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FOREWORD

Section 304(a)(l) of the Clean Water Act of 1977 (P.L. 95-217) requires
the Administracor of the Envircnmencal Procection Agency to publish criceria
for water quality accurately refleccing che lacesc scientific knowledge on
the kind and extent of all identifiable effeccs on healch and welfare which
may be expected from the presence of pollucants in any body of wacer,
including ground wacer. This document is a revision of proposed criteria
based upon a consideracion of commencs received from octher Federal agencies,
State agencies, special interesc groups, and individual scientists. The
criceria conctained in this document replace any previously published EPA
aquacic life criceria.

The term 'water qualicty criteria" is used in two sections of cthe Clean
Wacer Act, section 304(a)(l) and seccion 303(c)(2). The cterm has a differenc
program impact in each section. In secction 304, che cerm represents a
non-regulacory, sciencific assessment of ecological effects. The criceria
presented in this publicaction are such sciencific assessmencs. Such wacer
qualicy criceria associaced with specific stream uses when adopted as State
wacer qualicty standards under section 303 become enforceable maximum
acceptable levels of a pollutant in ambienct wacers. The wacer quality
criceria adopted in the Scace water quality standards could have the same
numerical limics as.che criceria developed under section 304. However, in
many situacions Scaces may want to adjust wacer qualicy criceria developed
under section 304 to reflect local environmental condicions and human
exposure patcterns before incorporacion into water qualicy scandards. It is
not until cheir adopcion as parc of the Stare water qualicy scandards chat
cthe criteria become regulatory.

Guidelines cto assist the States in the modification of criceria
presented in this document, in cthe development of warter qualicy scandards,
and in ocher wacrer-related programs of cthis Agency, have been developed by
EPA.

Edwin L. Johnson
Direccor
Office of Water Regulations and Scandards
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Incroduction¥®

Arsenic is found in all living organisms, ‘including those in aquatic
systems. Lictle is known about che mechanisms of arsenic toxicity to aquaric
organisms; however, arsenic readily forms scable bonds to sulfur and carbon
in organic compounds. Like mercury, arsenic(III) reacts wicth sulfhydryl
groups of proceins; enzyme inhibiction by this mechanism may be the primary
mode of roxicity. Arsenic(V) does not react with sulfhydryl groups as
readily but may uncouple oxidacive phosphorylaction (Fowler, er al. 1977;
Schiller, ec al. 1977).

The chemiscry of arsenic in wacter is complex, conéiscing of chemical,
biochemical, and geochemical reactiong which togecther control the concencra-
rion, oxidation state, and form of arsenic¢ in water (Braman, 1983; Callahan,
ec al. 1979; Holm, et al. 1979; Scudlark and Johnson, 1982). Four arsenic
species common in nactural wacters are inorganic arsenic(III) and arsenic(V),
mechanearsonic acid, and dimechylarsinic acid. In aerobic yacer,‘inorganic
arsenic(III) is slowly oxidized to arsenic(V) ac neucral pH, but the reaction
proceeds measurably in several days in scrongly alkaline or acidic solucrions.
Because the chemical and toxicological propercties of the forms appear to be
quite differenct and che coxicicies of che forms have noc been shown to be
additive, the data for inorganic arsenic(III), inorganic arsenic(V), mono-
sodium mechanearsonacte (MSMA), and ocher arsenic compounds will be ctreated
separately. Mechods have been developed for separately measuring these forms

of arsénic in water (Fichlin, 1983; Grabinski, 1981; Irgolic, 1982).

*An undersctanding of the "Guidelines for Deriving Numerical Nactional Wacer.
Qualicy Criceria for the Protection of Aquatic Organisms and Their Uses"
(Scephan, ec al. 1985), hereafter referred cto as the Guidelines, is necessary
in order to understand che following text, tables, and calculations.
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Because of the variecy of forms of inorganic arsenic(III) and inorganic
arsenic(V) and lack of definitive informaction abouc cheir relative
toxicicies, no available analycical measuremenc is known to be ideal for
expressing aquatic life criceria for arsenic. Previous aquatic life criceria
for arsenic (U.S. EPA, 1980) were expressed in cerms of total recoverable
inorganic arsenic(III), but che cocral recoverable method cannoc discinguish
becween inorganic arsenic(III) and arsenic(V). Acid-soluble arsenic(III)
(operacionally defined as che arsenic(III) chac passes chrough a 0.45 um
membrane filcer afrer the sample is acidified co pH = 1.5 to 2.0 wich nicric
acid) and acid-soluble arsenic(V) are probably the best measuremencs ac che
present for che following reasons:

1. These measuremencs are compatible wich all available data concerning
toxicity of arsenic to, and bioaccumuiacion of arsenic by, aquatic
organisms. No cest results were rejected just because it was likely thac
they would have been substancially differenct if chey had been reporced in
terms of acid-soluble arsenic.

2. On samples of ambient water, measurement of acid-soluble arsenic(III) and
arsenic(V) should measure all forms of arsenic thac are coxic co aquacic
life or can be readily coaverted co coxic forms under nacural condicious.
In addicion, chese measurements should not measure several forms, such as
arsenic that is occluded in minerals, clays, and sand or is scrongly
sorbed to particulacte macter, cthac are noc coxic and are not likely to
become toxic under natural conditions.

3. Alchough water qualicy criceria apply cto ambient water, che. measuremencs
used to express cricteria are likely co be used to measure arsenic in

aqueous effluents. Measurements of acid-soluble arsenic(III) and




arsenic(V) should be applicable cto effluencs. 1f desired, dilution of
effluent with receiving wacter before measurement of acid-solubie arsenic
might be used co decermine whecher the receiving wacer can decrease che
concentracion of acid-soluble arsenic because of sorption. However, the

relacionship becween whact is in an effluenc and what will resulc in che

‘receiving wacer should take into accounc any conversion of one oxidaciocn

scate of arsenic to the other.

The acid-soluble measuremenc should be useful for mosc mecalg, thus
minimizing the number of samples and procedures that are necessary.

The acid-soluble measurement does not require filtracion at the time of
colleccion, as does the dissolved measuremenc.

For the measurement of total acid-soluble arsenic the only treatmenc
required ac the cime of colleccion is preservacion by acidificacion to pH
= 1.5 to 2.0, similar to chat required for the measurement of tocral
recoverable arsenic. Durations of 10 minuces to 24 hours between
acidificacion and filtration probably will not affect che measurement of
cocal acid-soluble arsenic. However, acidificarion might not prevent
conversion of inorganic arsenic(ILI) co arsenic(V) or vice versa.
Therefore, measuremenc of acid-soluble arsenic(III) or acid-soluble
arsenic(V) or both will probably require separacion or measurement at che
cime of collection of the sample or special preservation to prevent
conversion of one oxidacion state of arsenic to cthe other.

The carbonate system has a much higher buffer capacity from pH = 1.5 to
2.0 chan it does from pH = 4 to 9 (Weber and Stumm, 1963).

Differences in pH wicthin the range of 1.5 to 2.0 probably will nocr affect

the result subscantially.




9. The acid-soluble measurement does not require a digescion step, as does
the total recoverable measuremenc.

10. Afcer acidificarion and filtracion of cthe sample to isolace che
acid-soluble arsenic, the analysis can be performed u;ing either acomic
absorpcion spectroscopy or ICP-emission spectroscopy for eicher coral
acid-soluble arsenic or tocal acid-soluble inorganic arsénic (U.s. EPa,
1983a). Ic might be possible to separacely measure acid-soluble
arsenic(III) and acid-soluble arsenic(V) using che mechods described by
Grabinski (1981) and Irgolic (1982).

11. Ic is not possible to separacely measure cotal recoverable arsenic(III)
and cotal recoverable arsenic(V).

Thus, expressing aquatic criceria for arseanic in cerms of the acid-soluble

measuremenc has both toxicological and pracrical advantages. On che ocher

hand, because no measurement is known co be ideal for expressing aquacic life
criceria for arsenié or for measuring arsenic in ambienc wacter Br aqueous
effluencs, measurement of Soch tocal acid-solu§1e arsenic and ctocal
recoverable arsenic in ambient water or effluent or bocth might be useful.

For example, there mighct be'cause for concern if toctal recoverable arsenic is

much above an applicable limic, even chough tocal acid-soluble arsenic is

below cthe limic,

Upless otherwise noted, all conceatrations reporced herein are expecred
to be essentially equivalent to acid-soluble arsenic concencracions. All
concencractions are expressed as arsenic, not as che chemicél tesced. The
criteria presenced herein supersede previous aquacic life water qualicy

criteria for arsenic (U.S. EPA, 1976a, 1980) because these new criceria were

derived using improved procedures and additional information. Whenever




adequacely juscified, a nacional criferion may be replaced by a sice-specific
cricerion (U.S. EPA, 1983b), which may include not only site-specific
criterion concentracions (U.S. EPA, 1983c), buc also sice~specific duracions
of averaging periods and site-specific frequencies of allowed exceedences
(U.S. EPA, 1985). The lacest licerature search for informacion for chis

documenc was conducted in May, 1984; some newer informacion was also used.

Acuce Toxicity to Aquatic Animals

Inglis and Davis (1972) found that hardness did noct affect cthe ctoxicicy
of inorganic arsenic(III) co the bluegill. The fachead minnow was much less
sensitive co arsenic trisulfide (Table 6) than to sodium arsenite (Téble 1).
Genus Mean Acuce Values (Table 3) were calculated as geomecric means of che
sixcteen available Species Mean Acuce Values (Table 1). Acuce values are
available for cwo species in each of cgo genera and the range of Species Mean
Acute Values within each genus is less than a féccor of 3.3. Foﬁr cruscacéan
genera are much more sensitive chan che other tesced inverctebrate and fish
genera. Both the mosc resiscant genus, Tanyrarsus, and the most sensicive
genus, Gammarus, are invertebrates, but Gammarus is 110 cimes more sensitive
than Tanycarsus. A freshwacer Final Acuce Value of 718.2 4g/L for inorganic
arsenic(11I) was calculated from the Geﬁus Mean Acuce Values (Table 3) uging
che calculation procedure described in the Guidelines.

Acute tests have been conducted on inorganic arsenic(V) wich six species.
in five genera and the Species Mean Acute Values ranged from 850 Jg/L for a
cladoceran to 49,000 .g/L for the mosquicofish (Table 1). Inorganic
arsenic(V) was slightly more toxic than arsenic(III) to rainbow trout, but

arsenic(III) was nearly twice as toxic to cthe fathead minnow and Daphnia

magna.




The acute sensicivicies of eight species exposed to MSMA range from
1,921 ug/L for the bluegill to 1,403,000 ug/L for che channel catfish (Table
1). The fachead minnow was approximactely 12 times more sensitive co MSMA
I:han co sodium arsenate and che goldfish, facthead minnow, and bluegill were
approximacely 5 co 22 cimes more sensictive co MSMA chan to sodium arsenice.
Channel cacfish and amphipods, however, were much less sensitive to MSMA-chan
sodium arsenice.

Noc enough acute values are available for calculation of freshwacer
Final Acuce Values for inorganic arsenic(V) or MSMA.

Daca‘are available on the acute toxicity of inorganic arsenic(III) to
salcwacer species in chree fish and eight invercebrate genera (Tables 1 and
3). The fish species tested were the most resistanc wich a range of LCS50s
from 12,700 ug/L for che sheepshead minnow to 16,030 ug/L for cthe Aclancic.
silverside. Among the inverrebraces, the lowest acuce value, 232 ug/L, was
obtained wich zoeae of che Dungeness crab whereas che highesc value, 10,120

ig/L, was from a test with che polychaece worm, Neanches arenaceodencaca.

Inceresctingly, che acute value for the Pacific oyster is almosc as low as
that for the Dungeness crab, buc that for che eastern oyster is almosc as
high as chat for che polychaete worm. In addicion, Alderdice and Brecc
(1957) obtained a 48-hr LC50 of 8,300 ug/L wich arsenic crioxide to chum
salmon (Table 6). Holland, er al. (1960) determined a 10-day LC54 of 3,787
4g/L for che pink salmon, whereas Curcis, ec al. (1979) reported a 96-hr LC50
of 24,700 ug/L for arsenic trisulfide in tescs wicth juvenile whice shrimp
(Table 6). Of che eleven Genus Mean Acuce Values in Table 3, all eighc for
iavercebraces are lower than che three for fish. The most sensictive genus,

Cancer, is 69 cimes more sensictive cthan the most resistanc, Menidia. The




saltwater Final Acuce Value for inorganic arsenic(III) is 137.1 ug/L, which
is abbu: one-half the lowest Species Mean Acuce Value.

Data are available for inorganic arsenic(V) with two saltwater species.

The toxicity of arsenic(V) to a mysid, Mysidopsis bahia, (LCS0 = 2,319 ug/L)
{s similar co chac of arsenic(III) (LCS50 = 1,740 ug/L). Arsenic(V) is wore

toxic than arsenic(III) to the amphipod, Ampelisca abdita, whose Species Mean

Acuce Values are 4,610 pg/L for arsenic(V) and 8,227 ug/L for arsenic(III).
Not enough data are available cto calculate a salcwacer Final Acuce Value for

inorganic arsenic(V).

Chronic Toxicity cto Aquatic Animals

Three chroanic ctescs have been conducted on inorganic arsenic(III) wich
freshwater species (Table 2). A life-cycle ctest wich Daphnia magna (Call, ec
al. 1983; Lima, et al.'1984) resulced in a chronic value of 914.1 ug/L based
on chronic limics of 633.0 and 1,320 ug/L. The 96-hr LC50 for chis species
in the same scudy was 4,340 ig/L, resulcing in an acuce-chronic racio of
4,748. The chronic values for che fathead minnow and flagfish exposed to
arsenic(Ill) were approximately the same. The 96-hr LC50 values for che two
species were also similar and che acute-chronic ratios were 4.660 and 4.862,
respectively.

Data on the chronic toxicity of arsenic to salcwater species are

available for only one species, Mysidoosis bahia (Table 2). In a 35-day

life-cycle tesc on arsenic(III), no adverse effects were stacistically
significanc atr 631 ug/L, whereas 1,270 ug/L affected reproduction and

significancly reduced survival. These resulcts provide a chronic value of

895.2 4g/L and an acute-chronic racio of 1.944.




The four dcuce-chronic ractios available for inorganic arsenic(III) are
4.748, 4.660, 4.862, and 1.944 and che:géomecric’ﬁean of 3.803 is che Final
Acuce-Chronic Racio. Di;ision of cthe freshwacter and salcwater Final Acuce
Values by chis racrio resulcs in freshwacter and salcwacer Final Chronie Values
of 188;9‘and 36.05 .g/L, respectively (Table 3).

An early life-scage test with che fachead minnow (DeFoe, 1982) exposed
to arsenic(V) resulced -in chronic limits of 530 and 1,500 ug/L and a chronic
value of 891.6 ug/L; The 96-hr LC50 for this species in che same scudy was
25,600 ug/L producing an acucte-chronic racio of 28.71 (Table 2). a
life-cycle cest wicth.Daphnia magna (Biesinger and Chriscensen, 1972) (Table
6) exposed eo arsenic(V) was noc used in che calculaction of a chronic value
because the test concentrations were not measured as specified in che
Guidelines. However, che chronic limits in chis cesc were 520 and 1,400 ug/L
and the comparable acuce value was 7,400 gg/t, resulcing in an estimaced
acute-chronic racio of 8.7. .

The fathead minnow was approximacely 3 cimes more sensitive cn a chronic
basis cto arsenic(V) chan to arsenic(III), buc Daphnia magna appeared to be
equally sensitive to both forms of inorganic arsenic. WNo chronic tests have

been conduccted on MSMA or any other organic arsenic compound.

Toxicicty to Aquatic Plants

Adverse effects were observed at concentracions of arsenic(ILI) ranging
from 2,320 pg/L for three species of algae and one submerged planﬁ co over

59,000 ug/L for the alga, Selenastrum capricornucum (Table 4). Excepc for S.

capricornutum, values reported for aquacic plancs exposed to arsenic(III) are

comparable to the acuce values for some of the more sensitive invercebrarce




species (Table 1) and‘co the chronic values reported for cthe facthead minnow
and flagfish (Table 2).

Concentrations of inorganic arsenic(V) chac caused adverse effeccs on
six species of freshwater algae ranged from 48 to 202,000 ug/L (Table 4). A
l4-day EC50 value of 48 ug/L obtained for the mosc sensictive alga,

Scenedesmus obliquus, was 18 rimes lower cthan che lowest acute value and

approximacrely 19 times lower chan che only chronic value available for

inorganic arsenic(V). Daca on the sensitivicy of S. capricornucum to boch

oxidation states of inorganic arsenic cover a wide range and appear to depend
on che kind of toxicity tesct used (Richcer, 1982).

Data on the toxicity of arsenic(III) to saltwacer plants are available
for four species of microalgae and ctwo species of macroalgae (Table 4).

Growrth of cthe saltwater diatoms, Skeleconema costatum and Thalassiosira

aestivalis, was affected ac 20 ug/L and 22 ug/L, respectively, and phocosyn-
thesis of S. costatum was reduced ac 19 ug/L. These values are less than che
Final Chronic Value for arsenic(III) buc cthe ecological implications of
reduced growch on cthese species is uncerctain. Boney, ec al. (1959) showed
chat arsenic(III) inhibiced che development of sporelings of cthe red

macroalga, Plumana elegans, ar 577 ug/L. In addicion, formation of macure

cystocarps by anocher red macroalgae, Champia parvula, was prevented at 95

ug/L and growcth of female plants was reduced ac 145 ug/L.

Dara on the toxicity of arsenic(V) to saltwater plancs are available for
four species of microalgae and one species of macroalgae (Table 4). Based
upon these data, cthere is no significant difference bectween the toxicicy of
arsenic(III) and arsenic(V) to cthe plant species tesced. Thursby and Sceele
(1984) found cthar phospvhate decreased che toxicity of arsenic(V) co Champia

parvula, bucr did not affect the roxicicy of arsenic(III).

9




Bioaccumulation

Bioconcentration tescs have been conducted on arsenic(III), arsenic(V),
and a number of orgamic arsenic compounds wich a variecy of freshwacer fish
and invercebraces (Table 5). The highesc bioconcencracion facctor (BCF) was'
17, which was obrained for inorganic arsenic(III) wich a snail (Spehar, ec
al. 1980). An early life-stage cest on arsenic(V) with cthe fachead minnow
(DeFoe, 1982) showed chat che BCF decreased wich inqreased exposure
concentracions in the water. BCFs were slightly lower (down co 1.2) ia
expaosure concencrations chac caused significapc adverse effects chan in chose
thact did not (Table 5).

| A study by Oladimeji, ec al. (1982) showed chac the precreatmenc of
rainbow crouc co arsenic(III) enhanced che eliminacion of a subsequent dose
of arsenic. Addicional resulrs indicaced thac fish recained less arsenic
afcer 4 weeks of exposure &han afcer 2 weeks.

In che one acceptable bioconcencracion tesc on'afsenic wicth a salcwacer
species, a BCF of 350 was obrained wich che oyster, Crassostrea virginica,
afcer 112 days of exposure (Zaroogian and Hoffman, 1982). 1In a resc chac'
only lasced 4 days, Nelsonm, et al. (1976) obcained a BCF of 15 wich che bay
scalloo (Table 6),

No Final Residue Value could be dectermined because no maximum permissi-

ble tissue concentracion is available for arsenic.

Ocher Data
~toer vata

Comparison of dacta for fish in Tables 1 and § indicates chac in almosc
all cases, arsenic toxicicy increased wich increased duration of exposure.

One value for che bluegill (Hughes and Davis, 1967) was an excepCion

10




resulcing in a low 48-hr LC50 of 290 pg/L. A special pellecized form of
sodium arsenite was used, which may have accounted for the low LC50. The
invertebrare data were too variable to indicate a ctrend in toxicity in regard
to duraction of exposure. | |
Spehar, ec al. (1980) compared the toxicities of different forms of
arsenic in the same water. In 28-day tests, inorganic arsenic(III) was more

toxic to the amphipod, Gammarus pseudolimnaeus, than inorganic arsenic(V),

sodium dimethyl arsenate, or disodium mechyl arsenace. Survival of
stoneflies, snails, and rainbow crour was not adversely affected by any of
the compounds at the concencrations tested.

Two studies on the effects of environmental faccors on the coxicity of
arsenic to frthwacer organisms have been reported. Soreason (1976¢) showéd
chat increased wacter remperacure decreased the median lechal cime of green
sunfish during exposure to two concencracions of arsénic(V) (Table 6). Lima,
ec al. (1984) found cthat the toxicity of inorganic ar;enic(III) to Daphnia
magna was decreased by about a factor of 3 when food was added in 48-hr cescs
compared to exposures in which food was not added. Additional exposhres
showed chat arsenic(III) did noc affect addicional unfed animals from 48 co
96 hours, indicating that cthe lack of food in these rests was not too sCress-
ful. Arsenic(III) increased albinism in channel cacfish (Wescerman and
Birge, 1978).

Exposures of embryos and larvae of rainbow trout and goldfish co
inorganic arsenic(III) resulted in values chéc were several rimes lower chan
- those for older juvenile stages of these species (Tables 1 and 6), and chese
values were lower chan the chronic values in Table 2. The lowest value

obtained in any test on arsenic, however, was 40 ag/L from a 7-day exposure
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of embryvos and larvae of the coad, Gascrophryne carolinensis, to inorganic

arsenic{III) (Birge, 1978). This value is about a faccor of 4.5 lower chan
the freshwater Final Chromic Value for idorgani; arsenic(IIL).

Bryan (1976) exposed the salctwacter polychaete worm, Nereis diversicolor,

to arsenic(III) and estimaced the 192-hr LC50 to be greater chan 14,500 ug/L
(Table 6). Arsenic(III) caused ocher effects, such as depressed oxygen
consumption rate and behavioral changes, in mud snails exposed to coancentra-

tions greacer chan 2,000 ug/L for 72 hours (MacInnes and Thurberg, 1973).

Unused Data

Some daca on the effects of arsenic on aquatic organisms were not used
because cthe studies were conducted wich species that are noct resident in
Norch America. Daca were not used if arsenic was a component of a mixcure
(Thomas, ec al. 1980; Wong, et al. 1982). Reviews by Chapman, ec al. (1968),
Eisler (1981), Eisler, er al. (1979), Kaiser (1980), Phillips and Russo
(1978), Taylor (1981), Thompson, et al. (1972), and U.S. EPA (1975, 1976b)
only contain daca that had been published elsewhere.
| Data in Dabrowski (1976), Paladino (1976), and Paladino and Sporila
(1978) and one value in Mount and Norberg (1984) were not used because
control survival was coo low. Scudies by Eipper (1§59), Grindley (1946),
Irgolie, et al. (1977), and Sporila and Paladino (1979) were noc used because
insufficient decail was reported abour such icems as use of’controls and
concrol survival or because mecthodology problems occurred during the cescs
which made.ché results questionable. .Bripgmann and Kuhn (1982) culcured

Daphnia magna in one wacer buc coanducted tests in anocher wacer. Tescs by

Comparetto, ec al. (1982), Jones (1940, 1941), Schaefer and Pipes (1973),

12




Scary and Kratzer (1982), and Weir and Hine (1970) were not included because
the medium or dilucion water was unacceptablé.

Papers by Baker, et al. (1983), Belding (1927), Brunmskill, ec al.
(1980), Budd and Craig (1981), Chriscensen (1971), Chriscemsen and Tucker
(1976), Chriscensez and Zielski (1980), Conway (19785, Devi Prasad and
Chowdary (1981), Hilcibran (1967), Jennect, et al. (1982), Lawrence (1958),
Maeda, et al. (1983), McLarcy (1960), Morris, ec al. (1984), Nissen and
Benson (1982), Oladimeji, ec al. (1979, 1982, 1984b), Oncario Water Resources
Commission (1959), Penrose (1975), Planas and Lamarche (1983), Surber (1943),
and Wescerman and Birge (1978) were noct used because the species names were
not given, che concentrations causing effects or che effect endpoincs were
not clearly reported or defined, or no tesc effects were given. Johnson
(1978) was not used because the fish were not acclimacted to the cest wacer
for a sufficient amount of time after colleccion from che field. A scudy by
Passino and Kramer (1980) on che effects of arsenic on Lake Superior cisco
fry was not used because fry were obrtained from eggs and sperm of two
different species,

Several papers dealing wich cthe accumulacion of arsenic in aquatic
organisms, including chose by Brooks, et al. (1982), Bryan, er al. (1983),
Copeland, et al. (1973), Dupree (1960), Ellis (1937), Ellis, ec al. (1941),
Foley, et al. (1978), Gibbs, er al. (1983), Harden (1976), Huncer, ecr al.
(1981), La Touche and Mix (1982), Maher (1983), Marcin, ec al. (1984), May
and McKinney (1981), Mehrle, et al. k1982), Penningcton, ecr al. (1982), Reay
(1972), Sandhu (1977), Sohacki (1968), Sorenson, et al. (1979, 1980), Scary,
et al. (1982), Tsui and McCarc (1981), Wageménn, et al. (1978), Whyce and

Englar (1983), and Wiebe, et al. (1931), were not used because the tests were
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conducted in distilled water, were not long enough, or were noc flbw~chrough,
or because the concentration of arsenic - in che cest solucion during che cesc
varied unacceptably or was unknown. BCFs calculated by Andersoun, er al.
{1979), lsensee, et al. (1973), Klumpp and Pecerson (1981), Schuch, ec al.
(1974), and Woolson, et al. (1976) were not used because they were calculaced
from microcosm or model ecosystem sctudies in which wacer concencracions
decreased with time or were obrained after Qhorc exposures before

steady=-scate was reached.

Summarz

The chemistry of arsenic in wacer is complex and che form presenc in
solucion is dependent on such environmental condicions as Eh, pH, organic
concenc, suspended solids, and sediment. The relative coxicicties of che
various forms of arsenic apparehtly vary from species to species. For
inorganic arsenic(III) acuce values for sixceen freshwarer animal species
ranged from 812 ug/L for a cladoceran to 97,000 ug/L for a midge, buc the
three acute-chronic racios only ranged from 4.660 to 4.862. The five acure
values for inorganic aréénic(V) covered about che same range, buc ﬁhe single
acuce-chronic racio was 28.71. The six acute values for MSMA ranged from
3,243 to 1,403,000 ug/L. The freshwater residue daca indicaced chac #rsenic
Ls not bioconcentraced to a high degree but that lower forms of aquatic life
may accumulate higher arsenic residues chan fish. The low bioconcentracion
faccor and short half-life of arsenic in fish cissue suggésc thac residues
should not be a problem to predators of aquatic life.

The available data indicate thac freshwater plants differ a greac deal

as co cheir sensitivicy co arsenic(III) and arsenic(V). In comparable tests,
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cthe alga, Selenastrum capricornucum, was 45 times more sensitive co

arsenic(V) chan to arsenic(III), alchough other daca presenc conflicring
information on the sensitivicy of this alga to arsenic(V). Many planc values
for inorganic arsenic(IIIj were in the same range as che available chronic
values for freshwater animals; several plant values for arsenic(V) were lower
than che one available chronic value.

The ocher toxicological daca reveﬁled a wide range of ctoxicity based on
ctescs with a variecy of freshwacer species and endpoincts. Tescs wiﬁh early
life scages appeared to be cthe most sensitive indicator of arsenic toxicity.
Values obicrained from this type of test wich inorgani; arsenic(III) were lower
than chronic values conrained in Table 2. For example, an effect concentra-
tion of 40 ug/L was obrained in a rest on inorganic arsenic(III) wicth embryos
and larvae of a toad.

Twelve species of saltwater animals have acute values for inorganic
arsenic(III) from 232 co 16,030 ug/L and ;he single acute-chronic racio is
1.945. The only values available for inorganic arsenic(V) are for cwo
invercebraces and are between 2,000 and 3,000 ug/L. Arsenic(III) and
arsenic(V) are equally toxic to various species of salcwater algae, bur che
sensicivicies of che species range from 19 ug/L to more chan 1,000 ug/L. 1In

a test with an oyscter, a BCF of 350 was obtained for inorganic arsenic(III).

National Criceria

The procedures described in che "Guidelines for Deriving Numerical
Nacional Wacter Quality Criceria for che Protecrion of Aquatic Organisms and
Their Uses" indicace thac, except possibly where a locally imporcant species
is very sensitive, freshwacer aquatic organisms and cheir uses should not be

affected unacceptably if the four-day average concencration of arsenic(IIT)
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does not exceed 190 ug/L more chaﬁ once every chree years on the average and
if che one~hour average concencfacion does noc exceed 360 ug/L more than once
every three years on the average. |

The procedures described in the "Guidelines for Deriving Numerical
Nacional Water Quality Criteria for the Proteccion of Aquacic Organisms and
Their Uses'" indicacte thac, except possibly where a locally imporcanc species
is very sensicive, saltwater aquactic organisms and cheir uses should noc be
‘affected unaccepcably if che four-day average concenctration of arsenic(III)
does noct exceed 36 ug/L more than once every three years on the average and
if che one-hour average concentration does noc éxceed 69 ug/L more cthan once

every three years on the average. This cricerion mighct be too high wherever

Skeleconema costactum or Thalassiosira aescivalis are ecologically imporcanc.

Not enough daca are available co allow derivation of numerical nacional
wacer qualicy criceria for freshwater aquacic life for inorganic arsenic(V)
or any organic arsenic compound. Inorganic arsenic(V) is acucely toxic co
freshwater aquatic animals ac concencracions as low as 850 ug/L and an
acute-chronic racio of 28 was obtained with the fachead minnow. Arsenic(V)
affected freshwater aquacic plants act concentracions as low as 48 pg/L.
Monosodium mecthanearsenace (MSMA) is acutely toxic to aquatic animals ac
concencrations as low as 1,900 ug/L, but no dara are available concerning
chronic coxicity to animals or toxicicty co plants.

Very few data are available concerning the toxicicy of any form of
arsenic ocher than inorganic arsenic(III) co salcwacer aquacic life. The
available daca do show chat inorganic arsenic(V) is acucely coxic cto salc-
wacer animals at concentracions as low as. 2,319 ug/L and affected some

saltwacer plancs at 13 co 56 ug/L. No daca are available concerning che
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chronic toxicicy of any form of arsenic other chan inorganic arsenic(III).to
salcwater aquatic life.

EPA believes that a measurement such as "acid-soluble" would provide a
more scientifically correctc basis upon which to escablish criceria for
metals. The criceria were develcoped on this basis. However, at this cime,
no EPA approved methods for such a measurement are available to implement rthe
criteria through the regulatory programs of rhe Agency and che Scaces. The
Agency is considering developmenﬁ and approval of methods for a measurement
such as "acid-soluble". Uncil available, however, EPA recommends applying
the criceria using che cocal fecoverable method. This has ctwo impacts: (1)
cercain species of some mecals cannoc be analyzed direcctly because the cocal
recoverable merhod does not disctinguish bectween individual oxidation states,
and (2) chese criteria may be overly procective when based on the cocral
recoverable mechod.

The recommended exceedence frequency of three years is the Agency's besc
sciencific judgment of cthe average amounc of time it will take an unstressad
sysctem to recover from a pollurion event in which exposure to arsenic(IIIL)
exceeds cthe cricerion. Scressed sysctems, for example, one in which several
oucfalls occur in a limiced area, would be expecred to require ﬁore time for
recovery. The resilience of ecosystems and cheir abilicy co recover differ
greacly, however, and sice-specific cricéria may be established if adequace
justificacion is provided.

The use of criteria in designing wasce treatment facilicies requires che
seleccion of an appropriate wasteload allocation model.” Dynamic models are
preferred for che application of these criceria. Limited data or ocher

factors may make their use impractical, in which case one should rely on a
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steady-stace model. The Agency recommends che interim use of 1Q5 or 1Ql0 for
Cricerion Maximum Concencracion (CMC) design flow and 7Q5 or 7Q10 for che
Cricerion Conctinuous Concencration (CCC) design flow in.steady-scate models
for unscressed and scressed systems respecctively. These matcers are
dﬁscussed in more decail in che Technical Support Document for ﬁater

Qualicy-Based Toxics Control (U.S. EPA, 1985).
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