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Section 304(a) (1) of the Clean Water Act of 1977 (P.L. 95-21 7) requ~res 
the Adminiatrator of the Environmental Protection Agency to publish water 
quality criteri~ that accurately reflect the lateat acientific knowledge on 
the kind and extent of all identifiable effect• on health and welfare t hat 
might be expected from the presence ot pollutant• in any body of water , 
including ground water. Thi• document i• a reviaion of proposed criteri a 
based upon con•ideration of colll'ftents received from other federal aqenc~es , 
state agencies , apecial interest groupa, and individual acientists. cr~terla 
contained in thi• document replace any previoualy published EPA aquatic ~i fe 
criteria for the •am• pollutant(& ) . 

The term •water quality criteria" is uaed in two sections of t he c :ean 
Water Act, ••ction 304(a)(l) and section 303(c)(2). The term has a di !!eren~ 
program impact in each section. In section 304, the term represents a non­
ragulatory, 1cientitic aa1essment of ecological effects. Criteria prese r. ~ed 
in thi• document are auch scientific aase1sments. If water quality crl~er ~ a 
associated with apecific atream uses are adopted by a state as water qua l l~ / 
standard• under •action 303, they represent maximum acceptable pollutant 
concentration• in ambient waters within that state that are enforced thr=~~ ~ 
issuance of diacharg• limitation• in NPDES permit•. Water quality crlter~a 
adopted in state water quality standard• could have the same numerical ·1 a :~e s 
as cr i teria developed under section 304. However, in many situations states 
might want to modify water quality criteria developed under section J0 4 :~ 
reflect local environmental condition• and human exposure pattern9 . l 
Alternatively, atat•• may u•e different data a.nd aaaumptiona than EPA l n 
deriving numeric criteria that are •cientifically defenaible and protec:l~• o f 
deaignated u•••· It i• not until their adopt i on ae part of state water 
quality atandard• that criteria become regulatory. Guideline• to ass~sc :~e 
stat•• and Indian tribes in modify i ng th• criteria pr•••nted in this doc~~~~: 
are contained in the Water Quality Standard• Handbook (December l98J ) . 7 ~ . 9 
handbook and additional quidance on the developnent of water quality s:1 - :1 :~ s 
and other water-related program• of this Agency have been developed by :-e 
Office of Water. 

Thi• document, it finalized, would be quidance only. It would ~c~ 
establi•h or affect leqal rights or obligations. It would not establ~sA • 
binding norm and would not be finally determinative of the issues addr•••• : 
Agency deciaion1 in any particular situation will be made by applyin~ :-e 
Clean Water Act and EPA regulations on the ba•i• of •pacific facts pr••• · •: 
and scientific information then available. 

Tudor T. Davi•• 
Dlrector 
Office of Science and Technology 
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Aniline (a.minoben%ene, ben%en&mine, phenylamine) i• the simplest of tha 

aromatic amines (CJf,NH:)· It occurs naturally i n coal-tars (She l ford 1917) 

and is manutactared by the cata l ytic reduction of nitroben%ene, aminat Lon o f 

chlorobenzene and &im1onolyais of phenol. 

The ma j or user• of aniline are the po~ymer, rubber , agricultural a nd ~ye 

induetri••· Demand for aniline by the dye induetry was high prior t o the 

1970' 9 but decreased markedly in the United States thereafter because o f the 

increased use of synthetic fabrics. Aniline is uaed today primarily by ~ he 

polymer indu•try to manufacture products such ae polyurethanes. The r ubber 

industry uses large amounts of aniline to manufacture antioxidants, 

antidegradants and vulcani%ation accelerators . The pharmaceutical i ndus:=: 

uses aniline in the manufacture of sulfa drug• and other products. I mpo r :ant 

agricultural uses tor aniline derivative• include herbicides, fungic i des . 

insecticide•, repellent• and defoliants. Aniline has also been used as a n 
l 

ant i knock compound in gasoline• ( ~irk-Othmer 1982). 

Aniline i• eolubl• in water up to 34,000,000 µq/L (Verechueren 19 ;- . 

The log10 of the octanol-water partition coefficient tor aniline is 0.9C c~ . ~ ~ 

l98Sa). Through direct diaposal, •uch as industrial discharges and nc n -;x:. ~ : 

source• aseociated with agricultural uses, it enters the aquatic envlr:~"lle ~ : . 

It i• removed from the aquatic environment by several mechanisms. T~• ·• . r 

pathway of removal from water i• by microbial decompoaition (Lyons a: • . 

1984, 1985). Several minor pathways have been identified including 

evaporation, binding to bumic eub et&nce• &nd &utoxidation. 

Addition• to the aniline cnolecul• of certain functional group• ·• • ...,.-

found to incr•••• toxicity (Brooke et 1l. 1984; Geiger et al. 1986, :~~ · 

Te•t• with the fathead minnow ( Pim1ph1l11 promela1) have demonstrated ·· · ~ 

aubatitutiona with halogen•, (chlor1ne , tluorLne, and bromine) incr••• .. , 

toxicity. The addition of alkyl group• 1l•o increased toxicity; the~ - · · · . ~ , 

increa••• in proportion to th• incr•••• 1n chain lenQth. Twenty-four 

substitution• were tested and all exc1pt ~ &ddition• ot methyl and 

l 

.. . .,,. .... . . . . 
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groups increased the toxicity to the fathead minnow . 

Al l concentrations reported herein are expressed as aniline. Resul :s o: 

such intermediate calculat ions as recalculated ~CSO's and Species Mean Ac~te 

Values are q iven to four significant figures to prevent round-off er=o r i~ 

subsequent calculat ions, not to reflect the precision of the value. Whenever 

adequately jus tified, a national criter ion ma y be replaced by a s ite - spec~=~~ 

criterion (U.S. EPA 1983a) that may include not only site-specific 

concentrations (U. S . EPA 1983b) but also site-specific frequencies o : a: :=~ed 

excursion (U . S. EPA 1985) . 

A comprehens ion of the "Guide lines for Deriving Numerical Nat~=~a: ~a:er 

Quality Cr iteria tor the Protection of Aquatic Organisms and Their ~ses .. 

(Stephan et al . 1985), hereinafter referred to as the Guidelines, and :~e 

response to public comme nt (U.S. EPA 1985 ) , i s necessary to understa~= :~e 

following text, tablas , and calculations . The latest comprehensive :~:e=a:~=e 

search tor information for this docume nt was conducted in September 

more recent information i • inc luded. 

Acute toxicity to Agyatic Animals 

The data that are available acco r ding to t he Guidelines conce=-. ; :· e 

acute toxicity o f aniline are preaanted in Table 1. Cladocara were : · • -~ • : 

sensit i ve group of the 19 spec ies tested. Several species of la r va. - . :;•• 

and embryos and larvae of the clawed toad, Xenopus l aevis, were t~• · · • · 

res i stant to aniline in acute exposure•. F i s h tended to be in the • • . • 

of aensitivity for aquatic o r g a nisms. 

Forty-eight-hour ECSO• for cha cladoceran• Ctriodaphnia ~ • 

Oaphnia magna were 44 µq/L a nd 530 µg/ L, respectively . Several ir.: e . • • 

exposure• conducted with both species showed consistency among th• · •• · • 

(Tab l e 1) . However, there appears to be a l arge increa•e i n tolera~ : • 

aniline between cladocerana and other aquatic species. The 96-hr ~ :· · · • 

next most sensitive •pecies, a planarlan, Ougesia tigrina, was 31,~ . . .• 

Ninety-s i x-hour LCSOs for fish r a nged from 10,600 to 187,00C - . • 

2 



JF.A?":' 
9 / 22 : 9) 

rainbow trout (Oncorhyncus myki ss) was the most sensitive species o f fi s h 

tested, with 96-hr LCSOs ranging from 10,6.00 to 41,000 µg / L. The b luegil l 

(Lepomis macrochirus) was slightl y more tolerant of anil i ne with a 96-hr tcso 

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

auratu s, were the most tolerant of aniline of t he fish species tested. 

Ninety-six-hour LCSOs for tests with fathead minnows ranged from 32, 000 t o 

134 , 000 µg / L. A 96-hr LCSO for the goldfish was 187,000 µg/L. 

Franco et al. (1984 ) exposed four species of midge larvae to aniline a nd 

found them to be the most tolerant of aniline of all species tested . The 

midge, Clinotanypus pingu is, was the most tol erant of the four spec ies tes ted; 

a 48-hr LCSO of 477,900 µg / L was c alculated for th i s species. LCS Os for ot~er 

midge specie• tested by Franco at al. (1984), ranged downward to 272, 100 µg / t. 

Ho l combe et al. (1987 ) tested another species of midge (Tanytarsus diss i~ilis ) 

a nd reported a 48-hr LCSO >219,000 µg / L. 

The African clawed frog, Xenopus laevis, waa relatively tolerant of l 
aniline . In a seriea of three testa , Davis et al. (198_1 ) found t hat embryos 

of African clawed frog• ware more tolerant than the l a rvae. The 96-hr LC SOs 

for embryos and tailbud embryos were SS0,000 and 940, 000 µq / L , respec:: :.·.1e :·1. 

compared to 150,000 µg/L for the larvae . 

Genua Mean Acute Value• {GMAVa) are ranked from mo•t aenaitiv e t ~ ~o •~ 

res i stant for the nineteen freshwater genera tested (Table 3) . The fr•• ~w&t• ~ 

Final Acute Value {FAV) of 56.97 µ g / L was cal culated using the GMAVs : = ~ :~• 

four most eenaitiv• genera, Ceriodaphnia , paphnia, pugesia, and Oncor~,~:- 1 1 

which differ from one another within a factor of 251. The Final Acu te : a .• • 

is 2.2 time• le•• than the acu te value for the moat senaitive freshwa t er 

species. 

Th• acute toxicity of aniline to reaident North American aaltwatec 

animal s ha• b .. n determined with five spec i e• of invertebrates and the•• 

specie• of tiah (Thursby and Berry 1987&, 1987b ; Redmond and Scott 198' , 

Table l). Gra•• shrimp, te•ted aa larvae, waa the moat aen•itive spec.ea 

based on an acute value of 610 µ g / L. cr~ataceans comprised the three ~c •: 

) 
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sensitive species t ested ; acute values ranged from 610 to 16,600 µg / L. Ac~te 

values for three fishes, a mollusc and an echinoderm r anged from 17,400 to 

>333,000 µg/L. Mortalities in acute tests with mysids, grass shrimp , 

sheepshead minnows and inland silversides increased during 96-hr tests. CHAVs 

are ranked from the mo•t sensitive to the most resistant (Table 3) for the 

eight saltwater genera t asted. The Final Acute Value for saltwater species LS 

153.4 µg / L which is four times less than the acute value for the most 

sensitive saltwater species tested. 

Chronic Toxicity to Aquatic Animals 

The data that are available according to the Guidelines concerning t ~e 

chronic toxicity of aniline are presented in Table 2. Four chronic tox LCL t / 

tests exposing freshwater organisms to aniline have been reported. The 

cladoceran, Ceriodaphnia ~' wa s exposed to initial concentrations rang ~ng 

from 1.07 to 26.S µg/L for seven days with daily renewed exposures (Spe r.a r l 
1987). Survival was not significantly affected at any exposure concent=ation; 

however, effects on young production were observed at 12.7 µg/L, but ne t at 

8.1 µg/L. The chronic value, based upon reproductive impairment, is 

µg/L. This number may be under-protective since it is based upon i n ~~- 3 . 

measured concentration• of aniline and did not take into considerac~c r. :~ a: 

the study showed nearly 100\ loss of aniline from solution in 24 hr . ~ 

companion acute t ••t wae conduc~ed ~1th the chronic study and resu l te: . - i 

48-hr ECSO of 44 µq/L . Divi sLo n of th1s value by the chronic value ; • -• ~ 1 : es 

an acute-chronic ratio of 4 . 35 6 !:r Cer1odaphnia ~-

Oaphnia mASmA were expose~ : = an~ llne for 21 day• in a renewa : ~··· 

(Gersich and Milazzo 1988). Me4 r. ==~=entrations for the exposures r1 ~ :• : 

12.7 to 168.6 µq/L for the fi v e ==r.=er.trations tested. Mean total 

young/aurvivinq adult and mean br=cd s11e / surviving adult were not 

significantly different from th• ==r. ::=t o r ganism• at 24.6 µg/L but - • : • 

significantly different at 46.7 ~g / t . 9a sed upon th••• two reproduct.; ~ 

. .. . -

endpoints, the chronic value is 3J .1 .; . ~ - The companion acute value ~ = · -: 
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ECS O) used to compute an acute-chronic ratio was 170 µg/L (Gersich and Mayes , 

1986 ). Divis i on ot this value by the chronic value ot 33 . 9 µg / L results in an 

acute-chronic rat io ot 5.015. 

A 90-day early life-stage test wa• conducted with rainbow trout (Spehar 

1987 ). The test was started with newly fertilized embryos. After 56 days 

(swim- up stage ) , wet weight was significant ly reduced at concentrations of 

4 ,000 µg/L and above. After 90 days ot exposure, an effect was not seen at 

4 ,000 µg/L but weight was reduced at 7,800 µg/ L. Survival was reduced at only 

the highest exposure concentrat ion (15,900 µg/L) . The chronic value for 

rainbow trout i s 5,600 µg/L, based upon growth. Spehar (1987) also cond~c~ed 

a 96-hr acute test which resulted i n an acute value of 30,000 µg / L. Oiv~sion 

ot the acute value by the chronic value generates an acute-chronic ratlo ~! 

5 . 357 . 

Th• fathead minnow wa• exposed to aniline concentrations that ranged 
\ 

from 316 to 2,110 µg/L in 32-day exposure• (Russom 1993). Percentage ~c r~a l 

fry at hatch and survival at the end of the teat did not differ s ignl! ~=3n t . y 

from the control fish at any aniline concentrationa. Growth (weight a ~~ 

length) was significantly (p<0.05) reduced at aniline concentrations c~ 

µg / L and greater, but not at 422 µg/L. Wet weight waa reduced by lJ.j \ . --.. . J 

total length by 6 . 4\ compared to control fish wet weight and total l er.;~~ •~ 

735 µg/L. The chronic value for this teat, baaed upon growth, is SS~ -• ~ 

The companion acute teat resulted in a 96-hr LCSO of 112,000 µg/L (C• .;• r • · 

al . 1990). Division of this value by th• chronic value results in a n • .· • · 

chronic ratio of 201.1. 

The only chronic toxicity teat with aniline and aaltwater spec.•• -•• 

conducted vith the myaid, Mv1idopaia ~ (Thuraby and Berry 1987b ) . 

Ninety-five percent of the myaid• expoaed durinq a life-cycle teat to; , .. 

µg/ L died and no young were produced by th• survivor1. Reproduction ~ t • , 1 .; 1 

in 1, 100 µ9/L waa reduced 94 percent relAt i ve to control•. No •ign lt.: • -~ 

effect• were detected on •urvival , gr~h . or reproduction in mysid• ••:x••; 
to S540 µq/L tor 28 day•. Th• chronic va lue for thia apec i e• ia 770 . · _ ; -

s 
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based upon reproductive impairment. A comparison acute test was conducted 

with the chronic test which resulted in an ~cute value of 1,930 µq/L. 

Division of this value by the chronic value results in an acute-chronic rat i o 

of 2.504. 

The Final Acute-Chronic Ratio of 4.137 is the geometric mean of the 

acute-chronic ratios of 4.356 for the freshwater cladoceran, Ceriodaoh n 1a 

dubia, 5 . 015 for the freshwater cladoceran, Oaphnia magna, S.357 for the 

rainbow trout, Oncorhynchus mykiss, and 2.504 for the saltwater mysid , 

Mysidopsis bahia (Table 2). The acute-chronic ratio of 201 . 1 for the fat~ead 

minnow was not used in this calculation because, as described in the 

Guidelines, this species is not acutely sensitive to aniline and its spec~es 

Mean Acute Value is not close to the Final Acute Value (Table 3). Oivis ~cn o: 
the freshwater Final Acute Value of 56 .97 µq / L by 4.137 results in a 

freshwater Final Chronic Value of 13.77 µg/L. Diviaion of the saltwater : ~n, l 

Acute Value of 153.4 µg/L by 4.137 results in a saltwater Final Chron1c ·1alue 

of 37.08 µg/L. The freshwater Final Chronic Value is approximately 1.4 : ~~es 

greater than the loweat freahwater chronic value of 10.1 µg/L for Cer~c~ a = ~ ~~ a 

dubia. The saltwater Final Chronic Value is a factor of 21 times less : ::a :-. 

the only saltwater chronic value of 770.7 µg/L . 

Toxicitv to Aquatic Plants 

Results of tests with two species of freshwater green alga expc1•: · : 

aniline are shown in Table 4. Sensitivity to aniline differed betweer. ~ ·• ·-

species. Four-day exposures with aniline and Selenastrum capricornu~.- •· -• ! 
that the ECSO• ran9ed from 1,000 µq / L (Adama et al. 1986) to 19,000 ~q ~ 

(Calamari et al. 1980, 1982) with reduced growth a• the effect. Sloe~~ 

determined an ECSO of 20,000 µq/L tor an unidentified species of Sele~11:; .­

with reduced bioma•• as the effect. The studies by Adam• at al. (1986 -•:• 

conducted both with and without a carrier solvent (acetone). The loweet •~--: 

ECSOs ware obtained from exposures ua1ng acetone. However, this relat . ~n1·.~ 

was reversed when the exposure durat~on was increased to five and six ja : • 
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(Table 4). The green alga, Chlorell4 vulgaris, is considera.bly more to l erant 

to aniline than Stltnattrum. In l4-day expoeur••, growth of ~· vulgar i 9 wag 

reduced 58\ by 306,000 µq / L and 16\ by 184,000 µq / L (Ammann and Terry 1985 ) . 

The study al•o demonstrated that aniline had significant effects upon 

re1piration and photoeynthe1is of the 1p1cie1. There are no acceptab l e plant 

data for 1a l twater 1pecie1 for aniline. A Final Plant Value , as def i ned in 

the Guidelines, cannot be obtained for aniline. 

Bioaccumulation 

Studies to determine the bioconcantration of aniline with three gpec ~es 

ot orqani•m• have bean reported (Ta.bl• S). In all th11e studies, steady-state 

bioconcentration• were not demonstrated. Oaphnia ~ bioconcentrated 

aniline five time• in a 24-hr expoaure (Cauble at al. 1984, 1986), a green 

alga 91 time• in a 24- to 25-hr expo•ure (Hardy et al . 1985) and rainbow trc~t 

l 507 time• in a 72-hr expoaure (Oaublt et al. 1984). Becauae ta1t1 were not c ! 

aufficient duration according to the Guidelines, and no U.S. FDA act4on l eve l 

or other maxi.mum acceptable concentration in ti••u• i• available tor •n4: ~ ~• . 

no Final Re1idue Value can be calculated. 

Other pat& 

Other data availa.bl• concerning an4 lin• toxicity are preaented .~ ~·=·• 

s. Effect• on two •ptcie• of bacteria were seen at aniline concentra~. : -• 

ranging from 30,000 to 130,000 ug/L. 

Three genera of algae were exposed to aniline. One apecie• ot o •• .,. ~ ••­

alqae, Microcy1ti1 ••ruainoaa, (lc4nqmann and ~uhn 1976, 1978a,b), an~ -=r• 
aensitivity to aniline than other 1pec4e1. Inhibition of cell repl4;at. ; • · • 

thi• 1pec:i•• va• ob1erved after an 8-day expoaurt to 160 µq/L. Fitz9era . J •~ 

al. (1952) reported a 24-hr LCSO of 20,000 ~g/L with the •am• •peci•e . ,,, 
reduction of photo•ynth••i• by the qr,.n al9ae, Sel1011trum capricornw;.4 · ·•• 

reported by Giddinq• (1979) after a 4-f\r expo1ure to 100,000 µg/L of an ••• -• 

sevtral 1peci•• of protozoan• --.re expoetd to aniline. A 28-hr •n •.. - • 
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exposure with Microregma heterostoma showed that food ingestion ~as reduced at 

20,000 µg/L (Brinqmann and Kuhn 1959a). Other apeciae of protozoa were tested 

and showed l•s• sensitivity to aniline (Table 5). 

The hydrazoan, ~ oligactis, showed sensitivity to aniline in a 48-hr 

test. Th• LCSO for thi• apecies of 406 µg/L waa determined by Slooff (1983 ) 

in a static, unmeasured te•t using river water. Other organisms such as 

planariana (Ougesia luqubris), tubiticid worms (Tubiticidae), and sna~ l s 

(Lymnea stagnalis) were also tested and had much higher 48-hr LC50s o f 

155,000, 450,000 and 800,000 µg/L, respectively. 

Cladocara appeared to be the group most sensitive to aniline. Spe har 

(1987) reported a 48-hr LCSO of 132 µg/ L for Ceriodaphnia dubia in an ex~csu re 

in which the organism• were fed their culturing ration. In the same st•.Jdy , a 

LC50 of 44 µg/L was determined for unfed ceriodaphnia ~. The differe~ce 

in results could have been due to the complexation of aniline by t he Eood 

and/ or increased hardines• of the fed organisms. Oaphnia ~ was af fec~eJ 
(acoustic reaction and mortality) at aniline concentrations ranging frc~ ~CO 

to 2,000 µg/L (Brinqmann and Kuhn 1959a,b, 1960; Lakhnova 1975) for 48- ~r 

exposure•. Calamari et al. (1980, 1962) found thi• species to be mo re 

resistant to aniline with a reported 24-hr ECSO of 23,000 µg/L. 

In•ect• showed varying sensitivities to aniline. Puzikova and ~a=~- ~ 

(1975) expoaed the midqe, Chironomus dorsalis, to aniline through i ts ::~r-e:e 

life cycle and reported 100\ aurvival at 3,000 µq/L and S\ surviva l a: 

µq/ L. Slooff (1983) expoaed mayfly and mosquito larvae to aniline !:r ~~ 

and reported LCSO• of 220,000 and 155,000 µg/L, respectively. 

The toxicity value• for ra~nbow trout in T&Dle 5 are in genera. 

agreement with tho•• used in Table l. Rainbow trout were exposed:~ a · . .. · • 

by several worker• usinq different exposure duration•. Shumway and ?a . • - . .... ,. 

(1973) found 100\ mortality of runbow trout at 100,000 µq/L in a 48--.:­

exposure and 100\ •urvival at 10,000 uq/L . ~ysak and Marcinek (197, , •·•= 
reported 100\ mortality tor .. 24-hr expoeur• at 21, 000 µq/L and ob••r ·1 e.J ~.:> 

mortality at 20,000 µg/L. Abram and Si.Ju ( 1982) determined the 7-da·:· :. :~: :.: 
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be 8,200 µg / L in two separate tests using rainbow trout. 

Several tests were run with aniline i~ dilution waters of different 

water quality. Water hardness appeared to have little, if any, impact o n 

aniline toxicity (Birge et a l. 1979a,b ) . Young channel catfish, I cta lu r us 

punctatus, were exposed to aniline in waters with a four- fold difference in 

hardness ( 53.3 and 197.5 mg/Las caco,). The resulting LCSOs i ndicated only a 

slight decrease in toxicity with increasing hardness. In a similar test they 

also exposed goldfish and largemouth bass, Micropterus salmoides, and repor:ed 

the opposite effect on toxicity . pH does not appear to affect toxicity o f 

aniline with aquatic organisms (Table 5) . 

The African clawed frog demonstrated varied effects over a broad rar. ge 

of concentrations of aniline. Davis et al. (1981 ) and Dumpert ( 1987 ) ob se:~ad 

that aniline concentrations of 50 and 70 µg / L resulted in reduced epider~a ~ 

pigmentation or failure of larvae to develop normal pigmentation. In a 

12-week exposure, Dumpert (1987) showed that 1,000 µg/L of aniline s lewed ' metamorphosis and reduced growth. At an exposure concentration of 10, ~CO Jq / : 

for 96-hr, 6\ of the frog larvae developed abnormalitiea (Dumont et a L. : ~ ·~ : 

Davis et al. 1981) . Frog embryos had 50\ teratogeny in 120- and 96-hr 

exposure• at 91,000 and 370,000 µg / L, respectively (Table 5 ) . One hur.ore; 

percent mortality of immature frogs occurred during a 12- day exposure: : 

90,000 µg/L (Dumpert 1987) and SO\ mortality during a 48-hr exposure :: 

560,000 µg/L (Slooff 1982; Slooff and Baerselman 1980). 

Concentration• of the free amlnO acids aspartate, glutamate ar.d • · • • 

in the sea anemone, Bunodosoma c4ve rnata, increased after seven days ; ! 

exposure to aniline at 500,000 ~q ; ~ t Kasschau et al. 1980; Table 5 ) . • · • 

lethal threehold (geometric mean o! :~• h1qhest concentration with nc 

mortality and the next h igher concen~rat1on ) was 29,400 µg / L for sand • 

crangon ••pt!ft!tpinota, and >55,000 f=r •oft-shelled clamt, Mya arenar,t 

(McLeese et al. 1979). 
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Unused Data 

Soma data on the effects of aniline on aquatic organisms were not ~sed 

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; ~oshioka et al. l986a). Chiou (l98Sb); 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. Results were not used where the tes~ 

procedures or test material were not adequately described (Buzzell et al. 

1968; canton and Adema 1978; Carlson and Caple 1977; Clayberg 1917; De~a:· a~= 

Menzies 1982; Kuhn and Canton 1979; Kwasniewska and Kaiser 1984; Pawlaczy~-

Szpilowa et al. 1972; Sayk and Schmidt 1986; Shelford 1917; Wellens 192: . 

Data were not used when aniline was part of a mixture (Giddings and f~a~:: 

1985; Lee et al. 1985; Winters et al. 1977) or when the organisms were ex~~seh 
to aniline in food (Lee et al. 1985; Loeb and Kelly 1963). 

Babich and Boranfreund (1988), Batterton et al. (1978), Sols et a: 

{1985); Buhler and Rasmusson (1968), carter et al. (1984), Elmamlouk e~ 1. 

(1974), Elmamlouk and Gessner (1976), Fabacher (1982), Lindstrom-Seppa •· 

(1983), Maemura and Omura (1983), Pedersen et al . (1976), Sakai et a~. 

and Schwen and Mannering (1982) exposed only enzymes, excised or home~• • 

tissue, or cell cultures. Anderson (1944), and Bringmann and Kuhn c:;-

cultured organisms in one water and conducted tests in another. Bat~•: · 

al. (1978) conducted a study in wh•c~ organisms were not tested in wa:• 

were tested on agar in the "algal ~awn· teat. 

Result• of one laboratory t••~ ""•r• :iot used because the test ·-• • 

conducted in distilled or deionlz•d ""ater wlthout addition of appropr.a • 

salts (Mukai 1977). Results of laooratory bloconcentration tests were 

used when the test was not flow-throuqn or renewal (Freitag et al . l9a• • • 

et al . 1981; Geyer et al. 1984) and acre ootalned from microcosm or me;• 

ecosystem studies were not used where ~~• :oncentration of aniline in ·• • 



: ?-~=-:-
3 <..£ ; 3 

decreased with t i me (Lu and Metcalf 1975; Yount and Shannon 1987 ). Douglas e t 

al. ( 1986) had insufficient mortalities to calculate an LCSO and Sol lma nn 

(1949) conducted studies without control exposures. 

Summary 

Data o n the acute toxicity of aniline are avai l ab l e for n ineteen spec~es 

of freshwater animals. Cladocera were the most acutely sensitive grou p 

tested . Mean 48-hr EC50s ranged from 125.8 µg / L for Ceriodaphnia ~ to 2~0 

µg / L for Daphnia magna. The planarian , Ougesia tigr i na, was the four th most 

sensit i ve species to aniline with a 96-hr LC50 of 31,600 µg/L. 

Freshwater fish 96-hr LCSOs ranged from 10,600 to 187,000 µg / L . Ra ~ncc~ 

trout, Oncorhynchus mykiss, were the most sensitive fish tested, with spec~es 

mean acute values of 26,130 µg / L. The bluegill, Lepom i s macrochiru s , wa s 

nearly as sensitive to aniline as rainbow trout, with a 96-hr LCSO of 49,:co 

. ' µg / L reported for this species. The fathead m1nnow, Pimepha l es prome las . and 

goldfish, Cara11 iu1 auratus, were the most tolerant fish species expo sed ~ ~ 

anil i ne, with speci es mean acute va l ues of 10 6,000 µ g / L and 187 , 0 0 0 µg 1: . 

respectively. 

The most tolerant freshwater species tested with aniline was a ml ~;• . 

Clinotanypu• pinguis, with a 48-hr LCSO of 477,000 µg / L. Oevelopmenta : ,. • <•t 

of an amphibian, Xenopus laevis , had differing sensitivities to ani lL ~• ~-· 

embryos ware the mo•t tolerant with a 96-hr LCSO of 550,000 µg/L and :· • 

larvae had a 96-hr LCSO of 150 , 000 µg/L . 

Data on th• acute toxicity of aniline are available for eight SP- •• 

saltwater animal•. Species Mean Acute Values ranged from >333,000 µq . ~ · 

larval winter flounder, Paeudopleuro ntctet americanus, to 610 µg/ L for . • • · 

grass shrimp, Palaemonetes py,gj,,,Q. Arthropods appear particularly sena.· • · 

aniline. There are no data to eupport t he der i vation of a salinity- e r 

temperature-dependent Final Acute £quat l on . 

Chronic tests have been conducted wlth four species of freshwater 

organisms. A chronic value of 10 . l ~q/ ~ for the cladoceran, Cariodaph ~.A 

' . . . 



dubia, wa• based upon reproduct.ive im~airment. A chronic value of 33. 3 ... g / :. 

for another cladoceran , Oaphnia magna, was also based on reproducti ve 

impairment. Rainbow trout were exposed for 90 days to aniline and t h e resul t~ 

showed that •urvival was reduced at 15,900 µg/L and growth (wet weight ) at. 

7,800 µg/L. The chronic value for t.rout of 5,600 µg / L was based upon q=cwc.~. 

The fathead minnow was exposed for 32 days in an early life-st.age test . ~~e 

chronic value of 557 µg/L was also based upon growth. 

One saltwater chronic value was found . A chronic value of 770.7 ~g . :. 

for the mysid, Hysidopsis bahia, was based upon reproduct.ive impairxe r. : . 

Effects due to aniline have been demonstrated with two freshwater ? :a ~ : 

species. The green alga, Selenastrum capricornutum, had ECSOs ranging !::~ 

l,000 to 19,000 µg/L in 4-day exposures. Another green alga, Chlore l:a 

vulqaris, was considerably more resistant to aniline, showing a growt~ 

reduction of 58\ by 306,000 µg/L in a 14-day exposure. No acceptab le 

' saltwater plant data have been found. Final Plant Values, as defined • . :·e 

Guidelines, could not be obtained for aniline. 

No suitable data have been found for determining the bioconcenc.:~: . : - - · 

aniline in freshwater or saltwater organisms . 

Acute-chronic ratio data that are acceptable for deriving numer~:i . 

water quality criteria are available for three species of freshwater•- . · • . • 

and one species of saltwater animal. The acute-chronic rat.ios range ' . -

2.504 to 5.357 with a geometric mean of 4.137. 

The freshwater Final Acute Value for aniline is 56.97 µg/L and · • 

Chronic Value is 13.77 µq/L. The Freshwater Final Chronic Value is : • • • 

greater than the lowest chronic value observed for one species of C~ • ! • • 

indicating that •en•itive species of this group may not be adequatel ·1 

protected it ambient water concentratlon• exceed this value. The sa.~ • • • 

Final Acute Value for aniline is 153.4 uq / L and the Final Chronic va: . • 

37 . 08 µg/L. Chronic adverse effect• to the only saltwater species e•; • • 

aniline occurred at concentrations that are higher than the saltwat.er ' 

Chronic Value which •hould be protective ot •altwater organisms . 

12 
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The procedures described in the "Guidelines for Deriving Numerical 

National Water Quality Criter i a for th• Protection of Aquat ic Organisms and 

Their Uses• indicate that , except for certain sensitive species of Cladocera , 

freshwater o rganisms and their uses should not be affected unacceptably if the 

four-day average concentration of aniline does not exceed 14 µg/L more than 

once every three years o n the a verage and if the one-hour average 

concentration does not exceed 28 µg / L more than once every three years on the 

average. 

The procedures described in the "Guidelines for Deriving Numerica l 

National Water Quality Criteria for the Protection of Aquat ic Organisms a nd 

Thei r Uses" indicate that, except possibly where a locally important spec~es 

is very sensitive, saltwater o rganisms and their u ses should not be affec:ed 

unacceptably if the four-day average concentration of anil i ne does not exceed 

37 µg/L more than once every three years on the average and if the one-hc~ r l 
average concentration does not exceed 77 µg/L more than once every three years 

on the average. 

Implementation 

As discussed in the Water Quality Standards Regulation (U .S. EPA :;: ; a 

and the Foreword to this document, a water qual i ty criterion for aquat ~ : .. ~• 

has regulatory impact only after it has been adopted in a state water~- · ··· 

standard. Such a atandard apecif i •• a criterion for a pollutant that . • 

consistent with a particular des1gnated uae. With the concurrence of :· e . , 

EPA, state• de•i9nate one or more us•• for each body of water or segme r: 

thereof and adopt criteria that are con•i•tent with the u••(s) (U.S. E?A 

1983b, 1987). Water quality criter 1a adopted in state water quality st• ~; . c: t 

could have th• same numerical value• a• criter ia developed under Sect 1= ~ : ; ~ . 

of the Clean Water Act. However , in many situations states might want :; 

adjust water quality criteria develo ped ~nder Section 304 to ref l ect le: •. 

environmental conditions and human exposure patterns. Alternat i vely , s:j : •• 
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may use different data and assumptions than EPA in deriving numeric criter~a 

that are scientifical ly defensible and protect ive of designated uses. State 

water quality s tandards include both numeric and narrative criteria. A state 

may adopt a numer ic criterion within its water quality standards and apply i t 

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 

para.meter or the national criter ion, supplemented with other relevant 

information, to interpret its narrative criteria within its water quality 

standards when developing NPOES effluent limitations under 40 CFR 

122.44(d) (1) (vi) .2 

Site- specific criteria may include not only site-specific criterion 

concentrations (U.S. EPA l983b), but also site-specific, and possibly 

pollutant-specific, durations of averaging periods and frequencies of a l!.c·...-ed 

excursions (U.S. EPA 1991) . The averaging periods of "one hour" and 0 four 

days" were selected by the U.S . EPA on the basis of data concerning how ' rapidly soma aquatic species react to increases in the concentrations of some 

pollutants, and "three year•" is the Agency's best scientific judgment of ~~e 

average amount of time aquatic ecosystems should be provided between 

excursions (Stephan et al. 1985; U.S. EPA 1991). However, various spec~~s J-· 

ecosystem• react and recover at greatly differing rates. Therefore, if 

adequate justification ie provided , s ite-specific and/or pollutant-spec~~ -= 

concentrations, durations and frequencies may be higher or lower than :~ : !• 

given in national water quality crlterta for aquatic life. 

Us e of criteria, which have oeen a dopted in state water quality 

standards, for developing water ~~a:_:y-based permit limits and for des. ; · . 

waste treatment facilitie• requues se:ec:ion of an appropriate wast.el-=•: 

allocation model. Although dyna.m l: ~cdels are prefer r e d for the appl~ = ~ : . . -

of these criteria (U.S. EPA 1991 ). l~m~~ed data or other consideratior.s . ' . 

require the use of a steady-state mcd • l (~. s. EPA 1986). 

Guidance on mixing zone• and t~• je•~qn of monitoring programs l9 

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



Tablt1 I. Acuto To1oci1y of Anihne lo Aqualtc A11imsls 

LCSO Species Mean 
or EC50 Acute Value 

Sp11ci11t ~ Chemic al'" ..R!:L ~ ~ Reference 

FRESHWATER SPECIES 

Planarian, s.u Reagent Grade e .5 ·8 .s 31 ,600 31 ,600 Ewell et ... ttH 
Dug111i a !.iJl!i.!!.! 

Annelid, s,u Reagent Grado 6 .5·8 .5 > 100,000 > 100,000 Ewell et II. 198& 
Luml>rjcu!ut vOJ!tga!yt 

Snmil CedulO. f,M 7.4 >219,000 >219,000 Holcombe el el. 1987 
~el!!!I llmooDmJ 

Snail, s.u Reagent Grade e .5·8.5 100,000 100,000 Ewell et al . 1986 
H!li•omt J.ili!2bd.I 

Cladouran C < 24-hrl. s.u 99 .5% 7 .4-7 .9 119 Norberg·ICing 1987 
Ceriodaphnia ~ 

Cladoceren I < 24 hrl . s.u 99 .5% 7 .4 ·7 .7 193 Norberg·ICing 1987 
c 11wi1111h1•1 tb&l.t 

<I' l.1-.ic... .. en I < 24 tul. s.u 99.5% 7 .4-7 .9 146 Norberg· ICing 1987 
Ceuoqtphf!!a lb&11 

Cleducetllll I< 24 hi I. s.u 99.5% 7 .4 ·7 .7 184 Norberg·King 1987 
Ce11ud-ehN! ~ 

Ctedocoren I < 24·hrl, s.u 99.5% 7 .5· 8 .0 146 Norberg·ICing 1987 

Ce11odeehr11a ~ 

Cladocoran ( < 24·hrl , S ,M 99.5% 7 .8 44 125.8 Spehar 1987 
Coriodghnit dubfe 

Cladocoran C < 24·hr), S,M 150 Bioaingor 1987 

~awl!l! 

Cladoceran C < 24·hrl. S,M 530 Biesinger 1987 

Q.!e!!n!! magna 

Cladocoran (juvoOilol. s.u Reagent Grado 6 .5 ·8 .5 210 fwoll 111 al . 1986 

01tphn111 mauna 

I t • f ••• ••••• t • •. I ,• 
.,.,, 1 , 7 9 170 Gt11 61Ch and M11yt1:. 1986 

I.:•' ., ..... ' -



T ablo 1 . (con1inuedl 

LC50 Species Meon 
or ECSO Acute Value 

Species Method" Chemic~ ..R!:L Ji!.eLY... ~ Reference 

CladocerMl ( < 24·hr), F.M 7.4 
Qaehnia !!l!aD! 

250 250.0 Holcombe el .i. 1987 

lsopod, s.u Reagent Grade 6 .5-8.5 > 100.000 > 100,000 EwoU et el. 1986 
Au!!!!! jnttm>tdju1 

Amphipod, s.u Roagenl Grade 8 .5-8.5 > 100,000 > 100,000 Franco et al . 1986 
Gemm•ry1 f11c!11u1 

Midge (larval, s.u Reagool Grade 7 .8 399,900 399.900 Franco el el. 1984 
Chjrooomut l!!!.l!!l! 

Mtdge ll•rv•I. s.u Reagenl Gtade 7 .8 477.900 477,900 Franco 01 el. 1984 
Chno1anxey1 ~ 

MuJ"o lla1val. s.u Roagon1 G1ade 7 .8 427.900 427,900 Franco el al . 1984 .. L111fel\1!1 !ll!<-Do!ycheee ., .. 
Midge ll•tv•I. s.u Reagent Grade 7 .8 272, 100 272. 100 Franco el al . 1984 
I onypu! neoeunc11penn1s 

Midge (3rd·4th in1t11rl. F,M 7 .4 >219,000 > 219,000 Holcombe et el. 198 7 
T envtersus diuim!l1s 

R1mbow trout (juvenile), F,M 7.1 ·7 .7 10,600 Abram end Sima 1982 
Oncorhyocbut ~ 

Rlinbow trout, S,M An11ly1ic11l Grado 41 ,000 Calamari et al . 1980, 1982 
Oocorhynchut !IDdil!! 

Rlinbow trout, S,M Analyucel Grade 20.000 C11l11rnen et al . 1980, 1982 
Oncortwnchyt m\l!tiss 

Rtinbow trout, F,M 7 .6 ·8.2 36,220 Hodson el el. 1984 
Oncorhynchus myk1si; 

... , _., .. ... ,. , ... , l,u ........... I U 7 4 40.500 Huh;ombe et " '- 1987 

····· •!· .a ....... t •!•1• I 

...... .... ...... . .... .. . . I ti .l0.000 26. 130 S p.:11111 1987 .. .. . . ' .. .. .-



Table 1. (continued I 

LC50 Species M.en 
or EC50 Acute Velua 

~ Mllb2!i" Chemjcer --2.l:L ~ ..nLL Raleranct 

Fetheed minnow (juvenile,, F,M 99% 7.6 134.000 Brooke et el . 1984 
Pjmtebtf11 eromtf 11 

Fathead minnow (juvenile,, s.u Reagent Greda 6 .5 ·8 .5 32.000 Ewell at el. 1986 
Pimtebtfat promet11 

Fathaed minnow fjuvanilt) , F,M 7 .4 77.900 Holcombe at el . 1987; 
Pjmtpbt!tt promtftt Geiger at el. 1990 

fathaed minnow (juvanilt,, F.M 99% 7.5 114.000 106.000 Geiger at el. 1990 
Pimaphtl!! eromtltl 

Goldfiah (~vanilal , f .M 7 .4 187,000 187,000 Holcombe at al . 1987 

c ti .. ..,.. IM.l.lbt.I ....... .,.. ....... , f .M 7 .4 49.000 49.000 Holcombe at Ill . 1987 

~ n•tpt.fltvt 

""''-'• -.... ... ,., ......... f.M 7 .4 78,400 78.400 Holcombe at al . 1987 

s. elllll!f!Nt 'Vl'imtnvrv 

,,.,,.,.n clewed ho" s.u 550,000' Oevi1 et el . 1981 

lembryol, 
X!f1opu1~ 

African clawed hog s.u 940.000C Dav11 et al . 1981 

(tailbud ambryol, 
Xenopu• !aevis 

African clawed frog (larvel. s.u 150,000 150,000 Davis et al . 1981 

Xenopu• laevis 

S~b TWATER SPECIES 

E 1u1ern ov1111 lonltirvo1l. s.u 100~ 7 9 8 .0 >30,000 > 30,000 Thur~by end 811rry 1987a 

t 1 lll~~!JH ~!!~!!!. I 

... , ...... , , ......... . .. ... ,, I 4 I ~ 1.090 Thut)UV enJ B•1t1V 1987., 

Mat ··J4 rt \~· ' 

_,J 



w 

Table I . lcontinuedl 

Spacja1 Mllb2!r Cbtmiclf 

My•id ljuvenilat f,M 100% 
Mytjdoetjt !Wl!.! 

AmpNpod ljuvenital, R,U 100% 

AU!O!fits:t E!ai1.I 

GraH 1hrimp Clwv11I. R,U 100% 
P911•mon11a1 ~ 

Sea urchin (tmbryo·larval, S,U 100% 
A1t>9ci9 punc1ul••• 

Sh••p•h•ad nlll\AOW R.u 100% 
1,.venolal. 
£1C111•nyJvo ytotyt!ut 

,. • .,_, ..... ., .... lluvenolel. R.U 100'11. 

~t!d..I kw!!.UI 

Wontor lluuoder tlarval . s.u 100% 

t' > !u~ul!!•u 1unecto! 

!Oll••11c enu1 

• S .. S1111c; R • Ronewel; F • Flow·lhrough; M .. MeHur9d; U .. UMloHured. 
' Pu111y of the IHI chemicel. 

LC50 
01 ECSO 

_R!:L ~ 

7 .5·7 .6 1.930 

7 .6 ·7.6 16,600 

7 .9 ·8 .0 810 

7 .6·7 .7 >200,000 

7 .8·8 .2 120.000 

8 .0 ·8 .2 17.400 

7 .9 ·8 . ' > 330.000 

• Ruulls from IHI Hn&iuvo Iii• e1egu 11• not u1ed in the calculation ol the Speciu Mean Acute Value. 

-

Species Moen 
Acute V11luo 

...J!gfL Reference 

1 ,930 Thuraby end Be11y 1987b 

16,600 Redmond and Scou 1987 

610 Thureby and Be11y 1987 a 

>200,000 Thuraby and Bouy 1987e 

120,000 Thutsby and Bouy 19870 

17,400 Thu11by end Sorry 1987 a 

> 330,000 Thursby and Be11y 1987a 



Cledocet.n, 
Ctriocl!Ohoit iM!!I 

CtedoceJM, 

l!.!2hD!! IDl8DI 

Reinbow 11ou1, 

Onsorbync;h!f1 mW!! 

Fethaed mnnow, 
f'io1•pbelt1 eromelu 

~ 

M• .... Ml!l!I ldlb.I 

LC 

LC 

ELS 

ELS 

LC 

• l c.. - .... CyLI• 01 p .. 11 ...... cycie ; flS • •••ly ltf• ·•l•g•. 

• f'u1tty ul th• •••I chenvcel 
· flHull• ••• bHtd on me .. ured concentration• of aniline. 

Table 2 . Chronic To>Cicity of Aniline to Aquatic Animals 

Chtonic L1mit1 Chrorvc Velut 
Cl!emic ... -2t1_ ~ ~ Reference 

FRESHWATfR SPECIES 

99.5% 7 .8 8 . 1-12.7 10. 14 Spehar 1987 

99% 7 .8 ·8 . 1 24.6 ·4&.7 33 .89 Geraich and Miluzo t988 

99.5% 7.8 4 ,000·7 ,800 5,600 Spehar 1987 

99.5% 7 .93 422·735 557 Ruaaom t993 

SALTWATER SP~Cl~S 

100"" 7 .4 ·7.6 540· 1, 100 770.7 Thuraby end Berry t 987b 

-



Table 2. (continuedl 

Acute·Chtonlc f!atto 

Acute V8'ue Chronic Veluo 

il!£i!1 .Rt!... i.l!Alb1 ~ B.!1!2 
Rllinbow trout, 7 .8 30,000 5,600 5 .367 
Oncorhvocbu• ~ 

Cledoceran, 7 .7 ·8 .1 170 33.9 S .015 
Ot0hn!1 mtm!1 

Cledoceran, 7 .8 44 10. 1 4 .356 
Ctriodeehojt dubia 

SAl~AHR SP~CIES 

Myeid, 7 .4 ·7.6 1,930 170.7 2 .504 
Mys1dopa1a bahia 

-



Table 3. Ranked Genus Mean Acute Values with Species Mean Acute-Chro01c Ra1ios 

Genus Mean Species Mean Species Moan 
Acute Valu11 Acute Value Aculo·Chrornc 

~· ~ Species .l.!!al!J" Ra1io' 

FRESHWATER SPECIES 

19 477.900 Midge, 477,900 
Clino!anypye ~ 

18 427,900 Midge, 427,900 
Einf•ldit f\ttctJjtocheae 

17 399,900 Midge, 399,900 
Chironornu• ll!U!!!J 

16 272.100 Midge, 272.100 
T anypu1 noopuoc1ipenoie 

15 >219.000 Midge. >219,000 
T envtareu• diHinuUis 

14 > 219,000 Snail, > 219.000 .. 
Ap!e•o hYP02rum 

13 187.000 Go6dh1h, 187,000 
Ca1a1sius purolus 

12 150,00 Ahican clawed frog, 150,000 
Xenoeu1 l!.!m 

11 106,000 FathellCI minnow. 106,000 
Pimephales promelas 

10 > 100,000 Annelid, > 100,000 
luml>riculut variegalua 

9 > 100,000 Amphipod, > 100,000 
Gammarus fHcialus 

8 > 100,000 l1opod, > 100,000 
Asellus inlermedius 

7 100 000 Sn ... 1. 100,000 

!!~t!..:!!!.! !!~ 

• ...... w1.,, • • _, . .. o• JB .400 

•.·.! ' ' . ' ' ''''.!"!~'.!!!~~ ....., 



Table 3 . (continued) 

Genus Moen Spactas Moon Species Mean 
Acute Veluo Acute Value Acuta·Chronic 

~· M!.a&l S pecies M!.al!J.. Aatto• 

5 49,000 Bluegill, 49,000 
Lapomi• mocrochlru• 

4 31 ,600 Pl•narien, 31,600 
Ougasie 1ig1in• 

3 26.130 Rainbow trout , 26,130 5 .357 
Oncorhynchus ~ 

2 250 Cladocoren, 250.0 5 .015 
Daehnie magna 

125.8 Cladocor•n. 125.8 4 .356 
Canodaehnia dubto 

. ' SALTWATER SPECIES ... 
8 >333,000 Winter lloundar, >333,000 

Pi;eudoP!auronoc tas 
amariconus 

7 >200,000 Sa• urchin, >200,000 
Arbacia punc tulato 

6 120.000 Shaopshood minnow, 120,000 
Cwrinodon varlagauts 

5 >30,000 Eastern oyster, >30,000 
Crassos1rao virQ!nica 

4 17.400 Inland silvaraido. 17 ,400 
~bory!hna 

) If> bOO A111plupotl . 16.600 

An•j · •·I·~' ~ !.._....!~!~ 

-



Tabla 3 . lcon1inuadl 

Genu• Mean Species Moan 
Acute Value Acu1a V11lua 

BD. ~ ~ ~· 
2 1,930 Myaid, 1,930 

Mytidopai• behie 

610 Grall ehrimp, 610 
Pt!!!ffiOnelH ~ 

• R.,.ed from moat roli11anl to moil HMilive bHed on Genu1 Meen Acute Velua. 
•from Tabfe 1. 
•from Tebfa 2. 

fresh we1e1 

Cu1e11un MH1mum Concen11a11on • 56.97 11Qll. I 2 • 28.49 JIQ/L 

f inal Acula·Chronic Reho • 4 .137 (He tewl) 

finel Chrooec Value "' 156.97 JIQILI / 4 .137 • 13 .77 JIQ/L 

Sal! wetar 

final Acute Veluo = 153.4 l'Q/L 

Criterion Maximum Concentration .. U 53.4 JIO/l) I 2 = 76. 7 l'Q/l 

Finel Aculo·Chronic Re1io .. 4 . 13 7 1110 tewl) 

Finel Chronic Veluo = (153.4 JIQ/Ll I 4.137 • 37 .08 JIQ/l 

-

Species Moan 
Acula·Chrooec 

Rauo• 

2 .504 



Table 4 . T 011ici1v ol Aniline 10 Aquetic Plan1s 

Result 
Specie! Chemic et• _fil!_ pu1auon f!!!£! ~ Relo1ence 

FRESHWATER SPECIES 

Green •gae. AMlydcel Grede 4 d•v• ECSO 19,000 Clemari et el. 
Stltottlfum (growthl l980, l982 
uerjcorny!llfD 

Green elgae, 7 deya No elfect <5.000 Adema et el. t 986 
S!ftntt!fUID (cell numberl 
HerjcOfll!f!IHD 

GrHn81gae, 7 dtya No eltect to,000 Adema et el. 1986 
StltotllO!fD (growth rtlel 
CMclCOf!NlllfD 

GrHn mgat, 4 dtye Incipient eflecl 3 ,000 Adame et el . 1986 
SolenH!fum (g1ow1hl 
ceericornutum 

GrHn .. g ... 4 d•v• Incipient effect 1,000• Adem1 et ti . 1986 

~!!!!!!J~!!!!!! (growtM .. ~a:~!!!!!! .. 
<..111n •u••. 5 d•v• lnc1p1ent 11fect 3,000 Adem1 at ti. 1986 

~···"••" !..!.!.!! lgrowthl 
\ .. jft C o •uulunt 

Green tlg11. 6 d1y1 Incipient ellec1 5 ,000" Adema el ti. 1986 
Selena11rum (growthl 
c11Pricornu1um 

GrHnllgN, 6 d•v• Incipient elfect 3,000 Adame et Ill . 1986 
Seleno11rum (growth! 

caericomutum 

Graen tlgee, 6 dty• Incipient ellec1 5.ooo• Adams et el . 1986 

Sel•O!!lrum (yrowlhl 

cep1ico1nuium 

Greentlgee, 4 dev• EC50 20.000 Stool 1982 
Selonasuum 11p. (i,iornassl 

c ••• n •u• 14 1.ltoy~ 16% 10<.l u <.; llO n 184,000 An unirnn and Torry 

~ tJ :' ' !'!! ~ • ••1U!"l Ill u1 uw ll1 I llll!> 

-



Table 4 . Ccontinuedl 

Resull 
~ Cbtmjs!I" ...2!L Ourttion fffec! M!.lllU Relerenct 

Greenelge, 14 daya 58'% reduction 306,000 Ammann and Terry 
CblortM1~ in g1ow1h 1985 

Greenalge, 14 deya 66'% •eduction 613.200 Ammann and Tarry 
Cbktftl•~ io g1ow1h 1985 

GreenmlQe, 14d•va 75'% raduccion 117,000 Ammann and Tarry 
CNHtltm.il in growth 1985 

SALTWATER SPECIES 

No 1ccap111>1e toJCic:.ity date for Hltweter planll 

• Purity of the teat chemic•. 
• Acetone , • ., .. , ueed 

-



Table 5. Other Data on the Effects ol Aniline on Aquatic Orgarusms 

Concentration 
Species Chemical• _!!!:L Duration ill!£! Jlilllll.. Reference 

FRESHWATER SPECIES 

Bacterium, 1.0 16 hr Incipient inhibition 130,000 Bringmann 1973; 
PseudomonH 2!W2! 811ogmann and 

Kuhn 1976, 
1977b, 1980b 

Bacterium, 6.8 1 hr Inhibition of 30,000 Bowdre and Krieg 
Seirillum volytant mo1ilitv 1974 

Blu.-gtffn alga, 24 hf 50% mortelitv 20.000 Fiugereld et al. 
MicJocystit \952 
peruQinose 

Blue·green alga, a d•v• Incipient inhibition 160 Bringmann and 
Mtcrocvsus Kuhn 1976, 
!OIUQ!nOl8 l 97811.b 

Green elgee. 7.6 4 dav• Incipient inhibrnon 10,000 Bnngmann and 
SLtnt!l .. mut Kuhn 195911,b 

I , !l<ftdl!5 auda 
J 

Green algae, 8 days Incipient inhibition 8,300 Bnngmann and 
ScenedOlimu9 Kuhn t977b, 
gua4rjcauda 1978a.b, I 980b 

G•eenalga, 24·25 hr BCF .. 91 Hardv at al. 1985 
Scen!dHmut 
guadric111.1d9 

GJaan algae, Reegant Grade 4 hf 66% !eduction in 100,000 Giddinge 1979 
Seleot!Jrum photosvnthesrs 
capricornutum 

Protozoan, 48 hr Incipient inhibition 250,000 Bringmann et al . 
Chilomonas l 980; Bnngmann 
pararnaecium and Kuhn 1981 

Pu111uoan 69 7 2 lu lnc1p1ont inh1b111on 24.000 811ngmann 1978; 

l ··· ··!-4&,·'·· •. 611111111urnn and 

• :' t!lt! ' ' Kuhn 19801.l. 1981 



Table 5. (continued) 

Concantuuion 
Speciea Chemical" _e!:!_ Duration ill!£! ~ Reference 

Protozoan, 7.5·7 .8 28 hr Incipient inhibition 20,000 Bringmann and 
MjC[Ofll~! Kuhn 1959a 
b!!ero•Jom1 

Protozoan, 6 .3 72 hr EC50 154,270 Schultz end Allieon 
!!Ult!lt!!!IR! (growth) 1979 
Pl!l:ihmnil 

ProtozoM, 6.9 20 hr Incipient inhibition 91,000 Bringmann end 
Uronoroa perduczi Kuhn 1980a, 1981 

Hyd1ozoen, >98% 48 hr LC50 406,000 Sloofl 1983 
~o!igacti• 

Planenen. > 98~ 48 hr LC50 155,000 Slooff 1983 

lalltm~ 

1 ..... 1""' wutni. > 98411. 48 hf LCSO 450,000 Sloofl 1983 ............. _ 
~,..., >98% 48 hr LC50 800.000 Sloofl 1982, 1983 
l ¥!t!OH! t!IQOt!1t 

Cl.Joe er en. 99 .5% 7 .8 48 hr ECSO lledl 132 Spehar 1987 
Ce11odaphnie ~ 

Cladoceran, 7.5 48 hr ECSO 400 Bringmann end 

~!!!!a!l! (acoustic roac1ionl Kuhn 195911,b 
1960 

Cladoceran, 7 .6 ·7 .7 24 hr EC50 500 Bringmann and 
Q!eh!!!! magn! (immobiliryl Kuhn 197711 

Cladoceran, Pure Analytical 7.4 24 hr ECSO 23,000 Clamari et al. 

Q!l?.h!!!.! magne Gr!da 1980, 1982 

Cladoceran, 24 hr BCF = 5.0 Deublo at al. 
Daphnia magna 1984, 1986 

( ...... , ..... 10 '" l TSO 10 .000 l ukhnov11 1975 

L•a' '!t ·· ·..,. t 

\ ·-· .•.•. l J '" 
11~0 l:l ,OUO Lukhnove 1975 

l • . . . , :-.. f -



Teble 6. (continuedl 

Concentret1on 

~ Cbomic81" Dutttion Ettect ~ Reference 

Oedoceran, 1 .0 day LT50 6 ,000 la.khnova 1975 
llleh!U DllQOI 

aec:t~•ran, 1.5 d•y• LT50 4 ,000 lekhnove 1975 
~IDIQ!ll 

aec:tocan1n. 2 .0 day• LT50 2,000 lekhnova 1975 

~ml8DI 

Cled~~an. 3.6 dayt LT50 1,000 lekhnova 1975 

~mtm!I 

Cledooeran. 99% 14 day• MATC 29.9 Gersich and 
~magna Mlhuzo 1990 

Cledoceren. u .... 14 day• MATC 14 .9 Gersich and 

~UWl!!t MllitUO 1990 

o..so,e1en 1.ou111. A11elyt1cet G1.0e 3 hr LC50 1,000,000 Y 05h101ta et •I. 

~Oll\,IY\ ''kl 1986b 

\A. MMJ1f9 . 20·21 day• 95% Montt111y 7.800 Puzikovt end 

C !\ti j!QQ!J)U I !!lllil!!J M•1lun 1975 

Midge. 20·21 day• 30% Monality 7 ,000 Puzikov11 end 
Chtrooomut doraal11 Markin 1915 

Midge. 20-21 days 0% Monality 3 ,000 Puzikova end 

Cbjronomu1 dortali• Markin 1915 

Mayfly (larval. >98% 48 hr LC50 220,000 Slooll 1983 
Cfoeon djpterum 

Mo1qui10 t3rd >98% 48 hr LC50 155.000 Slooll 1982 

inatarl. 
A11da1~ 

Reinbow trout 7 .4 7 days LC50 8 ,200 Abr&n and Sima 

l1uve111lt1l . 1962 

n!!~ . !! ' •·k' ~". ' !'! ~ 
.. ' .~ ' : t 

-



T Bble 6 . (continued) 

Concentr 111ion 
~ Chemical• -2!:L Duration ~ ....l.!!al1L Reference 

Raiinbow trout 7.4 1 day• LCSO 8 ,200 Abram and Sima 
(juvenile!, 

1982 
Oocochyocbu• 

mxhl!1 

Rainbow 1rou1 7 .4 72 ht BCF = S07 Oaublt et .i. 1984 
Cjuvenilel, 
Oocorbynchu1 

mmu 
Raiinbow t1out 24 ht No mortality 10,000·20,000 ly118't and 
(2 vrl. M11rcinek 197 2 
Oncorhvnchua 

mxl!.i!1 
RIMnbow trout 24 hr LC100 21,000 Lysak and 
12 vii . Marcin~ 1972 
~!~!,!lf\XU\ '"II 

l!!~-!U . . ..................... 7 .0 8 .0 48 hi No impairment of 10,000 Shumway and 
!::!~vtf•xito,I"•• flavor Palensky 1973 
run.w 
R81nl>ow uout, 7 .0 ·8 .0 48 ht 100% mortality 100,000 Shumway and 
Oocorhyocbyt Palensky 1973 
mW!! 
Guppy, 99% 14 daya LCSO 125.629 Hermena et el. 
~ retlcylf!• 1984 

fa&he!d minnow >98% 48hl LC50 65,000 Slooll 1982 
(3·4 wkl. 
fjmeeb!!!ea 

1!•2!D!f•1 

Channel catfish 7 .7 To hatch LC50 5,600 Birge et el . 1979b 
!embryo. larv1tl , 14 5 d1tysl (5,5001• 
!Ulb&utl RV01. I llvt 

, ....... •'e# II ~ ,Jay• LC!>O !:> ,000 811ge el al . l979ll 
• . 14 . 1 .. ,. ,u,fllol 1'.>.uuo1• 

• • . . '··•'· , .. 



Teble 5. (continuedl 

Concentration 

~ Chemic el" l?tl Ouretion Effect il!a&l Roloronco 

Chennel cetfi1h 7 .7 To hatch LC50 7,400 Birge et el. 1979b 

!embryo, lerv•I. 14.5 day1I 16.300)' 

!ctt!uru1 punc1ttu1 

Ctuinn.I celfi1h 7.7 8.5 d•v• LC50 1.000 Birge et el. 1979b 

!embryo, lerve), 14 days poet· 16.2001. 

!ctflyru1 eunctt!Ut hetchl 

Goldfieh 7.7 To hatch LC50 10,200 Birge et al . 1979b 

(embryo, lerv•). f3 .5 d•Y•l (9,300). 

C!!IH!UI !Y!!l!!l 

Goldfi1h (embryo. 1.1 1.s d•v• LCSO 5,600 Birge et al . 1979b 

l11v•I. 14 d•v• poet· 1s.soo1• 

CtrtH!\11 ~ h111chl 

c. ......... 7 7 1 LS dey• LCSO 5.500 Bugo 01 111. 1979b 

·-·, .. ....... 14 d11ya po~t -

\. M ti INI IM1Ah&J h11tchl 

u.A&Jhefl 1.1 To heich LCSO 10.000 Bugo ot al. 1979b 

ternt>1yo. 1.,v•I. (3.5 d11ysl 17.6001" 

C !I tlt!YI IW.!1.!lJ 

Cioldli•h 7 .7 7 .5 day• LCSO 4,800 Birgootal.1979b 

(embryo, lervtl , 14 d11ya pOil· (4,6001• 

Ca!!HjYt~ h11tch) 

Goldfi1h 1.1 11.5 deya LCSO 4,700 Bugo et el. J 979b 

(embryo, larval. (8 dey1 post· 

Cara111ys euratu• hetchl 

largemouth bHI 1.1 To hetch LCSO 47 ,300 Birge ol el . I 9 79b 

(embryo, larva) , (2 .5-3.5 daysl (32.700t• 

MjcroptorU! 
salmoidos 

l .. ven-.•" t.••• I 7 6 5 1 5 ddyll LC50 10,500 Birge et al. 19 79b 

.......... ... . .. e4 ''•v~ ' '") ' 17. 1001· 

'4 . ' '·• •· ,,. 
1r 1' I -



Table 5 . (continuedl 

Concentration 
~ Chemic el" ~ OuratJon Elle ct ...li!illhL Re1lerence 

Larcaemouth b•1t 7 .7 10.5-11.5 d•ya LCSO 5 ,200 Buge et al . 1979b 
(embryo, 1.,ve), (8 daya POii· 
tdjC[2J!llllUI hetchl 
1elmoide1 

l.,gemoulh but 7 .7 To helch LC50 43,200 Birge et al . 1979b 
(embryo. lwvel, (2.5·3.5 dayal (29.900). 
Mi!:C9el!D!I 
1elmojde1 

lwgemoulh ba11 7.7 e .6 -7 .6 d•v• LCSO 8,400 Birge et al . 1979b 
(embryo, larval, (4 d•v po .. ·hatchl 11.1001• 
M!cr22taru1 
1elmojde1 

largemouth beu 7 .7 10.5 -1 t .5 d•v• LCSO 4 ,400 Birge et e1I . 1979b 
(embryo. ltlfval. 18 deya post· 
l:!!!. 1 !!Qlll~I hat chi 

...... •t!motdn .. 
Al11can clewed hog 96 hr ECSO 370.000 Oavi1 el al . 1981 
tanlb1yol. (teretogeny) 
Xenoput l••Vlt 

Al11can clewed hog 120 hr EC50 91 ,000 Dev1& et el. 1981 
(embryo I, (teretogenyl 
Xeooput !aevit 

African dewed frog 96 ht 6•.4 abnormalities 10.000 Dumont et al. 
(lerv•I. 1979 ; 
Xenooy1 !eevi1 Davis et al . 1981 

African clawed hog 12 days 100% mort811ty 90,000 Durnpon 1987 
Cledpolel. 
Xenopua~ 

African clawed frog 12 weeks Slowed 1,000 Dumpen 1987 
(umbryol. me111mo1phos1s, 

~!! ·~ ... A!~ !!!! '!'•t 1tHJu, t1d ijlO Wlh 

... ••. • I I .. .. ' ll 'JO !>60.u OO !;luoll 1982; .. -· Slvull tlrlt.I .. 
' · ·- • 811111 ~Cllllltlll 1980 -



Tabla 5 . tcontmuadl 

See enemone, 
Bunodosomt 
cavaroet• 

Send 1hrimp 
l&dulll. 
Cr11nnon 
sopc oms 11111os11 

• t'u111 v ol 1h11 101>1 t.l111nuc lll 

Chemical" 

• l>••e1 '" v•111111hn1• u1e1 h um 811ge et al . I 979a. 

Ou um on 

SALTWATER SPECIES 

7 days 

96 hr 

Significant 
1nc11111se m 

concentration of 
free aspurtate, 

glutamute, ISlanine 

Lethal threshold 

Concenuauon 

...lelll!:L 

500,000 

29,400 

Roleronce 

Ka:;,.chuu 111 di . 
1980 

McLaesd i:I al. 
1979 
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