceran,
Daphnia magng
Cladoceran,
Paphpia magna
Cledoceran,
Daphnia magna
Cledoceran, '
Daphnia magna
Cladoceren,

Paphnia magna

Cladoceren,

Daphpia magna

Cladoceran (adult),

Moipa maciocopa
Midge,

Chironomus dorsalis

Midge,
Chitopomug dorgalia
Midge,
Chironomus dorsalis

Maylly (iarva),
Cloeoq diptejum

Mosquito {3rd
instar),

Aedeas aegypti

Rainbow trout
(juvenile),
Oncorhynchus
mykiss

99%

99%

Analytical Grade

>98%

>98%

7.4

Duration

1.0 day

1.5 days

2.0 deays

3.5 days

14 days

14 days

3 he

20-21 days

20-21 days

20-21 days

48 hr

48 hr

7 days

Eftect

LTS0

LTS0

LTS0

LTSO

MATC

MATC

LCS0

95% Mortality

30% Mortality

0% Mortality

LC50

LCs0

LCSO

Concentiation

Auult)
6.000
4,000
2,000
1.000

29.9
14.9
1,000,000
7,800

7,000
3,000

220,000

155,000

8,200

Reference

Lakhnove 1975

Lakhnova 1975

Lakhnova 1975

Lakhnova 1975

Gersich and
Mitazzo 1990

Gersich and
Milazzo 1990

Yoshioka et al.
1986bL

Puzikova and
Moarkin 1975

Puzikove and
Markin 1975

Puzikova and
Markin 1975

Slooff 1983

Sloolf 1982

Abram and Sims
1982
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Table 5. (continued)

Species

Reinbow trout’
{juvenile),
Oncorhynchus
mykisg
Rainbow trout
{juvenile),
Oncothynchu
mykiss
Rainbow trout
(2 yr),
Oncorhynchus
mykiss
Rainbow trout
(2 vy,
Oncorhynchuy
mykisg
Rainbow trout,

Oncoghynchus
Mmykiss

Rainbow trout,
Opco chus

mykiss

Guppy,

Eo_ocg']ig [oticulata
Fathead minnow
13-4 wk),

Pimephales
promelas

Channel catlish
{embryo, larva),
lctalurus punctatus

Chennal cothish
tondiiyu lartvel
btguery puin ity

Chemical®

99%

>98%

pH Duration
7.4 7 days
7.4 72 he
. T 24
24 hr
7.0.8.0 48
7.0-8.0 48 s
.- 14 days
- . 48 he
7.7 To hatch
{4.5 days)
I ] 8 S days
{4 days poust-
hatch)

BCF =507

No mortality

LCi100

No impeirment of

flavor

100% mortality

LCSo

LCSO

LCS50

LCSO -

Concentration
Avgfl),
8,200

10,000-20,000

21,000

10,000

100,000

125,629

65,000

5,600
(5,500

5,000
{5.000§°

Relatence

Abram and Sims
1982

Dauble ot al. 1984

Lysak and
Marcinek 1972

Lysak and
Mauscinek 1972

Shumway and
Palensky 1973

Shumwasy and
Palensky 1973

Hermens ot al. .
1984

Slooff 1982

Birge ot al. 1979b

Birge ot al. 19790
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Table 5. {continued)

Specieg

Channel catfish
{embryo, larva),

jctalurug punctalug

Channel catfish
{embrya, larva),
lctalurug punctatug

Goldfish
(smbryo, larva),
Caragsiyg puratus
Goldfish (embryo,
tarva),

Carassiug puratus

Goldfish
{smbryo, larve),

Carapniug puipiug

Goldhsh
{embiyo, larval,
Carasgiug pujaiug

Goldfish
{embryo, farva),

Carassiys auratus

Goldfish
{embryo, larva),
Carasgiusg puratus

Largemouth bass
{embryo, larval,
Micropterus
salmoides

Largemouth bass
{embryo, laiva),
Micioptarus
salmoides

7.7
7.7
7.7
.7.7
7.7
7.7
7.7

7.7

7.7

Dutation

To hatch
(4.5 days)

8.5 days
{4 days post-
hatch)

To hatch
(3.5 days)

7.5 days
{4 days post-
hatch)

11.5 days

{4 days post-

hatch)

To hatch
(3.5 days)

7.5 days
{4 days post-
hatch)

11.5 days
(8 days post-
hatch)

To hatch
{2.5-3.5 days)

6.5-7.5 days
{4 days post-
hatch)

Etfact
LCSO

LCS0

LCcSo

LC50

LCS0

LCS0

LCSO

LCSo

LCSO

LCS0

Concentiation
fgiL)
7.400

(6,300)*

7.000
(6.200)°

10,200
(9,300)*

5,600
5,500)*

5,500
A}

10,000
(7.600)"

4,800
(4,600)

4,700

47,300
(32,700)*

10,500
(7,100

Reference

Birge ot al.

Birge ot sl.

Birge ot al.

Birge et al.

Birge et al.

Birge ot al.

Birge ot al.

Birgo ot al.

Birge ot al.

Birge et al.

1979b

19790

197%

1979b

1979

18790

1979

1979b -

1973%b

1979
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Table 5. (continued)

Species
Largemouth bass

(embryo, larval,
Micropterug

salmoides

Largemouth bass
{embryo, larva),
Micropterus

~ salmoides

- Largemouth bass

{embryo, larva),
Micropterug
salmoides

Largemouth bass
{embryo, larva),

Microptetus
galmoides

Africen clawed frog
{embryo),

Xenopus |aevig
Alrican clawed frog
{embryo),

Xanopug lasvis

Atrican clawed frog
(larva),

Xenopus laevia
African clawed frog
(tedpole),
Xenopus laevis

Atsican clawed frog
{embryo),
Xenopus lasvis

Atnicen clawed liog
(3 4 we),

Aanviryy teevs

Chemical*

M

7.7

7.7

7.7

7.7

Duration

10.5-11.5 days
(8 days post-
hatch)

To hatch

{2.5-3.5 days)

6.5-7.5 days
(4 day post-hatch)

10.5-11.5 days

(8 days post-

hatch)

96 hr

120 e

96 hr

12 days

12 weeks

LCS0

LC50

LC50

LCSO

£CS0
{teratogeny)

ECS0
{teratogoeny)

6% abnormalities

100% mortality

Slowed
metamorphosis,
reduced growth

560,000

Concentration

dvalt)
5,200

43,200
(29,900)*

8,400
(7,100)*

4,400

370,000
91,000
10,000 -
90,000

1,000

Reference

Birge et al. 19790

Birge et al. 1979

Birge ot al. 1979b

Birge et al. 19790

Davis ot al. 1981

Davis et al. 1981

Dumont et al.
1979;
Dawvis et al. 1981

Dumpert 1987

Dumpert 1987

Sloott 1982;
Stoott and
Buaerselman 1980
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Table 5. (continued)

Species Chemical*

Sea anemone, -

Bunodosoma

caveinata

Sand shrimp -
(adult),

Crangon

septemspinosa

Duration Effect

SALTWATER SPECIES

7 days Significant
increase in

concentration of

free aspartate,

glutemate, alanine

96 hr Lothal threshold

Concentration

{pglL)

500,000

29,400

Relerence

Kasschuu et al.
1980

MclLeese et ai.
1979

¢ Purity of the test chemical.
® Data in parenthesis are from Birge ot al

. 1978a.
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