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FOREWORD

Seccion 304(a)(l) of the Clean Water Act of 1977 (P.L. 95-217) requires
the Administrator of the Environmental Protection Agency to publish criceria
for water qualiry accurarely refleccing the laresr scientific knowledge on
the kind and exrent of all idencifiable effeccs on healcth and welfare which
may be expected from the presence of pollutancts in any body of wacer,
including ground water. This document is a revision of proposed criceria
based upon a consideration of commencs received from other Federal agencies,
State agencies, special interest groups, and individual scientiscs. The
cricteria contained in this document replace any previously. published EPA
aquactic life criceria.

The term "water quality cricteria" is used in two seccions of the Clean
Water Act, secction 304(a){(1) and secrion 303(c)(2Z). The term has a different
program impact in each seccion. In seccion 304, che cerm represencs a
non-regulacory, sciencific assessment of ecological effects. The criteria
presented in cthis publicaction are such sciencific assesswments. Such water
qualicy criceria associaced with specific stream uses when adopted as Stacte
water quality scandards under section 303 become enforceable maximum
acceprable levels of a pollutant in ambient wacters. The water quality
criteria adopted in the State water quality standards could have cthe same
numerical limics as the criceria developed under section 304. However, in
many sicuacions States may want co adjust water qualicy criteria developed
under section 304 to reflect local environmental condictions and human
exposure patterns before incorporation into water qualicy scandards. It is
not until cheir adopcion as parct of che Stare wacer quality standards chat
the c¢riceria become regularory

________ veciie L —odaLLL Y .

Guidelineg £o agssisc rhe Srares in the modificarion of crirceria
presented in this documenc, in che development of warer quality scandards,
and in other warer-relacted programs of this Agency, have been developed by
EPA.
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Introduccion*

Arsenic is found in all living organisms, including those in aquatic
systems. Little is known about the mechanisms of arsenic toxicity co aquatic
organisms; however, arsenic readily forms stable bonds to sulfur and carbon
in organic compounds. Like mercury, arsenic(III) reacts with sulfhydryl
groups of proteins; enzyme inhibicion by this mechanism may be the primary
mode of coxicity. Arsenic(V) does not react wich sulfhydryl groups as
readily but may uncouple oxidacive phosphorylacion (Fowler, et al. 1977;
Schiller, ec al. 1977).

The chemisctry of arsenic in water is complex, consisting of chemical,
biochemical, and geochemical reactiong which togecher control the conceatra-
tlon, oxidation state, and form of arsenic in wacer (Braman, 1983; Callahan,
et al. 1979; Holm, et al. 1979; Scudlark and Johnson, 1982). Four arsenic
species common in natural wacers are inorganic arsenic(III) and arsenic(V),
mechanearsonic acid, and dimechylarsinic acid. In aerobic water, inorganic
arsenic(III) is slowly oxidized to arsenic(V) at neutrral pH, but che reaction
proceeds meagsurably in several days in scrongly alkaline or acidic solucioaus.
Because the chemical and toxicological propercies of the forms appear to be
quice different and the ctoxicicties of the forms have not been shown to be
addicive, the daca for inorganic arsenic(IIl), inorganic arsenic(V), mono-
sodium methanearsonate (MSMA), and octher arsemic compounds will be creaced
separactely. Mechods have been developed for separately measuring chese forms

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

*An undersctanding of the "Guidelines for Deriving Numerical National Water
Qualicty Criceria for the Protection of Aquatic Organisms and Their Uses"
(Scephan, er al. 1985), hereafter referred to as the Guidelines, is necessary
in order to understand the following text, tables, and calculacions.
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Because of the variety of forms of inorganic arsenic(III) and inorganic
arsenic(V) and lack of definitive informacion about their relative
toxicities, no available analyrical measurement is known co be ideal for
expressing aquatic life criceria for arsenic. Previous aquacic life criceria
for arsenic (U.S. EPA, 1980) were expressed in terms of tocal recoverable
inorganic arsenic(III}, but che total recoverable method cannot distinguish
becween inorganic arsenic(III) and arsenic(V). Acid~soluble arsenic(III)
(operationally defined as cthe arsenic(III) chac passes through a 0.45 um
membrane filter after the sample is acidified co pH = 1.5 to 2.0 wich nicric
acid) and acid-soluble arsenic(V) are probably the best measurements ac che
present for the following reasons:

1. These measurements are compatible wich all available data concerning
coxicity of arsenic to, and bioaccumulacion of arsenic by, aquatic
organisms. No test results were rejected jusc because it was likely thac
they would have been substantially different if chey had been reported in
terms of acid-soluble arsenic.

2. On samples of ambient water, measurement of acid-soluble arseaic(III) and
arsenic(V) should measure all forms of arsenic that are coxic to aquatic
life or can be readily converted cto toxic forms under natural condicions.
In addition, these measurements should not measure several forms, such as
arsenic thac is occluded in minerals, clays, and sand or is scrongly
sorbed to particulate macter, cthact are noc toxic and are not likely to
become toxic under natural conditions.

3. Although water qualicy criteria apply to ambient water, che measuremencts
used to express criteria are likely to be used to measure arsenic in

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



arsenic(V) should be applicable to effluents. If desired, dilution of
effluent with receiving wacer before measurement of acid-soluble arsenic
might be used co determine whecher the receiving water can decrease the
concentraction of acid=-soluble arsenic because of sorprion. However, the
relacionship between whac is in an effluent and whact will resulc in the
receiving wacer should take incto account any conversion of one oxidation
state of arsenic to the other.

The acid-soluble measurement should be useful for most mecals, chus
minimizing the number of samples and procedures chat are necessary.

The acid-soluble measurement does not require filtration at the time of
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acidificarion and filtracion probably will noct affect che measuremenc of
total acid-soluble arsenic. However, acidification might not prevent
conversion of inorganic arsenic(III) to arsenic(V) or vice versa.
Therefore, measurement of acid-soluble arsenic(III) or acid-soluble
arsenic(V) or both will probably require separation or measurement at che
time of collection of the sample or special preservarion to prevent
conversion of one oxidaction scace of arsenic to the ocher.

The carbonate sysctem has a much higher buffer capacicy from pH = 1.5 co
2.0 cthan ic does from pH = 4 cto 9 (Weber and Scumm, 1963).

Differences in pH wichin che range of 1.5 to 2.0 probably will aoc affecc

the result substantially.



9. The acid-soluble measurement does nor require a digestion step, as does
the ctotal recoverable measuremenc.

10. After acidificarion and filcracion of the sample to isclate che
acid-soluble arsenic, the analysis can be performed using eicher atomic
absorption speccroscopy or ICP-emission spectroscopy for eicher coral
acid-soluble arsenic or tocral acid-soluble inorganic arsenic (U.S. EPA,
19832). It might be possible to separacely measure acid-soluble
arsenic(III) and acid-soluble arsenic(V) using the mecthods described by
Grabinski (1981) and Irgolic (1982),

11. It is not possible to separately measure total recoverable arsenic(III)
and tocal recoverable arsenic(V).

Thus, expressing aquatic criceria for arsenic in terms of the acid-soluble

measurement has both roxicological and pracrical advantages. On che ocher

hand, because no measurement is knmown to be ideal for expressing aquacic life
criceria for arsenic or for measuring arsenic in ambient water or aqueous
effluents, measurement of bocth cotal acid-soluble arsenic and total
recoverable arsenic in ambient wacter or effluent or borth might be useful.

For example, there might be cause for concern if total recoverable arsenic is

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

below cthe limic.

Unless ocherwise nocted, all concentracions reported herein are expected
to be essentially equivalenct to acid-soluble arsenic concentracions. All
concentracions are expressed as arsenic, not as the chemical tesced. The
criteria presented herein supersede previous aquacic life wacer qualicy
criceria for arsenic (U.S. EPA, 1976a, 1980) because these new criceria were

derived using improved procedures and addicional informaction. Whenever



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

document was conducted in May, 1984; some newer informarion was also used.

Acure Toxicity to Aquatic Animals

Inglis and Davis (1972) found that hardness did not affect che coxicicy
of inorganic arsenic(III) co the bluegill. The facthead minnow was much less
sensitive to arsenic trisulfide (Table 6) than to sodium arsenicte (Table 1).
Cenus Mean Acute Values (Table 3) were calculaced as geometric means of che
sixteen available Species Mean Acuce Values (Table 1). Acure values are
available for two species in each of two genera and cthe range of Species Mean
Acucte Values wicthin each genus is less chan a faccor of 3.3. Four cruscacean
genera are much more sensicive chan che other tested invertebrace and fish
genera. Both che mosc resiscant genus, Tanyrarsus, and che most sensitcive
genus, Gammarus, are invertebrates, but Gammarus is 110 cimes more sensicive
than Tanyrarsus. A freshwacer Final Acucte Value of 718.2 ug/L for inorganic
arsenic(III) was calculated from the Genus Mean Acute Values (Table 3) using
the 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 Acuce Values ranged from 850 .g/L for a
cladoceran to 49,000 ag/L for che mosquicofish (Table 1). Inorganic
arsenic(V) was slighrtly more toxic than arsenic(III) to rainbow trouc, but

arsenic(III) was nearly twice as toxic to the facthead minnow and Daphnia

magna.



The acute sensitivities of eight species exposed to MSMA range from
1,921 ug/L for the bluegill to 1,403,000 pg/L for cthe channel cacfish (Table
1). The fathead minnow was approximactely 12 times more sensitive to MSMA
than to sodium arsenate and che goldfish, facthead minnow, and bluegill were
approximately 5 to 22 times more sensicive to MSMA chan to sodium arsenice.
Channel cacfish and amphipods, however, were much less sensitive to MSMA than
sodium arsenirce.

Noct enough acute values are available for calculation of freshwater
Final Acute Values for inorganic arsenic{(V) or MSMA.

Data are available on the acute toxicity of inorganic arsenic(III) to
saltwarer species in chree fish and eight invertebrate genera (Tables 1 ard
3). The fish species tested were the most resistanct with a range of LC50s
from 12,700 ug/L for cthe sheepshead minnow to 16,030 ug/L for che Aclancic
silverside. Among cthe invertebraces, the lowest acucte value, 232 ug/L, was
obtained wicth zoeae of cthe Dungeness crab whereas the highesc value, 10,120

4g/L, was from a test with the polychaete worm, Neanches arenaceodentara.

Interestingly, che acute value for the Pacific oyster is almost as low as
that for the Dungeness crab, but that for the eastern oyster is almostc as
high as chat for cthe polychaete worm. 1In addicion, Alderdice and Brecct
(1957) obtained a 48-hr LC50 of 8,300 ug/L with arsenic crioxide to chum
salmon (Table 6). Holland, et al. (1960) decermined a 10~day LC54 of 3,787
4g/L for the pink salmon, whereas Curtis, et al. (1979) reported a 96-hr LC50
of 24,700 ug/L for arsemnic trisulfide in tests with juvenile white shrimp
(Table 6). Of the eleven Genus Mean Acute Values in Table 3, all eight for
invertebrates are lower chan che three for fish. The most sensicive genus,

Cancer, is 69 times more sensitive chan the most resistanc, Menidia. The



saltwater Final Acute Value for inorganic arsenic(III) is 137.1 ug/L, which
is about one-half the lowest Species Mean Acuce Value.
Data are available for inorganic arsenic(V) wicth two salcwater species.

The toxicity of arsenic(V) to a mysid, Mysidopsis bahia, (LC50 = 2,319 .g/L)

is similar co chac of arsenic(III) (LCS50 = 1,740 ug/L). Arsenic(V) is more

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

Acuce Values are 4,610 pug/L for arsenic(V) and 8,227 ug/L for arsenic(III),
Not enough data are available to calculace a salctwater Final Acure Value for

inorganic arsenic(V).

Chronic Toxicity to Aquatic Animals

Three chronic tests have been conducted on inorganic arsenic(III) wich

freshwater species (Table 2). A life-cycle cest with Daphnia magna (Call, et

al. 1983; Lima, et al. 1984) resulred in a chronic value of 914.1 ug/L based
on chronic limics of 633.0 and 1,320 4g/L. The 96—~hr LCS50 for chis species
in che same study was 4,340 ug/L, resulcing in an acute-chronic ratio of
4.748. The chronic values for the fathead minnow and flagfish exposed co
arsenic(III) were approximacely che same. The 96-hr LC50 values for the 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 salctwater species are

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

life-cycle test on arsenic(III), no adverse effects were sctacistically
significant ac 631 ug/L, whereas 1,270 .g/L affecced reproduccion and
significancly reduced survival. These results provide a chronic value of

B95.2 ug/L and an acute-chronic racio of 1.944,



The four acucte-chronic ratios available for inorganic arsenic(III) are
4,748, 4.660, 4.862, and 1.944 and che geometric mean of 3.803 is che Final
Acute-Chronic Ratio. Division of the freshwater and saltwater Final Acuce
Values by this racio resulcts in freshwacer and salcwacter Final Chronic Values
of 188.9 and 36.05 ug/L, respectively (Table 3).

An early life-stage tesc with che fathead minnow (DeFoe, 1982) exposed
to arsenic(V) resulted in chronic limits of 530 and 1,500 ug/L and a chronic
value of 891.6 ag/L. The 96-hr LC50 for chis species in che same study was
25,600 ug/L producing an acute-chrcanic rario of 28.71 (Table 2). A
life-cycle cest with.Daphnia magna (Biesinger and Chriscensen, 1972) (Table
6) exposed to arsenic(V) was not used in the calculation of a chronic value
because the cest concentrations were not measured as specified in che
Guidelines. However, the chronic limits in chis ctest were 520 and 1,400 pg/L
and the comparable acute value was 7,400 ug/L, resulting in an estimated
acuce-chronic racio of 8.7,

The fachead minnow was approximacelv 3 times more sensitive on a chronic

basis to arsenic{(V) than to arsemic(III), but Daphnia magna appeared to be

equally sensitive to bocth forms cf inorganic arsenic. No chronic tests have

been conducted on MSMA or any other organic arsenic compound.

Toxicity to Aquatic Plauts

Adverse effects were observed at concentracions of arsenic(III) ranging
from 2,320 ug/L for three species of algae and one submerged planc to over

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

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

comparable o the acute values for some cof rhe m



species (Table 1) and to che chronic values reporced for che fathead minnow
and flagfish (Table 2).

Concentrations of inorganic arsenic(V) chat caused adverse effects on
six species of freshwater algae ranged from 48 to 202,000 ug/L (Table 4). A
14-day EC50 value of 48 ug/L obtained for the most sensicive alga,

was 18 rimes lower than the lowest acuce value and

-
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for four species of microalgae and two species of macroalgae (Table 4).

Growth of the saltwater diatoms, Skeletonema costatum and Thalassiosira

aestivalis, was affected at 20 ug/L and .22 ug/L,.respeccively, and photosyn-
thesis of S. costatum was reduced at 19 ug/L. These values are less than che
Final Chronic Value for arsenic(III) bur the ecological implicacioas of
reduced growcth on these species is uncertain. Boney, ec al. (1959) showed
thac arsenic(III) inhibicted che development of sporelings of che red

macroalga, Plumana elegans, at 577 ug/L. In addicion, formacion of macture

cystocarps by another red macroalgae, Champia parvula, was prevented ac 95

ug/L and growth of female plants was reduced acr 145 ug/L.

Data on the toxicity of arsenic(V) co saltwacter plants are available for
four species of microalgae and one species of macroalgae (Table 4). Based
upon chese data, cthere is no significanct difference becween cthe coxicity of
arsenic(III) and arsenic(V) to the plant species tested. Thursby and Sceele
(1984) found thact phosphate decreased che toxicity of arsenic(V) co Champia

parvula, but did noct affect che toxicity of arsenic(III).
9



Bioaccumulation

Bioconcentration tescs have been conducted on arsenic(III), arsenic(V),
and a number of organic arsenic compounds with a variecy of freshwacer fish
and inverctebraces {Table 5). The highest bioconcentracion factor (BCF) was
17, which was obtained for inorganic arsenic(III) with a snail (Spehar, et
al. 1980). An early life-stage tesc on arsenic(V) with che fathead minnow
(DeFoe, 1982) showed that che BCF decreased with increased exposure
concencracions in che wacer. BCFs were slighcly lower (down to 1.2) in
exposure concentrations chat caused significant adverse effects chan in those
that did noc (Table 5).

A scudy by Oladimeji, ecr al. (1982) showed thac the pretreatment of
rainbow trout co arsenic(III) enhanced che elimination of a subsequent dose
of arsenic. Addicional results indicated that fish recained less arsenic
afrer 4 weeks of exposure chan after 2 weeks.

In che one acceptable bioconcentracion test on arseaic with a salcwater

species, a BCF of 350 was obtained wich the oyster, Crassostrea virginica,

after 112 days of exposure (Zaroogian and Hoffman, 1982). 1In a cest that
only lasced 4 days, Nelson, et al. (1976) obtained a BCF of 15 wich che bay
scalloo (Table 6).

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

ble tissue concentration is available for arsenic.

Ocher Data
Comparison of data for fish in Tables 1l and 6 indicates cthat in almost
all cases, arsenic toxicity increased with increased duration of exposure.

One value for the bluegill (Hughes and Davis, 1967) was an exception

10



resulring in a low 48-hr LC50 of 290 pug/L. A special pellecized form of
sodium arsenite was used, which may have accounted for che low LC50. The
invertebrate data were too variable to indicate a trend in toxicity in regard
to duracion of exposure.

Spehar, et al. (1980) compared the toxicities of differenc forams of
arsenic in the same water. In 28-day tests, inorganic arsenic(III) was more

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

sodium dimethyl arsenate, or disodium merhyl arsenate. Survival of
stoneflies, snails, and rainbow trouc was not adversely affected by any of
the compounds at the concentracions tesced.

Two scudies on the effects of emvironmencal factors on che toxicity of
arsenic to freshwacer organisms have been reported. Sorenson (1976c) showed
that increased water cemperacture decreased the median lechal time of green
sunfish during exposure to two concencrations of arsénic(V) (Table 6). Lima,
ec al. (1984) found thac che toxicity of .inorganic.arsenic(III) co Daphnia
magna was decreased by about a faccor of 3 when food was added in 48-hr cescs
compared to exposures in which food was not added. Additional exposures
showed that arsenic(III) did not affect addictional unfed animals from 48 to
96 hours, indicacing thar che lack of food in these tests was not too stress-
ful. Arsenic(III) increased albinism in channel catfish (Westerman and
Birge, 1978).

Exposures of embryos and larvae of rainbow trouct and goldfish to
inorganic arsenic(III) resulted in values that were several cimes lower chan
those for older juvenile scages of these species (Tables 1 and 6), and chese
values were lower cthan the chronic values in Table 2. The lowest value

obtained in any test on arsenic, however, was 40 ug/L from a 7-day exposure
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of embryos and larvae of che toad, Gascrophryne carolinensis, to inorganic

arsenic(III) (Birge, 1978). This value is about a factor of 4.5 lower chan
the freshwarer Final Chronic Value for inorgamic arsenic(III).

Bryan {1976) exposed the salcwarer polychaece worm, Nereis diversicolor,

to arsenic(III) and estimated che 192-hr LC50 to be greater cthan 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 concencra-

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

Unused Data

Some data on the effects of arsenic on aquatic organisms were not used
because the studies were conducted wicth species chat are nort resident in
North America. Dara were not used if arsenic was a component of a mixture
(Thomas, et al. 1980; Wong, et al. 1982). Reviews by Chapman, et al. (1968),
Eisler (1981), Eisler, ec al. (1979), Kaiser (1980), Phillips and Russo
(1978), Taylor (1981), Thompson, et al. (1972), and U.S. EPA (1975, 1976b)
only concain dacta that had been published elsewhere.

Daca in Dabrowski (1976), Paladino (1976), and Paladino and Spotila
(1978) and one value in Mount and Norberg (1984) were not used because
control survival was too low. Studies by Eipper (1959), Grindley (1946),
Irgolic, et al. (1977), and Sporila and Paladino (1979) were not used because
insufficient detail was reported abour such ictems as use of controls and
control survival or because mechodology problems occurred during tha tescs
which made the results questionable. Bringmann and Kuhn (1982) culcured

Daphnia magna in one water bur conducced tests in another water. Tests by

Comparetto, et al. (1982), Jomes (1940, 1941), Schaefer and Pipes (1973),
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Scary and Kratzer (1982), and Weir and Hine (1970) were not included because
the medium or diluction water was unacceptable.

Papers by Baker, ec al. (1983), Belding (1927), Brunskill, ec al.
(1980), Budd and Craig (1981), Christensen (1971), Chriscensen and Tucker
(1976), Chriscensen and Zielski (1980), Conway (1978), Devi Prasad and
Chowdary (1981), Hilcibran (1967), Jennect, et al. (1982), Lawrence (1958),
Maeda, et al. (1983), McLarcy (1960), Morris, et 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 Westerman and Birge (1978) were not used because the species names were
not given, the concentrations causing effects or the effect endpoints were
not clearly reported or defined, or no test effects were given. Johnson
(1978) was not used because the fish were nor acclimated to che cest water
for a sufficient amount of time afrer collecrion from the field. A study by
Passino and Kramer (1980) on the effects of arsenic. on Lake Superior cisco
fry was nor used because fry were obtained from eggs and sperm of two
different species.

Several papers dealing with the accumulaction of arsenic in aquacic
organisms, including those by Brooks, ec al. (1982), Bryan, et al. (1983),
Copeland, et al. (1973), Dupree (1960), Ellis (1937), Ellis, er al. (1941),
Foley, ec al. (1978), Gibbs, et al. (1983), Harden (1976), Huncer, et al.
(1981), La Touche and Mix (1982), Maher (1983), Martin, ec al. (1984), May
and McKinney (1981), Mehrle, et al. (1982), Pennington, ec al. (1982), Reay
(1972), Sandhu (1977), Sohacki (1968), Sorenson, er al. (1979, 1980), Stary,
et al. (1982), Tsui and McCarc (1981), Wagemann, ec al. (1978), Whyte and

Englar (1983), and Wiebe, er al. (1931), were not used because the tests were
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conducced in distilled wacer, were not long enough, or were not flow-through,
or because the concentration of arsenic in the cest solution during the cest
varied unacceptably or was unknown. BCFs calculated by Anderson, ec al.
(1979), Ilsensee, er al. (1973), Klumpp and Peterson (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 water concentracions
decreased with time or were obtained after short exposures before

steady-scace was reached.

Summar

The chemistry of arsenic in warer is complex and che form present in
solution is dependent on such enviroumental condicions as Eh, pH, organic
concent, suspended solids, and sediment. The relative toxicicies of che
various forms of arsenic apparently vary from species to species. For
inorganic arsenic(III) acute values for sixreen freshwater animal species
ranged from 812 ug/L for a cladoceran to $7,000 ug/L for a midge, bucr che
three acute-chronic ratios only ranged from 4.660 to 4.862. The five acute
values for inorganic arsenic(V) covered about the same range, but che single
acute-chronic racio was 28.71. The six acute values for MSMA ranged from
3,243 to 1,403,000 ug/L. The freshwater residue data indicaced chac arseaic
is not bioconcentrated to a high degree but cthat lower forms of aquacic life
may accumulace higher arsenic residues than fish. The low bioconcencracion
factor and shorc half-life of arsenic in fish cissue suggest chact residues
should noc be a problem to predators of aquatic life.

The available data indicate rhat freshwater plancs differ a great deal

as to cheir sensitivicy cto arsenic(III) and arsenic(V). In comparable tescts,



the alga, Selenastrum capricornutum, was 45 times more sensitive co

arsenic(V) than to arsenic(III), although other daca present conflicring
informacion on the sensicivicty of chis alga to arsenic(V). Many plant values

for inorganic arsenic(IIl) were in the same range as the available chronic

values for freshwater animals; several plant values for arsenic(V) were lower
than cthe one available chronic value.

The octher toxicological data revealed a wide range of toxicity based on
tests wich a variecy of freshwacer species and endpoints. Tests wich early
life scages appeared to be the most sensitive indicator of arsenic toxicicy.
Values obtained from this type of test wirth inorganic arsenic(III) were lower
than chronic values concained in Table 2. For example, an effect concencra=-
tion of 40 pg/L was obtained in a test on inorganic arsenic(III) with embryos
and larvae of a coad.

Twelve species of salrwater animals have acute values for inorganic
arsenic(III) from 232 to 16,030 ug/L and che single acucte-chronic racio is
1.945., The only values available for inorganic arsenic(V) are for two
invertebrates and are between 2,000 and 3,000 ug/L. Arsenic(III) and
arsenic(V) are equally toxic to various species of saltwater algae, but cthe
sensicivities of the species range from 19 ug/L to more chan 1,000 ag/L. In

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

National Criteria

The procedures described in cthe '"Guidelines for Deriving Numerical
National Water Qualicy Criceria for che Procecrion of Aquatic Organisms and
Their Uses" indicare 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 concenctration of arsenic(III)
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does not exceed 190 ug/L more than once every three years on the average and
if che one-hour average concentration does not exceed 360 ug/L more chan once
every three years on the average.

The procedures described in the "Guidelines for Deriving Numerical
Nactional Wacter Qualicy Criceria for cthe Protection of Aquatic Organisms and
Their Uses" indicace thact, except possibly where a locally imporcant species
is very sensicive, salctwater aquatic organisms and their uses should not be
affecred unaccepctably if the four-day average concencracrion of arsenic(III)
does not exceed 36 ug/L more chan once every three years on the average and
if the one-~hour average concentration does not exceed 69 ug/L more chan once
every chree years on cthe average. This criterion might be too high wherever

Skeletonema costactum or Thalassiosira aestivalis are ecologically important.

Not enough dara are available to allow derivarion of numerical nacional
water qualicty criceria for freshwacer aquacic life for inorganic arsenic(V)
or any organic arsenic compound. Inorganic arsemic(V) .is .acuctely coxic to
freshwacter aquatic animals at concentracions as low as 850 ug/L and an
acucte-chronic ractio of 28 was obtained with the fathead minnow. Arsenic(V)
affecred freshwater aquatic plants act concenctractions as low as 48 ug/L.
Monosodium mechanearsenate (MSMA) is acutely ctoxic to aquatic animals at
concenctracions as low as 1,900 ug/L, but no data are available concerning
chronic coxicity to animals or toxicicy co plancs.

Very few data are available concerning the toxicity of any form of
arsenic other than inorganic arsenic(III) co saltwacer aquacic life. The
available data do show that inorganic arsenic(V) is acutely toxic to salc-
wacer animals at concentrations as low as 2,319 pg/L and affected some

saltwacer plants at 13 to 56 pug/L. No daca are available concerning che
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chronic toxicity of any form of arsenic other chan inorgamnic arsenic(III) co
salcwacter aquatic life.

EPA believes that a measurement such as "acid-soluble" would provide a
more scientifically correcc basis upon which cto establish criteria for
metals. The criceria were developed on this basis. However, at cthis time,
no EPA approved mechods for such a measurement are available to implement cthe
criceria through the regulatory programs of the Agency and cthe Scactes. The
Agency is considering development and approval of mechods for a measuremenc
such as "acid-soluble'". Uncil available, however, EPA recommends applying
the criceria using the total recoverable method. This has two impacts: (1)
cercain species of some mecals cannot be analyzed directly because the cocal
recoverable method does not distinguish between individual oxidacion staces,
and (2) these cricteria may be overly procective when based on the tocal
recoverable mechod.

The recommended exceedence frequency of three years is the Agency's bestc
scientific judgment of cthe average amount of ctime it will take an unsctcressed
syscem to recover from a pollution event in which exposure to arsenic(III)
exceeds che criterion. Sctressed systems, for example, one in which several

outfalls occur in a limiced area, would be expecced to require more cime for

recovery. The resilience of ecosystems and cheir ability co recover differ
greacrly, however, and sire-specific criceria may be escablished if adequace
ineri ficarion 1ia nravidad.
justification is provided.
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steady-stacte model. The Agency recoumends the interim use of 1Q5 or 1Ql0 for
Criterion Maximum Concenctration (CMC) design flow and 7Q5 or 7Ql0 for che
Criterion Continuous Concentracion (CCC) design flow in steady-stace models
for unsctressed and scressed systems respectively. These maccers are
discussed in more decail in cthe Technical Support Document for Warer

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

Snall,
Aplexa hypnorum

Cladoceran,
Cer lodaphnia reticulata

Cladoceran,

Daphnla maqna

Cladoceran,
Daphnia magna

Cladoceran,

Daphnla magna

Cladoceran,

Daphnia pulex

Cladoceran,

Daphnia pulex

Cladoceran,
Simocephalus serrulatus

Cladoceran,
S imocephalus vetulus

Amphipod,
Gammarus pseudol imnacus

Stonefly,
Pteronarcys calltornica

Mlidge,
Tanytarsus dissimilils

Ralnbow trout,
Salmo galrdner|

Table 1§,

Method®

Acute Toxiclity of Arsenic to Aquatic Animals

Chemica)

LC50
or EC50

(pg/L) "%

FRESHWATER SPECIES

{norganic Arsenic(iit)

Arsenic
trloxide

Sod tum
arsenite

Sod lum
arsenlite

Sod lum
arsenite

Sod jum
arsenite

Sod lum
arsenite

Sod lum
arsenite

Sod fum
arsenite

Arsenlc
trloxlide

Sod fum
arsenite

19

24,500

1,800

5,278

3,800

4,340

1,044

1,740

812

1,700

874

22,040

97,000

13,340

Specles Mean
Acute Value

(pg/1 )0

Reference

24,500

1,800

4,432

1,348

812

1,700

874

22,040

97,000

13,340

Holcambe, et al, 1983

Mount & Norberqg, 1984

Anderson, 1946

Mount & Norberg, 1984

Caltl, ot al, 1983;
Lima, ot al, 1984
Sanders & Cope, 1966
Johnson & Finley,
1980

Sanders & Cope, 1966
Mount & Norberg, 1984
Call, et al, 1983;

tima, of al, 1984

Sanders & Cope, 1968;
Johason & Flnley, 1980

Holcombe, et al, 1983

Johnson & Finley,
1980



Table 1, {(Contlnued)

Species

fArook trout,
Saivellnus fontinalis

Goldfish (juvenlie),
Carasslus aurstus

Fathead minnow,
(Juvenile)
Pimephales promelas

Fathead minnow
(juvenile),
Pimephales promelss

Channel catflsh
(fingerlling),
lctalurus punctatus

Channel catflsh
(juvenlle),
|ctalurus punctatus

Flagfish (try),
Jordanet ta florldae

Flagfish (juvenile),
Jordanella tlorldae

Bluegllil,
Lepomls macrochirus

Rluegltl),
tepomls macrochlirus

Alusgill,
Lepomis macrochlirus

Biuegltl,
Lepomls macrochlrus

Bluegli! (Jjuvenlle),
Lepomis macrochirus

Method®

T, M

FT, M

FT, M

FT, M

FT, M

Chemica)

Sod um
arsenite

Sad lum
arsenite

Sod fum
arsenite

Sod Tum
arsenite

Sod fum
arsenite

Sod fum
arsenite

Sod fum
arsenlte

Sod lum
arsenlte

Sod fum
arsenite

Sod J um
arsenite

Sod fum
arsenite

Sod fum
arsenite

Sod lum
arsenlte

20

Cardwel |, ot al, 1976

Cardwel |, ot al, 1976

Cardwel i, ot al, 1976

Call, ot al, 1983;
Lima, et al, 1984

Clemens & Sneed, 1959

Cardwell, et al, 1976

Cardwoll, et al, 1976
Call, et al, 1983;
Lima, et al, 1984
ingllis & Davis, 1972
inglis & Davls, 1972

Iinglis & Davls, 1972

Johnson & Finley,

LC%0 Specles Mean
or EC50 Acute Value

(yg/i)e® (pgn)ue Reference
14,960 14,960

26,040 26,040

19,660 -

14,100 14,860

15,022 -

18,096 18,100

28,130 -

14,400 20,130

15,370 -

16,240 -

15,486 -

17,400 -

1980

41,760 41,760

Cardwell, ot al, 19756



Table 1. (Contlinued)

Specles

Cladoceran,

Daphnla magna

Cladoceran,

Daphnia magna

Cladoceran,
Daphnlia pulex

Cladoceran,

Daphnia pulex

Cladoceran,
Bosmina longlrostris

Ralnbow trout (2 mos),

Salmo galrdnerl

Fathead minnow
(Juvenlile),
Pimephales promelas

Mosqui tof i sh,
Gambusla attinls

Amphipod,
Gammarus fasclatus

Crayfish,
Procambarus sp.

Cutthroat trout,
Saimo clarkli

Goldtlish,
Carasslus auratus

Method*

S, U

S, u

Chemical

inorganic Arsenlc(V)

Sodlum
srsenate

Sod fum
arsenate

Sod lum
arsenate

Sod lum
arsenate

Sod fum
arsenate

Sod lum
arsanatel s

Sod fum

arsenate

Sod lum
arsenate

Monosod ium Methansarsonate (MSMA)

Monosod | um
methanearsonate

Monosod | um
methanearsonate

Monosod {um
mathanearsonate

Monosod lum
methanearsonate

Christensen, 1972

Jurewlcz & Bulkema,

Passino & Novak, 19684

Passino & Novak, 1984

Jurewicz & Bulkema,

Johnson & Flinley,

Anderson, et al, 1975

Johason & Finley,

LC50 Specles Mean
or EC50 Acute Value
{pgn yue (pg/L) %" Reference
<8, 1004 - Anderson, 1946
7,400 7,400 Blesinger &
3,600 -
1980
49,600 WL
850 850
10,800 10,800 Hale, 1977
25,600 25,600 Defoe, 1982
49,000 49,000
1980
>16,010 >16,010
1980
506,000 506,000
>16,010 >16,010
1980
4,978 4,978

21

Johnson & Flinley,
1980



Table 1, (Continued)

Specles

Fathead minnow,
Plimaephales promelas

Channael cafflsh,
Ictalurus punctatus

Bluegiil,
Lepomis macrochlirus

Smal Imouth bass
(tingerling),
Micropterus dolomleul

Polychaete worm,
Neanthes arenaceodentata

Blue mussel (embryo),
Mytilus edulls

Bay scallop (Juveniie),
Argopecten Irradlans

Pacltic oyster (embryo),
Crassostrea glgas

Eastern oyster (larvae),
Crassostrea virginica

Copepod,
Acartia claust

Mysid,
Mysidopsis bahla

Amph tpod,
Ampelisca abdita

Method®

S,

S,

U

Chemicatl

Monosod um
methanearsonate

Monosad fum
methanearsonate

Monosod lum
methanearsonate

Monosod um
methanearsonate

SALTWATER SPECIES

inorganic Arsenic(itt)

Sodjum
arsen|te

Sod fum
arsenite

Sod [um
arsenite

Sod lum
arsenite

Sod fum
arsenite

Sod | um
arsenite

Sad tum
arsenite

Sod tum
arsenite

Johnson & Finley,

Anderson, et al, 1975

Johnson & Finley,

Anderson, et ai, 1975

Scatt and Pesch, 1981

Martin, et al. 1981

Nelson, et al. 1976

Martin, et al, 1901

Calabresa, ot al.

1C50 Specles Mean
or EC30 Acute Value
(ug/L ) %" {pgNL )¢ Reference
2,129 2,129
1980
},403,000 1,403,000
1,921 1,921
1980
414,000 414,000
10,120 10,120
>3,000 >3,000
3,490 3,490
326 326
7,500 7,500
1973
508 509 Gentile, 1981
1,740 1,740 Lussler, et al,
Manuscr | pt
8,000 - Scott, et al,

22
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Table 1, (Contlnued)

LC50 Species Mean

or EC50 Acute Value
Specles Method® Chemical (pg/L)0¥ (pg/L)ne Reference
Amphipod, FT, M Sod | um 8,460 8,227 Scott, et al,
Ampelisca abdita arsen)te Manuscr lpt
Dungeness crab (zoea), S, VU Sod um 232 232 Martin, ot al, 1981
Cancer maglster arsenl|te
Sheepshead minnow, FT, M Sod fum 12,700 12,700 Cardin, 1982
Cyprinodon varlegatus arsenite
Atlantic sliverside, S, u Sod lum 16,033 16,033 Cardin, 1982
Menidla menidla arsenite
Fourspine stickleback, S, u Sod fum 14,953 14,953 Cardin, 1982
Apel tes quadracus arsenite

Inorqanic Arsenlc(V)

Mysid, FY, M Sod lum 2,319 2,319 Gentile, 1981
Myslidopsis bahla arsenate
Amph lpod, FT, M Sod lum 5,110 - Scott, et al,
Ampellsca abdita arsenate Manuscript
Amphlpod, FT, M Sod fum 4,160 4,611 Scott, et al.
Ampellsca abdita arsenate Manuscr | pt
* S = static, R = renewal, FT = tlow-through, U = unmeasured, M = measured,

#*  Results are expressed as arsenlic, not as the chemlcal.

#%%  Not used In calculations.

SREE No Specles Mean Acute Yalue calculated because acute values are too divergent for thls specles.

anRn¥ale confirmed that compound tested was NazHAso4, not NaAsO,.
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Table 2,

Chronic Toxicity of Arsenic to Aquatic Anlimals

Limits Chronlic Value
Specles Toest® Chemical (pg/L )% (pg/L)oe® Reference
FRESHWATER SPECIES
inorganic Arsenic(iti)
Cladoceran, LC Sod fum 635.0~-1,320 N4, | Catl, ot al, 1983;
Daphnis magna arsenite tima, &t al, 1984
Coumdbe ad mmfomna.. cr Com Al ysem 2 1iN_a& LNN T NIL faTY B | P .Y 10Q% .
Toul OJ W ] CA. 2 AT U L.IJ\I—"'JUU J'U‘U Lol I, - L1 I,UJ.
Pimephsles promelas arsen|te ima, ot al. 1984
Fiagtish, ELS Sod lum 2,130-4,120 2,962 Call, ot al, 1983;
Jordaneiia tioridae arsenite Lima, ot al, 1964
inorganic Arseniciv)
fathead minnow, ELs Sod Tum 530-1,500 691.6 Defos, 15682
Pimephales promelas arsenate
SALTWATER SPECIES
inorganic Arsenicliii)
Mysid, ic Sod jum 63i-1,270 895,.2 iussier, ef ai.
Mysidopsis bahla arsenite Manuscript
® LC = life cycie or partial iife cycie, ELS = eariy iife stage,
**Resuiis are expressed as arsenic, nof as fhe chemicai,
Acute~Chronic Ratlo
Acute Vaiue Chronic vVaiue
Speciles (ugL) (pqr) Ratlo
Inorganic Arsenic(iii)
Cladoceran, 4,340 9141 4,748

Daphnia magna
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Table 2., (Continued)

Acute-Chronic Ratlo

Acute Yalue Chronic Yalue

Specles £7:749) {yaN ) Ratlo
Fathaend minnow, 14,100 3,026 4,660

Plimaphales promelas

Flagfish, 14,400 2,962 4,862
Jordanella floridae

Mysld, 1,740 895,2 1,944
Mysidopslis bahia

Inorganic ArsenictV)

Fathead minnow, 25,600 891,6 28,7
Pimephales promelas
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Table 3. Ranked Genus Mean Acute Yalues with Specles Mean Acute-Chronic Ratlos

Genus Mean Species Mesn Specles Mean
Acute Yaiue Acute Yaluve Acute~Chronlc
Rank® {ugh) Specles {pgL) Ratlo

FRESHWATER SPECIES

Inorganic Arsenic(iil)

14 97,000 Midge, 97,000 -
Tanytarsus dissimilils

13 41,760 Blueglll, 41,760 -
Lepomls macrochlrus

12 26,040 Goldtish, 26,040 -
Carasslus asuratus

L 24,500 Snalt, 24,500 -
Aplexa hypnorum

10 22,040 Stonefly, 22,040 -
Pteronarcys callfornica

9 20,130 Flagtish, 20,130 4,862
Jordanella tlorldas

8 18,100 Channel catfish, 18,100 -
Ictalurus punctatus

7 14,960 Brook trout, 14,960 -
Salvel lnus tontinalis

6 14,860 Fathead minnow, 14,860 4,660
Pimephales promelas

5 13,340 Rainbow trout, 13,340 -
Satmo galrdaer]

4 2,444 Cladoceran, 4,432 4.748
Daphnia magna
Cladoceran, 1,348 -
Daphnia pulex

3 1,800 Cladoceran, 1,800 -

Cerlodaphnia reticulata
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Table 3.

Rank®

2

1

10

(Contlinued)
Genus Mean Spacies Mean Specles Mean
Acute Value Acute Value Acute—Chronic
(ug/L) Spacles (ug/l) Ratlo
1,175 Cladoceran, 812 -
S Imocephalus serrulatus
Cladoceran, 1,700 -
Simocaphalus vetulus
874 Amphipod, 874 -
Gammarus pseudol imnaeus
SALTWATER SPECIES
inorganic Arsenictlil)
16,030 Atlantic sliverside, 16,033 -
Menldia menidia
14,950 Foursplne stickleback, 14,953 -
Apeltes quadracus
12,700 Sheepshead minnow, 12,700 -
Cyprinodon variegatus
10,120 Peolychaote worm, 10,120 -
Neanthes arenaceadantata
8,227 Amphlpod, 8,227 -
Ampallsca abdlta
3,490 Bay scallop, 3,490 -
Argopecten irradlans
>3,000 Blue mussel, >3,000 -
Mytllus edulis
1,740 Mysid, 1,740 1.944

Mysidopsis bahla
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Tabie 3. {(Continued)

Genus Mean Specles Mean Specles Moan
Acuts Valus Acits Value Acute~Chronic
Rank*® (pgn) Specles (pat ) Ratlo
3 1,564 Pacltic oyster, 326 -
Crassostrea §igas
Easteirn oyster, 7,500 -
Crassostrea virglnlca
2 508 Copepod, 508 -
Acartlia clausi
H 2352 Oungeness crab, 252 -
Cancer magister

Fresh water
Flnal Acute Value = 718.2 ug/L
Criterion Maximum Concentration = (718,2 ug/L) /2 = 359,1 pg/L
Final Acute-Chronlic Ratlo = 3,803 (see ftext)
Final Chronlc Value = (718,2 ug/L) / 3.803 = 188.9 wug/L

Snit water
Final Acute VYalue = 137.1 ug/L
Criterion Maximum Concentration = (137,1 ug/L.) / 2 = 68,55 ug/L
final Acute-Chronlc Ratio = 3,803 (ses text)
Final Chronic VYalue = (137,1 ug/L) / 3,803 = 36,05 ug/L

(]
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Species

Alga,
Cladophora sp.

Alga,

Spirogyra sp.

Alga,
Selenastrum caprlcornutum

Yable 4,

Alga,
Selenastrum caprlcornutum

Submerged plant,

Potamogeton sp.

Alga,
Anklistrodesmus falcatus

Alga,
Scenedesmus obllquus

QYO LERON

1592,

Selenastrum capr lcornutum

Chemlical

Ettect

FRESHWATER SPECIES

norqanic Arsenic{iil)

Sod lum
arsenlite

Sod lum
arsenite

Sod lum
arsanite

Sod lum

arsenite

Sod lum
arsenlite

Sod tum

arsenlte

arsenate

Sod lum

arganate

Sod lym

arsenate

arsenate

100 kit in
2 wks

100f kit In
2 wks

1008 kitl In
2 wks

S0f Inhibition of
growth in 4 days

L 2

inorganic Arsenic(V)

14-day EC50

14-day EC50

50% growth
inhibltion

Decreased

SIS

growth
50% Inhibltion of

nrauth tn 4 dave
Yrowin v § Uays

29

Toxiclity of Arsenic to Aquatic Plants

Result
Apg/t)®

Reference

Cowell, 1965

Cowel {, 1965

Richtar, 1982

Richter, 1982

Cowall, 1965

Vocke, et al, 1980

Jurewicz & Bulkema,
1980

Plilanaec & Hoalav
vianas & nealey,

1978

Rlichter, 1962

Dishtar 1082
NIWHIGT , 1704



Tablie 4, (Contlinued)

Specles

Alga,
Selenastrum capricornutum

Alga,
Mglosira granulata

Alga,
Ochromonas vallesiaca

Blue alga,
Microcystls aeruglnosa

Green alga,
Scenedesmus quadricauda

Eurasian waterm!lfoll,
Myrlophylium splcatum

Alga,
Skeletonema costatum

Alga,
Skeletonema costatum

Alga,
Thalasslosira asestivalls

Red alga,
Champia parvula

Red alga,
Champla parvula

Red aflga,
Plumarla elegans

Chemical

Sod lum
arsenate

Sod jum
arsenate

Sod §um
arsenate

Sod fum
arsenate

Sodium
arsenate

-

Sod lum
arsenite

Sodlum
arsenite

Sod {um
arsenite

Sod lum
arsen|te

Sodlum
arsenlte

Sod§um
arsenite

Retforence

Result
Effect (pg/i*
14-day ECS50 30,761
Decreased 75
growth
Decreased 7%
growth
inclplent 11,000
Inhibltion
incipient 4,700
inhibl tion
32-day EC50 2,030
(root welght)
SALTWATER SPECIES
inorqanic Arsenicliii}
Growth 20
inhibttion
508 decrease 19
C-14 uptake
Reduced 22
chlorophyll a
Prevented matura- 95
tion of cystocarps
Reduced female 145
growth
Arrasted develop- 577

ment of sporelings

30

Vocke, et ai. 1980

Planas & Healey,
1978

Planas & Healey,
1978

Br lngmann, 1975;
Bringmann & Kuhn, 1976,
1978a,b

B8ringmann & Kuhn, 1977a,
1978a,b, 1979, 1980b

Stanley, 1974

Sanders, 1979

Sanders, 1979

Hol } Ibough, et al.
1980

Thursby & Steele, 1984

Thursby & Steele, 1984

Boney, et al. 1959



Table 4, (Continued)

Specles

Alga,
Tetraselmls chul

Alga,
Hymenomonas carterae

Alga,
Skelatonema costatum

Alga,
Skeletonama costatum

Alga,

Thalassiosira aestivalls

Alga,
Tetraseimis chul

Alga,
Hymencmonas carterae

Red alga,
Champla parvulas

Chenical

Sod tum
arsenlte

Sod tum
arsenlite

Sodium
arsenate

Sod | um
arsenate

Sod ium
arsenate

Sod ) um
arsanate

Sodlum
arsenate

Sodlum
arsenate

Effect

No growth
inhibition

No growth
Inhibltion

{norganic Arsenlc(V)

Growth
{ahibition

50% decrease
C-14 uptake

Reduced
chiorophyil a

No growth
inhibition

No growth
tnhibltion

Reduced female

growth

Result
(ugA)*

Reference

1,000

10,000

13

>25

75

1,000

150,000

56

Bottino, ot al, 1978

Bortino, et al. 1978

Sanders, 1979
Sanders, 1979
Hol | Ibaugh, et al,
1980

Bottino, at al, 1978

Bottino, et al, 1978

Thursby & Steele, 1984

* Results are expressed as arsenic, not as the chemical.

%%Highest concentration that would not have kifled a significant number of cells in flive days.
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Specles

Snall,
Stagnicola emarginats

Snall,
Hel isoma campanulatum

Cladoceran,
Daphnia magnsa

Stonefly,
Pteronarcys dorsata

Rainbow trout,
Salmo qafrdneri

Blueglll,
Lepomis macrochlirus

Snall,
Stagnicola emarginata

Snall,
Hel | soma campanulatum

Cladoceran,
Daphnila magna

Amph Ipod,

Gammarus pseudol Imnaeus

Stonetly,
Pteronarcys dorsata

Ralinbow trout,
Saimo galrdnerl

Fathead minnow,
Pimephales promelas

Table 5,

7 1ssue

wWhole

whola

whole

whole

whole

whole

Whole

wWhole

whole

whole

whole

whole

whole

body

body

body

body

body

body

body

body

body

body

body

body

body

Bloaccumuiation of Arsenic by Aquatic Organisas
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ODuration Bloconcentration
Chealcal {days) Factor® Reference
FRESHWATER SPECIES

Inorqanic Arsenicliil)

Arsenic 28 3 Spehar, et al, 1980
trioxide

Arsenic 28 17 Spehar, et al, 1980
trioxide

Arsenic 21 10 Spehar, et al. 1980
trioxide

Arsenic 28 9 Spehar, et al, 1980
trioxide

Arsenic 28 0 Spehar, et al, 1980
trioxlde

Arsenlic 28 4 Barrows, et al., 1980
trloxlide

I1norganic Arsenic(V)

Arsenic 28 3 Spehar, et at. 1980
pentoxide

Arsenic 28 6 Spehar, et al. 1980
pentoxide

Arsenic 2 4 Spehar, et al, 1980
pentoxide

Arsenic 28 0 Spehar, et al, 19680
pentoxide

Arsenlc 28 7 Spehar, et al. 1980
pentoxide

Arsenlc 28 0 Spehar, et al. 1980
pentoxide

Arsenlc 30 3 DefFoe, 1982
pentoxide



Table 5. (Continued)

Specles

Herb,
Hydrophita tacustris

Water hyacinth,
Elchhornla crasslipes

Alllgator weed,

Alternanthera phlioxeroides

Duckwoed ,
Lemna minor

Snalil,
Staqnicola emarqinata

Snall,
Stagnicola emarginata

Snall,
Hel lsoma campanuiatum

Snall,
Helisoma campanulatum

Cladoceran,
Daphnia magna

Ctladoceran,
Daphnia magna

Amph ipod,
Gammarus pseudol Imnaeus

Amphipod,
Gammarus pseudol Imnaeus

Stonefly,
Pteronarcys dorsata

Stonefly,
Pteronarcys dorsata

Tissue

Whole

Whole

Whole

Whole

whole

Whoile

Whole

whole

whole

whole

whole

whole

Whole

who!e

body

body

body

body

body

body

body

body

body

body

body

body

body

body

Chemical

Organic Arsenic Compounds

Monosod jum
methanearsonate

Monosod fum
methansarsonate

Monosod lum
mathanearsonate

Monosodlum
mathansarsonate

Disodium methyl
arsenate

Sodlum dimethyl
arsenate

Disodlum methyl
arsenate

Sodium dimethy!
arsenate

Disodlum methyl
arsenate

Sodium dimethyl
arsaenate

Oisodium methyl
arsenate

Sod lum dimethyl
arsenate

Olsodium mathyl
arsenate

Sodlum dimethyl
arsenate

Duration Bloconcentration
{days) Refersnce

42 Anderson, et al,
1980

42 Anderson, et al,
1980

42 Anderson, et al,
1980

42 Anderson, et al,
1980

28 Spehar, et al. 1980

28 Spehar, ot al. 1980

28 Spehar, et al,. 1980

28 Spehar, et al, 1980

21 Spehar, et al, 1980

21 Spehar, et al, 1980

28 Spehar, et al, 1980

28 Spehar, et al,. 1980

28 Spehar, et al. 1980

28 Spehar, et al, 1980



Yable 5, (Continued)

Species

Ralnbow trout,
Saimo gairdner|

Ralnbow trout,
Salmo gairdnec|

tastern oyster,
Crassostrea virginica

Tissue

Whole body

whole body

Soft parts

Spehar, et al,. 1980

Spehar, et al, 1960

2arooglan & Hot fman,

Duration Bloconcentration
Chemical {days) Factor® Reference
Disodium mathyl 28 ]
arsenate
Sodlum dimethyl 28 0
arsenate
SALTWATER SPECIES
inorganic Arseniclil|)
Sod um 12 350
arsenite 1982

®Resulits are based on arsenic, not the chemical,
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Yable 6. Other Data on Etfects of Arsenic on Aquatic Organisas

Result
Specles Chemical Duration Etfect {pgn)* Reference
FRESHWATER SPECIES
Inorganic Arsenlic(lill)
Green alga, Sod fum 95 hr Inciplent 35,000~ Bringmann & Kuhn,
Scenedesmus quadricauda arsenite Inhibition 46,000%*  {959a,b
Bacterla, Sod fum - inciplent 290,000 Bringmann & Kuha,
Escherlchla coll arsenlte inhibition 1955a
Protozoan, Sod ium 28 hrs Inciplent %,000 Bringmann & Kuhn, 1959
Microregma heterostoma arsanlte inhibition
Rot | ter, Sod lum 1 wk Signiticant popu- 2,320 Cowel |, 1965
(unidentlfied) arsenite lation reduction
Rotlter, Sod fum 16 wks Reduced population 690%*%  Gjjderhus, 1966
{unidentitlod) arsenlte {monthly treatments)
Cladoceran, Sod lum 26 hrs BC50 3,710 Crosby & Tucker, 1966
Daphnla magna arsenite {immobl{ization)
Cladoceran, Sod fum 48 hrs EC50 1,500 Call, et al,. 1983;
Daphnia magna arsenite Lima, ot al, 1984
Cladoceran, Sod | um 48 hrs €S0 (ted) 4,630 Cali, ot al, 1963;
Daphnia magna arsenite Lima, ot al, 1984
Cladoceran, Sod | um 48 bhrs EC50 4,600""  @Bringmann & Kuhn, 1959a,b
Oaphnla magna arsenite
Cladoceran, Sod {um 1 wk Signiticant pop- 2,320 Cowel I, 1965
(unidentif led} arsenlte ulation reductlon
Cladoceran, Sod lum 16 wks Reduced population 690 Gltdertus, 1966
tunidentitled) arsenlite (one treatment)
Copepod (adult), Sod lum 16 wks Reduced population 690" %%% Gl derhus, 1966
(unidentitled) arsenlte {(weekly treatments)
Copepod, Sod lum 1 wk Signitlcant popu~ 2,320 Cowell, 1965
(unidentl fiad) arsenlte latlon reduction
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Jable 6, {(Continued)

Specles

Amphipod,
Goammarus pseudol imnaeus

Amphipod,
Hyalella knlckerbocker |

Mayfly,
Callibaetis sp.

Mayfly (nymph),
Caenis diminuta

Maytly (nymph),
Caenls diminuta

Coho salmon,
Oncorhynchus kisutch

Rainbow trout
{embryo, larva),
Salmo galirdnerl

Ralnbow trout
(embryo, {arva),
Sailmo qgalrdner!

Ralnbow trout,
Saimo galrdner!

Ralinbow trout ( juvenile),
Salmo galrdnerl

Ralnbow trout,
Saimo galrdneri

Ralnbow trout,
Salmo gnlrdnerl

Brook trout,
Salvellinus tontinalls

Gotdfish ( juvenile),
Carasstus auratus

Chemlical

Arsenlc
trioxlde

Arsenic
trioxide

Arsenlic
trioxide

Arsenic
trioxide

Arsenlc
trioxlide

Arsenic
trioxide

Sod lum
arsenite

Sod fum
arsenite

Arsenic
trioxide

Arsenic
trioxide

Sod | um
arsenlte

Sod fum
arsen|te

Sod fum
arsenite

Sod § um
arsenite

Duration

7 days

5 days

5 days

5 days

5 days

28 days

28 days

144 hrs

21 days

4 wks

2 wks

262 hrs

336 hrs

36

Effect

60% mortallty
708 mortallty
94% mortal ity
255 mortality
62% mortaiity
Phys lologlcal
al terations
BC50 (daath and

deformity)

&0

LC50
Decrease In tat
welght gain

Decrease In
hematocrit

Decrease In
welght gain

Lcho

LC50

Result
(ug/L)®

Refersnce

961

4,469

4,469

2,234

5,958

300

550

134

13,300

1,000

10,000
(1212

30,000
t 2211

10,440

18,618

Spehar, et al, 1980
Surber & Meehean,
193}

Surber & Meehean,
1931

Surber & Meehean,
1931

Surber & Meshean,
193)

Nichols, 1981;
Nichols, et al,. 1964

8irge, ot al. 1980;
B8lrge, et al, 198}

Birge, et al,. 1980;
Birge, et al., 1981

Dixon & Sprague, 1981
Speyer, 1974;

Speyer & Leduc, 1975
Oladimejl, ot al, 1984a
Oladime}l, ot al, 19840

Cardwol |, ot al, 1976

Cardwell, ot al, 1976



Table 6. (Continued)

Specles

Goldfish (embryo, larva),

Carasslus auratus

Spottall shiner,
Notropls hudsonius

Fathead minnow (Jjuveniie),

P imephales promelas

Fathead minnow (adult),

P imephales promelas

Fathead minnow,
Plimephales promelas

Blueglil (juvenlle),
Lepomls macrochlrus

Blueglil (adutt},
Lepomis macrochirus

Bluegitt (Juvenile),
Lepomls macrochirus

Blueglll (fingerling),
Lepomis macrochlrus

Larqamouth bass
{embryo, larva),
Micropterus saimoldes

Narrow-mouthed toad
(embryo, larva),

Gastrophryne caral lnensls

Marbied salamander
{embryo, tarva),
Ambystoma opacum

Chemical

Sod | um
arsenlte

Sod lum
arseni te

Sod lum
arsenlte

Sod {um
arsenite

Arsenic
trisultide

Sod lum
arsenite

Sod {um
arsenite

Sodium
arsenita

Sod lum
arsenite
{pelietizaed)

Sod fum
arsenlte

Sod lum
arsenilte

Sod lum
arsenite

Duration

7 days

12 hrs

336 trs

96 hrs

16 wks

16 wks

336 hrs

48 hrs

8 days

7 days

8 days

Eftect

EC50 (death and
deformity)

LC50

LC50

50% reduction In
ACht In vitro

LC50

Raeduced survivatl
(one treatment)
Histopathoioglcal
al terations

(weekly treatwments)

LC50

tcs50

EC50 (death and
deforaity)

€050 (death and
deformity)

EC50 (death and
detorm)ty)

Resuit
(ugNL}*  Reference
490 Birge, 1978
27,000 Boschettl &
#Mcloughlin, 1957
10,556 Cardwell, ot al. 1976
2,400 Otson & Christensen,
1980
82,400 Curtis, ot al. 1979;
Curtls & ward, 1981
690 Gliderhus, 1366
690 %%¥ G| derhus, 1966
18,320 Cardwell, st al, 1976
290 Hughes & Davis, 1967
42,100 Birge, ot al, 1978
40 Birge, 1978
4,450 Birga, et al, 1978



Yable 6. (Continued).

Species

Bacterla,
Proteus _Ego

Bacteria,
Escherichlia coll

Bacterla,

F lavobacterium sp.

Bacteria,

Novome o -

PP e mae f L me
LUV YHOUGL IO UM Dl e

ltl

acteria,
seudomonas sp.

°T®

Bacteria,
Pseudomonas putida

Protozoan,

Protozoan,
Chilomonas parsmecium

Protozoan,
Uronema parduezl

Cladaceran,
Daphnla maana
Daoh qna

Ciadoceoran,

Daphnia maqna

Fathead minnow (adult),
Pimephaies promelas

Sodlum
arsenate

Sodlum
arsanate

Sodiuym
arsenate

arsenste
-_ Ay
JF0U UM
arsenate

Sodlium
arsenate

Sodium
arsenate

Sod{um
arsenate

Sod i um
arsenate

Sodium

arsanata

Cndlum

T § e

arsenate

______ a_

arsenarvr
Sadium
arsanate

Sod {um
arsenate

Duration

inorganic Arseniciv)

48

48

A
@

12

48

20

24

-
>

¥ 4

w

hrs

hrs

hes

hrs

hrs

¥
X
1

wks

wKS

38

BCF = 0,22-0,24

BCF = 0,30
BCF = 0,21-0,25

P sl =

BLr

]
<
-
[
i)
<
[
\w
"

inciptent
inhibition
Inciplent
tahibltion
Inciplent
Inhibition

inciplent

inhibi tion
LC50

cesn

=" a

{immobi {1 zatlon)
LC50
Reproductive
Impa irment

508 reduction In
AChE In vitro

Resuit

Lug/t)®

Reference

Sharlatpanahi, et ail,
1962

Sharlatpanan), et al,
1982

Bringmann & Kuhn, 1976,
1977a, 1979, 19800
8ringmann, 1978;
8ringmann & XKuhn, 1979,
1960b, 1981

Bringmann, et atl. 1980,
1981

Bringmann & Kuhn, 1980a

19814
Bringmann & Kuhn, 19770

Blesinger &
Cihristensen, 1572

Biesinger &
Christensen, 1972

Olson & Christensen,
1960



Table 6. {(Continued)

Result
Specles Chemlical Duration Effect {ugn.)* Reference
Channe! cattlish, Lead 96 hrs LC50 >22,000 Johnson & Finley,
lctalurus punctatus arsenate 1980
Charinel catfish, Sod fum 6 mos Ul trastructural 15,000 Sorenson & Smith,
Ictalurus punctatus arsenate changes in 1lver 1981
Green sunflsh ( juvenile), Sod fum 39 hrs L1150 40,000 Sorenson, 1976a
Lepomls cyanellus arsenate
Green sunflsh, Sod lum 2 wks Ultrastructural 31,700 Sorenson, 1976b
Lepomis cyanellus arsenate changes In {lver
Green sunflish, Sod fum 678 hrs LTS0 (10 C) 60,000 Sorenson, 1976¢c
Lepomls cyanellus arsenate
Green sunflish, Sod fum 210 hrs LT50 (20 C) 60,000 Sorenson, 1976¢
Lepomls cyanefjus arsenate
Green sunfish, Sod fum 124 hrs LT50 (30 C) 60,000 Sorenson, 1976c
Lepomis cyanellus arsepate
Green suntlish, Sod | um 527 hrs LT50 (20 C) 30,000 Sorenson, 1976c¢
Lepomis cyane!lus arsenate
Green suntlsh, Sod fum 209 hrs LT50 (30 C) 30,000 Sorenson, 1976¢
Lepomis cyanellus arsenate
Green sunfish, Sod tum 2 wks Arsenic Incluslon 60,000 Sorenson, et al, 1982
Lepom|s cyanellus arsenate In llver nucleus
SALTWATER SPECIES
inorganic Arsenic(iil)
Polychaete worm, Sod tum 192 hrs LCS0 >14,500 Bryan, 1976
Nerels diversicolor arsenite
Mud snall, Sod { um 72 hrs 02 consumption >2,000 Macinnes & Thurberg
Nassarlus obsoletus arsenlte rate depressed and 1973

abnormal behavlor
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Table 6, {(Continued)

Specles

Bay scallop { juvenlie),
Arqopecten Irradlans

white shrimp
{juvenlle),
Penasus setlferus

Pink salmon,
Oncorhynchus gorbuscha

Plak saimon,
Oncorhynchus gorbuscha

Pink salmon,
Oncorhynchus gorbuscha

Chum saimon,
Oncorhynchus keta

Natural phytoplankton
populations

Chemical

Sod lum
arsenite

Arsenlc
trisul tide
Arsenlic

trloxide

Arsenlic
trloxide

Arsenlic
trloxide

Arsenic
trloxide

Sodium
arsenate

Duration

4 days

96 hrs

96 hrs

7 days

10 days

48 hrs

wcioo

LC100

LC54

Lc50

Inorganic Arsenic(V)

4 days

Reduced
blomass

Reference

12,307
7,195
3,787

8,330

5

Nelson, et al, 1976

Curtis, et al, 1979

Holland, et al, 1960
Holland, ot ai, 1960
Holland, et al, 1960
Alderdice & Brett,

1957

Hol | lbaugh, et al,
1980

* Results are expressed as arsenic, not as the chemlcal,

us In river water,

%#% Measured concentration after 16 weeks was 2,280 ug/L.

uui#r Maasured concentration after 16 weeks was 9,040 ug/L.

saxniConcentration In ng/q in dlet,
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