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POREWORD

Section 304(a2)(1) of the Clean Water Act of 1977 (P.L. 95-217)
requires the Administrator of the Envirommental Protection Agency to
publish water quality criteria that accurately reflect the latest
scientific knovledge on the kind and extent of all identifiable effects
on health and welfare that might be expected from the presence of pollutants
in any body of water, including ground water. This document is a revision
of proposed criteria based upon & considerstion of comments received from
other Pederal agencies, State agencies, special interest groups, and
individual scientists. Criteria contained in this document replace
any previously published EPA aquatic life criteria for the same pollutant(s).

The term "water quality criteria™ is used in two sections of the
Clesn Water Act, section 304(a)(1) and section 303(c)(2). The term has a
different program impact in each section. In section 304, the term
represents a non-regulatory, scientific assessment of ecological effects.
Criteria presented in this document are such scientific assessments.
1f wvater quality criteria associated with specific stream uses are adopted
by a State as water quality standards under section 303, they become
enforceable maximum acceptable pollutant concentrations in ambient waters
vithin that State. Water quality criteria adopted in State water quality
standards could have the same numerical values as criteria developed
under section 304. BHowever, in many situations States might want to
adjust water quality criteria developed under section 304 to reflect
local environmental conditions and human exposure patterns before incorporation
into water quality standards. It is mot until their adoption as part of
State water quality standards that criteria become regulatory.

Guidelines to assist States in the modification of criteria presented
in this document, in the development of water quality standards, and in
other vater-related programs of this Agency, have been developed by EPA.

James M. Conlon
Acting Director .
Office of Water Regulations and Standards
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Selenium i,“diatributcd videly in nature, with an average crustal
abu;dnnce of 9.9 ug/kg (Cooper et al. 1974; Raptis et al. 1983). The
highest conccntrationo-are found in sulfide deposits of copper, lead,
mercury, lilVﬁXj pgd zinc. Belenium also occurs as the selenide sale
of several heavy metals and in such minerals as chalcopyritg.'pendlandiie.
snd pyrrhotiée (Shamberger 1981). A major natural source of environmental
selenium is the weathering of rogkl and soils.

Selenium is abundant in fossil fuels, with concentrations in coai
and fuel oil ranging from 470 to 8,100 ug/kg and from 2,600.to 7,500 pg/kg..
respectively (Raptis et ai. 1983). During combustion of coal, wmuch of the
selenium is converted to selenium dioxide and is emitted in the flue
gases. Hovever, vhen sulfur dioxide is present in the flue gas, selenium
dioxidé is reduced to elemental selenium (Frost and Ingvoldstad 1975).
Much of the selenium emitted to the atmosphere during burning of fossil
fuel is sorbed io fly ash, probadbly in the form of elemental selenium
(Raptis et al. 1983). Although clc;entul selenium is insoludle and
relatively nonbiosvailable, it can be oxidized to selenium(IV) (Sarathchandra
and Watkinson 1981) or reduced to selenides, including the highly volatile

dimethyl selenide and dimethyl diselenide (Eisler 1985; Wilber 1980) by

soil and aqustic microorganisms.

* An understanding of the "Guidelines for Deriving Numerical National Water
Quality Criteria for the Protection of Aquatic Organisms and Their Uses"
(Stephan et al. 1985), hereafter referred to as the Guidelines, is necessary
in order to understand the following text, tables, and calculatioas.
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Selenium reaches freshwater and saltwater systems through wet and

dry deposition from the air: leaching and runoff from land, pafticulnrly
from regions with alkaline seleniferous soils; drainage from coal fly~ash
.ndibottou-lnh pondot:leaching from fly-ash deposits on land; discharges
of industrial and domestic sewvage; and remobilization from bottom sediments
in aquatic systems. Concentrations of dil;olved selenium in fresh |
ground and surface waters usually are between 0.01 and 400 4g/L (Fishbein
1986).A In the North Atlantic Ocean, selenium concentrations range from
0.03 to 0.05 4g/L in the upper 500 m of the water coluan to q.115 to
0.135 .g/L at & depth of S000 m (Burton et al. 1980). In the North
Pacific Ocean. the concentration of total selenium increases from 0.075
ug/L at 15 m to 0.190 .g/L st 3250 ® (Cutter and Bruland 1984). Concen-
trations iﬁ coastal and estuarine waters are more variable. ranging from
about 0.06 to 0.375 ,g/L (Cutter 1978; Measures and lurtén 1978: Wrench
and Measures 1982). ' -

- Selenium occurs in aquatic ecosystemas in four oxidation states. -2,
0. +4. and +6, which are interconverted readily in the environment through
oxidation and reduction reactions (Callahan et al. 1979; Cutter 1982).
Chemical equilibria are dependent on the pH and redox state of the medium.
In addition, living organisms are able to synthesize a wide variety of
organoselenium compounds. Because of these iuieractiono. the biogeochemical
cyc}? of selenium is very complex, and a combination of oxidation states and
- forms exists in most waters (Cutter and Bruland 1984: Measures and Burton
1978; Robberecht and Van Grieken 1982: Takayanagi and Wong 1984a.b: Uchida
et al. 1980; Wrench and Measures 1982). S8elenium(VI) constitutes 14 to
362 of the total selenium in the edible muscle tissue of several species
of freshwater and saltwater fish (Cappon and Saith 1981). About
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362 of the selenium present in freshwater plants is selenium(VI) (Eisler
1985).

Selenium is an essential trace nutrient for most, if not all, living
orgsnisms, and oeleniu-'deficiency has been found to affect humans (Prost
and ingvoldltid 1975; Raptis et al. 1983; Wilber 1983), sheep and cattle
(Shanberger 1981), fish (Heisinger and Dawson 1983; Bilton et al. 1980;
Poston et al. 1976), ,nd an aquatic iavertebrate (Keating and Dagbusan
1984). 1In edditionm, ;cleniu- apparently protects biota from £h§ toxic
effects of arsenic, cadmium, copper, inorganic and organic mercury, and
the herbicide piruqunt in both terrestrisl and aquatic environments
(Beijer and Jernelov 1978; Eisler 1985; Heisinger and Scott 1985; Heisinger
et al. 1979; Levander 1977; Skerfving 1978; Wilber 1983; Wianer 1984).
Birge ot al. (1979) and Hucksbee and Griffith (1974), however, repott‘d that

seleniua and mercury acted synergistically toward fish embryos. Heisinger

(1981) found that selenium pretreatment protected 128-hr-old, but not

. 6=yr-old, embryos of Oryzias latipes, from cadmium and mercury, whereas

prior exposure to seleniun(IV) did not affect the sensitivity of white
suckers to cadmium (Duncan-and Klaverkanmp 1983).

Because of the variety of forms of selenium(1V) and lack of definitive
information about their relative toxicities, no available analytical measure-
ment is known to be ideal for expressing aquatic life criteria for selenium(1V).
Previous aquatic life criteria for selenium(IV) (U.S. EPA 1980) were expressed
in terms of total recoverable selenium(IV), but the total recoverable
measurement (U.8. EPA 1983a) i{s probably too rigorous in some situations.
Acid-soluble selenium(IV) (operationally defined as the selenium(IV) that

passes through a 0.63 ym membrane filter after the sample is acidified to



pH = 1.5 to 2.0 with nitric acid) is probably the best measurement at the

present for the following reasons:

1.

3.

4.

This measurement is compatible with nearly all available data
concerning toxicity of selenium(1IV) to, and bioaccumulation of
oeleniun(tvz §y. aquatic organisms. No test results were rejected
just bcc;h;e:{t was likely that they would have been substantially
different if they had been reported in terms of acid-soluble

selenium(IV). PFor example, results reported in terms of dissolved

selenium(IV) would not have been used if the concentration of pré-

cipitated selenium(IV) had been substantial.

In samples of ambient water, messurement of acid-soluble selenium(IV)

will probably measure all forms of selenium(IV) that are toxic to

~ aquatic life or can be readily comverted to toxic forms under netural

~conditions. In sddition, this measurement prodbadbly will not meassure

several forms, such as selenium(IV) that is occluded in minerals,
clays, and sand or is strongly sorbed to particulate matter, that are
not toxic and are not likely to become toxic under natural conditions.
Although water quality criteria apply to ambient water, the measurement
used to express criteria is likely to be used to measure seleniun(IV) in
aqueous effluents. Measurement of acid-soluble selenium(IV) prodadly
will be applicable to effluents. If desired, dilution of effluent
with receiving water bcfor; measurement of acid-soluble selenium(IV)
aight be used to determine vhether the receiving water can decrease
the concentration of acid-soluble selenium(IV) because of sorption.
The acid-soluble measurement {l prodadbly useful for most metals, thﬁo

mninimiging the number of samples and procedures that are necessary.



5.

10.

11.
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The acid-soluble measurement does not require filtration at the time
of collociipu. as does the dissolved measurement.

For the measurement of total acid-soluble selenium the only treatment

. required at the time of collection is preservation by acidification to pH

= 1.5 to 2.0, similar to that required for the messurement of total

recoverable ;e{eniun. Durations of 10 minutes to 24 hours between
acidification and filtration probably will not affect the measurement of
total acid-soluble selenium. However, acidification might mot prevent
conversion of leleniuu(IV).to selenium(VI) or vice versa. Therefore,
measurenent of acid-soluble selenium(IV) will probably require ccpafation

or measurement at the time of collection of the sample or special

_preservation to prevent coaversion of one oxidation state of selenium to

the other.

'Durntionc of 10 minutes to 24 hours bet;een acidification and filtrastion
of most samples of ambient water probably will not affect the result
substantislly.

The carbonate system has a -uch‘highcr buffer capacity from pH = 1.5 to
2.0 than it does from pH = 4 to 9 (Weber c;d Stumm 1963).

Differences in pH within the range of 1.5 to 2.0 probadbly will not
affect the result substantially.

The acid-soluble measurement does not require a digestion step, as does
the tota! recoverable -zllurcnent;

After acidification and filtration of the sample to isolate the acid-

_soluble selenium, the analysis can be performed using either furnace

or hydride atomic absorption spectrophotometric or ICP-atoaic emission
spectrometric analysis for total scid-soluble selenium (U.8. EPA 1983a).

It might be possible to separately measure acid-soluble seleaium(1IV)
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and acid-soludble selenium(VI) using the methods described by Oppenheimer
et al. (1984), Rodbderecht and Van Grieken (1982), and Uchida et a1. (1980).
Thus, expressing aquatic life criteria for selenium(IV) in terms of the
acid~soluble measurement has both toxicological and practical advantages.
On thé'Sther hand, because no measurement is known to be ideal for expressing
aquatic life criteria for seleniun(IV) or for measuring selenium(1V) in

asbient water or aqueous effluents, measurement of both acid~soludle

-
-

“gelenium(IV) and total' recoverable selenium in ambient water or effluent

or both might be useful. For example, there might be cause for concern

if total recoverable selenium is much above an applicadle liQit for
seieniun(1IV), even though‘iéid-nolublo selenium(1IV) is below the limit.

Unless otherwise noted, all concentrations reported herein are expected

to be essentially equivalent to acid-soluble selenium(1IV) concentrations.

All égncentr;tiona are expressed as selenium(IV), not as the chemical tested.
The criteria presented herein supersede previous national aquatic life

vater quality criteria for selenium(1V) (U.S. EPA 1976,1980) because these

nev criteris were derived using improved procedptec and additional inforwation.
Whenever adequately justified, & national criterion may be replaced by a
site-specific criterion (U.S. EPA 1983b), which may include not only
site-specific ecriterion concentrations (U.S. EPA 1983c), but also site-specific
durations of averaging periods and site-specific frequencies of allowed
excursions (U.8. EPA 1985). Comprehensive literature searches for informstion
fof this document were conducted through Pebruaéy. 1985; some newer information

vas also used.



Acute Toxicity to Aquatic Animals

The LC50 for. selenium(1IV) often decreases substantially with test
dutltio;. For example, Halter et al. (1980) reported LC50s for Daphnia
magna as 710 pug/L at 2 days, 430 pg/L at & days, and 430 ug/L at 14 days.
(Altbough Halter et al. (1980) did not specify the oxidation state used
in their studies, Adams and Johnson (1981) state that the tests were |
conducted on sodium lelenite.) Comparable values for the amphipod, Bzaielll’
azteca, were 940 pg/L at 2 days, 340 pg/L at & days, and 70 pg/L at 14
days. Similarly, Adams (1976) reported that the average LC50 for rainbow
trout was 4,350 ug/L at & days, 500 ug/L at 48 days, and 280 ug/L at 96
days. At 13°C the avefngg LC50 for fathead minnows was 10,900 pg/L at &
days and 1,100 at 48 days.

. Adgms (1976) found that the acute toxicity of seleaium(IV) to the
fathead minnov was directly related to water temperature vith average
96-hr LC50s of 10,900 ug/L at 13°C, 6,700 ug/L at 20°C, and 1,800 ug/L at
25°C. Striped'balu vere more nenoitiv; to selenium(IV) in soft than in
hard vater (Palawski et al. 1985). Lemly (1982) found that neither water
terpperature nor hardness had a significant effect on the final concentration
in any tissue of centrarchids exposed to selenium(IV) for 120 days. At
shorter durations, he found that both temperature and hardness influenced
}ateo of uptake, which might cause the acute toxicity of selenium(IV) to
vary vith conditions of exposure.

| Invertebrates are both the most sensitive and most resistant species
) (Table 1) with acute values ranging from 340 ug/L for Hyalella asteca
(Halter ot al. 1980) to 203,000 pg/L for the leech, Nephelopsis obscura

(Brooke 1985). On the other hand, the acute values for fishes only range



from 620 .g/L for the fathead minnow (Kimball, Manuscript) to 35,000 4g/L
for the common carp (Sato et al. 1980).

Boyum (1984) reported a &48-hr LC50 of 6 .g/L for Daphnia pulicaria.

Other species in the.;euul Daphnia wvere more resistant with LC50s from
450 4g/L (Boyum 1984) to 3,870 ,4g/L (Reading 1979; Reading and qukena
_1983). so the value of 6 4g/L is surprisingly. low. I;yun (Personal
communication, 14 February 1986) stated that the survival of Daphnia
pulicaria in the lowest concentration tested vas only 47 percent. Because of
the high mortality at the lowest concentration, the value of 6 .g/L was
not considered acceptable for use in calculating a criterion. BRowever.
the results of this and similar unreported tests by Boyum (personal
communication. 14 February ;986) indicate that the LC50 for this species
-ight,se le;l than 100 ug/L.

Species Mean Acute Values (Table 1) were calculated as geometric
means of the available acute values. and Genus Mean Acute Values (Table 3)
were then calculated as geometric means of the available freshvater
Spe:ies Mean Acute Values. Of the twenty-two genera for which freshwater
acute values are available, the most sensitive genus. Hyalella, is 597
times more sensitive than the most resistant. Kephelopsis. The three
most sensitive species are crustaceans, but the fourth most sensitive
species is the fathead minnow. The range of sensitivities of the four
-onf sensitive genera is a factor of 5. The freshvater Final Acute Value
for selenium(IV) was calculated to be 370.9 .g/L using the procedure
~described in the Guidelines and the Genus Mean Acute Values in Table 3.
The Pinal Acute Value is slightly higher than the acute value for the most

sensitive genus.



Acute toxicity data that can be used to derive a saltwater criterion
for selenium(1V) are available for eight species of invertebrates
and.eight opeciil of fish that are resident in Worth America (Table 1).
The range of acute values for saltwater invertebrates extends from 850

ug/L for adults of the copepod, Acartia tonsa, (Lussier 1986) to greater

than 10,000 ug/L for embryos of the blue mussel, Mytilus 2222&1. (Martin

et al. 1981) and embryos of the Pacific oyster, Crassostrea gigas, (Glickstein
1978; Martin et al. 1981). The range of acute values for fish is slightly
broader than that for invertebrates, extending from 599 ug/L for larvae

of the haddock, Melanogrammus seglefinus to 17,350 yg/L for adults of the

fourspine stickleback, Agbitel quadracus, (Cardin 1986). There was no
eon.iofcnt relationship between life stage of invertebrates or fish and
. their sensitivity to selenium(IV), and fewv data are availadble concerning
the influence ofzte-pernturc or salinity on the toxicity of selenium(IV)

to saltvater animals. Acute tests with the copepod, Acartia tonsa, at 5.

and 10°C gave similar resulte (Lussier 1986).
Of the 15 saltwvater genera for which Genus Mean Acute Values are

available (Table '3). the most sensitive genus, Melanogrammus, is nearly

29 times more sensitive than the most resistant, Apeltes. The sensitivities
of the four most sensitive genera only differ by a factor of 2.1, and these
four include three invertebrates and one fish, which is the most sensitive of

the four. The saltwater Final Acute Value for selenium(IV) is 591.1 ug/L.

Chronic Toxicity to Aguatic Animals

Chronic toxicity tests have been conducted on selenium(IV) with five
freshvater species (Table 2), four of which are acutely sensitive species

(Table 3). The rainbow trout is not only the most acutely resistant of these



five species, but also i? the most chronically neqnitive. and thus has
a much iar;er acute~chronic ratio than the other four species. Hodson et
al. (1980) found that 47 pug/L caused a ci‘ll reduction in percent hatch of
rainbow trout._vhiéh is not considered unacceptable for the purposes of
dcriQing water éuality criteria. Goettl and Davies (1977) exposed rainbow
trout to oeleniun(IY) for 27 months. They found that survival of fish
exposed to 60 ug)L was similar to survival of control fish. Sufvival of
fish exposed to 130 ug/L was about one;half that of the control and about
16 percent of these survivors were deformed as compared to no deformed
control fish. However, in é:poautcn starting with nevly hatched fry,
Bunn et al. (Manuscript) obtained a 60-day LC50 of 51 ug/L (Table 6).
Division of this LC50 by 2 (Stephan et al. 1985) results in 25.5 ug/L,
vhich should not ccuaé an unacceptable level of mortality of rainbow
trout. .

The other four freshwater species with wvhich chronic tests have been
conducted on oelgniu-(lv). including one fish species, are all more
acutely sensitive, and more chronically resistant, than the rainbow trout.
Kimball (Manuscript) conducted an early life-téage test on selenium(1V)
with fathead -innovi. Hatchadbility was not affected at any tested con-
centration. Hovever, posthatch survival of fry exposed to 153 ug/L was
only 68 percent of the control ourvivai and vas statistically significant
(P = 0.05). The mean terminal leagth, but not veight.iof fish exposed to
155 pg/L was different (P = 0.05) than that of control fish. Survival
and growth of fish exposed to 81 pg/L were similar to those of control
fish.

" Kimball (Manuscript) also studied the effects of selenium(IV) on

survival and reproduction of Daphnia magna in a 28-day renewal test. The
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28-day LC50 was 240 ug/L (Table 6). Survival and reproduction of Daphnia
magna exposed to 70 ug/L were similar to those of control animals.
Survival at 120 pg/L was 100 percent, but reproduction, expressed as mean
young per animal, was only 73 percent of that of control animals. This
reduction was statistically significant (P = 0.05).

Ovsley (1984) studied the chronic effects of selenium(IV) on Ceriodaphnia

affinis. He found that concentrations from 18 to 360 ug/L did mot affect

survival or reproduction during the 20-day test.
Reading (1979) and Reading and Buikema (1983) reported the chronic
effects of selenium(IV) on the survival, gfovth, and reproduction of

Daphnis pulex in a 28-day'§cneval test. Statistical analyses were performed

on &1 measures of growth and reproduction. At a concentration of 600
uzly the number of live young in the first two broods was significantly
(p -'0.05) reduced, and the percentage of d;ad young in brood 1 was
significantly increased. Also, the adult length of brood 9 and total
aunber of enbryo; in'brood 6 vas significantly greater than those of
control animals. At the end of the £Clt. survival, total aumber
of cﬁbtyoo per animal, and mean brood siszse at 600 pg/L were equal to or
greater than those of the control animals even though occasional differences
were observed during the test. At a concentration of 800 ug/L there vas
ajtignificant reduction in preadult mean length of molts 2 and 3, in mean
number of live young in broods 1 and 2, and in the percentage of dead
young in broods 1, 2, snd 3. At the end of the test the mean total
aumber of embryos and live young per aduli at 800 yg/L was only about 60%
that of control animals.

Data on the chronic toxicity of selenium(IV) are available for two

saltwvater species, the mysid, gyoiggpnio bahis, and the sheepshead minnow,
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Cyprinodon variegatus (Table 2). The life-cycle test with Mysidopsis

bshia, was started with 48-hr post-release juveniles and lasted for 28

days through production of offnprini by the parental generation (Ward et

al. 1981). Chronichcxpolure to mean measured concentrations of 320 ug/L

or greater had s statistically significant effect on survival of the

first generation mysids. NRo offspring were produced by mysids that tu?vived
exposure to 580 ug/L, and the number of offspring produced per female was
significantly lower in 320 pg/L than in the control trestment. All offspring
produced in all treatments survived until the end of t‘e test. The

highest exposure cougentrntion not causing effects significantly different
from the controls was lbotug/L. The resulting chronic value for

Mysidopsis bahia is 211.7 ug/L, and the acute~chronic ratio is 7.08S5.

An.early life-stage test was performed with the sheepshead minnow,

Cyprinodon variegatus (Ward et sl. 1981). The test was started with

nevly-fertilized eggs and extended for twvo weeks after hltchiﬁg to

measure survival of the juveniles. Although exposure to seleniun(IV)
concentrations of 6,400 pug/L or greater did not have a statistically
significant effect compared to the controls on hatching success of enbry;s,
concentrations of 970 ug/L or greater significantly reduced survival of
juveniles. The highest concentration that did not have a statistically

significant effect on survival of nevly hatched fish was 470 pg/L. The

resulting chronic value for Cyprinodon variegstus is 675.2 pg/L and the
acﬁte-ehronic ratio is 10.96 (Tadle 2).

Acute-~chronic ratios are available for four of the five acutely most
sensitive freshwater species, and these ratios range from <1.667 to 13.31
(Table 3). Although the lowest ratio is a "less than” value, the actusl

value is probably not too much lower. The two acute-chronic ratios that

12



were determined with saltwvater species also are within this range. The
Final Acute-Chronic Ratio of 6.36]1 was calculated as the geometric mean
of these six ratios. Division of the freshwater Pinal Acute Value by the
Pinal Acute-Chronié Ratio results in a freshwater Final Chronic Value of
$8.31 ug/L. However, this is higher than the 60-day LCS50 of 51 pg/L
calculated gra; ;hL data reported by Hunn et al. (Manuscript) for rainbow
trout. Thus the freshwater rinil Chronic Value is lovered to 25.5 ug/L
to protect this important species. Tﬁe saltwvater Final Chronic Value

of 92.93 ug/L is quite a bit lower than the two saltwater chronic values,

but neither of the species with which chronic tests have been conducted

is acutely sensitive to seleniua(1V).

Toxicity to Aquatic Plants

" Data are available on the toxicity of selenium(IV) to seven species
of freshwvater Aigae (Table 4). Results ranged from an LC50 of 30,000 pg/L

for the blue-green alga, Anacystis nidulans (Xumar and Prakash 1971) to

522 yg/L for incipient inhibition of the green alga, Scenedesmus quadricauda

(Bringmann and Kuhn 1977a;19784,b;1979;1980b). Hutchinson and Stokes (1975)

reported retardation of growth of two green algae, Chlorella vulgaris and

Haematoccus cupensis, by 50 yg/L and Foe and Knight (Manuscript) found that

75 pg/L decreased the dry weight of Selenastrum capricornutum (Tabdble 6).

Iﬁps the sensitivities of freshwater algae to seleniun(1IV) cover about the
same range as acute and chronic toxicities to aquatic animals. The 96-hr
EC50 for the diastom, Skeletonema costatum, is 7,959 ug/L, based on reduction

in chlorophyll 2 (Table &4). Crowth of Chlorellas sp., Platymonas subcordiformis,

and Pucus spiralis increased at selenium(IV) concentrations from 10 to

10,000 pug/L (Table 6). These data suggest that saltwater plants will oot

be adversely affected by concentrations that do not affect saltwater animals.
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Bioaccumulation

Bioconcentration factors (BCPs) measured with freshwater species range
from a high of 452 for the bluegill (Lemly 1982) to a low of 2 for the muscle
of rainbow trout (Adams 1976). Adams (1976) studied both uptake and
elimination pf selenium—-75 by fathead minnows at average concentrations
of 12, 24 and 50 ug/L. He found that accumulation occurred in & curvilinear
-;nner in the whole fish and in individual tissues at a rapid rate during
the first eight days and at & slower rate for the next 88 days. ffquilibriun
was approached, but not reached, in 96 days. The highest concentrations
were found in the viscera, possibly due to uptake of selenium .dﬁering to

food. Elimination of selénium also followed a curvilinear plot and became
alynptogic.vith the time axis after 96 days. Elimination wvas msost rapid
from gke vincera; with a half-life of 5.1 days, but the half-life exceeded
50 days for other tissues.

Adams (1976) also conducted uptake studies with rainbow trout exposed
to selenium(IV) at concentrations ranging from 310 to 950 pg/L. Some of
the trout died, and concentrations vere-ooncuhnt~highe: in dead fish than
in survivors. As with the fathead minnow, the viscera contained more
selenium than did gill or muscle. Based on his tests with the two species,
‘Adans (1976) concluded that there is an inverse relationship between
BCF and the concentration of selenium(1IV) in water.

- Hodson et al. (1980) exposed rainbow trout to selenium(IV) from fer-
tilization u;til 44 weeks posthatch. At 53 pg/L in the water the BCF
ranged from 8 for whole body to 240 for liver. They concluded that selenium
in tissue did not inereage in proportion to selenium(IV) in water.

Barrows et al. (1980) exposed bluegills to selenious acid for 28 days.

They reported & maximum BCF in the whole fish of 20 and a tissue half-life
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of b;tvccn one and seven days. If bluegills bioconcentrate selenium the
sane as the rainbow trout tested by Adams (1976), the 28-day exposure was
pgobably not long enough to reach steady-state.

Lemly (1982) exposed bluegills and largemouth bass to 10 pg/L

for 120 days to determine the dynamics of uptake, retention, and elimination

.in waters of different hardness and temperature. For bluegills, the

.geometric mean whole-body BCF at 20 and 30°C was 452. PFor largemouth

bass in similar tests, the Bcr'vao 295. Yor both species, the spleen,
liver, kidney, and heart had higher concentrations than the whole body.
Neither water temperature nmor hardness had a significant effect on concen-
trations in tissue after 90 days, slthough earlier values were influenced.
After 30 days in clean vater, selenium concentrstions remained unchanged in
oplden. liver, kidoey, and white muscle, but the half-life in gills and
erythrocytes wvas less thnﬁ 15 days. -

Ingestion of food or;anicn:-that-ha& been exposed to selenium(IV) can
be an important source of exposure of fish to selenium (Hodson and Hilton
1983; Sandholm et al. 1973; Turnmer ;nd Swick 1983). Lemly (1985a) reported
biosccumulation factors (BAFs) of 485 to 2,019 for various taxa, although the
organisms might have been cxpohed to & combination of seleniuan(1IV) and
selenium(VI). Addition of selenium(IV) to food reduced survival of
rainbov trout (Goettl snd Davies 1977).

| Steady-state BCFs vitﬁ two saltwvater species ranged from 2.88 in chelas

muscle of adult shore crab, Carcinus msenas (Bjerregaard 1982) to 200 in

whole adult euphausiids, Meganyctiphanes norvegica (Fowler and Benayoun

1976a). Selenium was sccumulated to a higher concentration im gill than
in hepatopancreas or smuscle of the shore crab during exposure to 250

ug/L. The author oug;catod’that much of the selenium associated with the
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gill might be sorbed to the gill surface. PFor the euphausiid, the
BA? for selenium(1IV) from food plus water was four times higher than the
BCF (uptake from water alone).

No U.S. FDA action level or other maximum acceptable concentration in
tissue is avai}gblq for selenium, and, therefore, no Final le;idue Value

can be calculated. '

Other Data

Bringmann and Kuha (1959a,b;1976;197748;1979;1980b;1981) and Patrick
et al. (1975) reported the concentrations of selenium(IV) that caused imcipient
inhibition (defined varioysly, such as the concentration resulting in a 32
reduction in growth) for algae, bacteria, and protozoans (Table 6). Although
incipient inhibition might be statistically significant, its ecological
i-poftadce is unknown. Seleniunitv) at a concentration of 100 ug/L did
not affect crustacean communities in enclosures in a lake contaminated by
mercury (Salki et al. 1985).

Winner (1984) reported that selenium(IV) reduced the chronic toxicity of
copper to Daphnia pulex. Klaverkamp et al. (1983) found that 1 and 10 ug/L
reduced uptake of mercury by northern pike, Esox lucius, wvhereas 100 pg/L
had no effect. Hodson et al. (1980) found delayed mortality during a
&4~day period following ?culation of exposure to selenium(IV). Severe
reproductive and developmental abnq;nalitico have been reported in.aquatic
birde nesting in selenium—contsminated irrigation drainwater ponds in the
Baﬁ Joaquin Valley in California (Ohlendorf et al. Manuscript).

Field studies on bodies of water that are either naturally or arti-
ficially high in..cloniun have indicatéd that selenium might be more

toxic to various species of freshwater fish than observed in traditional
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chronic tests. 8everal of the studies have concerned Belews Lake in

North Carolina (e.g., Cumbie and Van Horn 1978; Finley 1985; Lemly 1985a,b;
Sorensen et al. 1984), but other bodies of water studied include Martin
Lake in Texas (e.g., SBorensen and Bauer 1984a,b; Sorensen et al. 1982),
Twin Buttes aud P-Mile in Wyoming (Kaiser et al. 1979), a drainage systea
in South Carolina (Cherry et al. 1976,1979), and the !.otcrlon'lelcrvoir
in California (Ohlendorf et al. Manuscript). Such studies, however, have
provided circumstantial, rather than definitive, data on the effects of
seleniun on aquatic life for two major reasoas:

1. The studies provide little, if any, dita on the oxidation state

of the selenium in ihé wvater. Because there are, as yet, no dats to

- show that selenium(1V) and selenium(VI) are toxicologically or ecologically

equivalent, it is difficult to interpret the results of field studies
that do not use analytical methods (e.g., Oppenheimer et al. 1984;
Robberecht snd Van Grieken 1982; Uchida et al. 1980) that can separately
measure lcloﬁiul(lv) and selenium(VI).

2. Unless the addition of the test materisl is under the control of the
investigator, rarely can a field study conclusively pinfoint the
cause of the observed effects, because of the possibility that the
observed effects were caused by a combination of agents or by an

:un-ea-urcd'agent. Bowever, if circumstantial evidence from a number
lof dissimilar situations points in the same direction, the inference
becomes i:rongct.
. In spite of the limitations of the available results of field studies,
they do raise i-portant questions, such as:

a. +What are the highest concentrations in water of selenium(1V),

selenium(V1l), and co-binatioﬁo of the two that do not unacceptadly

17



N U U G SR B L T s —— 2 - e e e —— i s

reduce reproduction, and survival of the resulting young, of sensitive
wvarmvater fishes?
b. What are the rg;ntive toxicities of selenium(1V) and selenium(VI) in
food and in water and are the two sources additive?
c. Axe selenium(IV) and seleniua(VI) toxicologically or ecologically
cquivaleut in aquatic ecosystems?
-« Such questions are important and can §¢ ansvered with properly designed

" - .

field and laboratory ;tudico.

Unused Data

Some data on the effects of selenium(IV) on aquatic organisms were
not used because the studies were conducted with species that are not
resident in Worth America (e.g., Asanullah and Palmer 1980; Fowler and
Benayoun 1976b,c; Gotsis 1982; Niimi and LaBam 1975,1976; Wrench 1978).
Results (e.g., Okasako and Siegel 1980) of tests conducted with drine
shrimp, Artemia sp., were not used becigoe these species are from a
unique saltwvater environment. Data were also not used if selenium(1V)
was a component of a mixtura, cffluent..-ludge, or a fly'alh (e.g., Burton
et al. 1983; Cherry et al. 1976,1979; Fava et al. 1985; PFinley 1985; Jay
and Muncy 1979; Ryther et al. 1979; Sorensen et al. 1982; Thomas et al.
1?8@@; Wong and Beaver 1981; Wong et al. 1982).

Adans end Johnson (1981), Beijer and Jernelov (1978), Biddinger and
Closs (1984), Chapman et asl. (1968), Davies (1978), Dormey (1985), Eisler
(1985), Hall and Burton (1982), Hodson and Hilton (1983), Jenkins (1980),
National Academy of Sciences (1976), Phillips and Russo (1978), Raptis et
al. (1983), Shamberger (1981), and Thompson et al. (1972) only contained

data that had been published elsevhere. Data were not used if the organisms
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were exposed to selenium(IV) by gavage (e.g., Kleinowv 1984; Kleinow and
Brooks 1986a,b) or injection (e.g., Sheline and Schmidt-Nielson 1977).

Braddon (1982) and Freeman and Sangalong (1977) only exposed enzymes or
tissue extracts. Results were not used if the test procedures, test material,
or r;-ulto were not adequately described (e.g., Bovee 1978; Kassos 1980).
Kaiser (1980) calculated the foxicity to Daphnia magns based on physio-
chemical parameters. The daphnids vere probably stressed by ;¥§vding in

the tests reported b; Schults et al. (1980). S8iebers and Ehlers (1979)
exposed too few test organisms.

Reports of the concentrations of selenium in wild aquatic organisms
(e.g., Povler et al. 1975; Greig and Jones 1976; Heit and Klusek 1985;
Kaiser ct al. 1979; Lovc et al. 1985; Lucas et al. 1970; Lytle and Lytle
1982; Mehrle et al. 1982; Okazaki and Panietz 1981; Pakkala et al. 1972;
lndd and Turner 1983a,b; Rudd et al. 1980; Seelye 1982; Sorensen 1984a,b,c;
Uthe and Bligh 1971) were not used to calculate biocaccumulation factors

due to the abseace or iasufficient number of messurements of selenium(1V)

in water.

Summary

Acute values for 23 freshwvater species in 22 genera range from 340 ug/L
for the amphipod, Eyalella aztecs, to 203,000 pg/L for the leech, Rephelopsis
obscura. Although twelve of the twenty-three species are fishes, both the

three most sensitive and the four most resistant species are invertebrates.

P

Chronic values are available for two fishes and three invertebrates. The
chronic values for the rainbow trout, fathead minnow, and Daphnia magna
are between 88 and 113 pg/L, but those for two other cladocerans are above

300 pyg/L. In a separate test, a 60-day LC50 of 51 ug/L was obtained with
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rainbow trout. The acute-chronic ratios for the four acutely sensitive
species are below 15.

Toxicity values for nine species of freshwater algae range from 50 to
30,000 pyg/L. Uptake of seleniun(IV) by fish takes about 100 days to
reach steady-state and bioconcentration factors as high as 452 have been
reported. Studies of bodies of water that contain high concentrations of
‘selenium ouggent that eonny-ption of contaminated food contributes to
decreased survival and reproduction of vartiety of warmvater fishes.

Acute toxicity values are available for 16 species of saltwater
snimals, including 8 invertebrates and 8 fishes, and range from 599 ug/L for

larvae of the haddock.. Hel.nnogrmo seglefinus, to 17,350 pg/L for adults

of the fourspine stickleback, Apeltes quadracus. PFish and invertebrates

have similar sensitivities, and the acute values for the seven most sensitive

opeéﬁeo only differ by a factor of 3.2. tﬂere wvas no consistent relationship

between life stage of invertebrates or fish and their sensitivity to seleanium(IV).
Chronic toxicity data are available for two saltwater animals, the

wysid, Mysidopsis bahia, and the ohieplhead minnow, Cyprinodon variegatus.

The chronic values and the acute-chronic ratios are 211.7 pg/L and 7.274
for the mysid, and 675.2 ug/L and 10.96 for the sheepshead minnov. At a
concentration of 7,959 ug/L, selenium(IV) caused a 50X reduction in

chlorophyll & in a test with the saltwater diatom, Skeletonema costatum,

but'grovth of three species of algae was stimulated by concentrstions of
10 to 10,000 pg/L. The steady—-state bioconcentration factors for two
saltvater species range from 2.88 in chelas muscle of adult shore crabs,

Csrcinus maenas, to 200 in whole adult euphausiids, Hegaqzctiphnnea.norvegica.
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National Criteria

The procedures described in the "Guidelines for Deriving Mumerical
Hational Water Quality Criteris for the Protection of Aquatic Organisms and
Their Uses" indicate that, except possibly where a locally important species
is very sensitive, freshwater aquatic organisas and their uses should not
be affected unacceptadbly if the'four-day average concentration of ccid;ooluble
seleniun(IV) does not exceed 26 pg/L more than once every three years on
the average and if the one-houf average concentration does not exceed 190
yg/L more than once every three years on the average. If species such as
the channel catfish and various sunfishes are as sensitive ;l some field
data indicate they might Be, the four-day average should be less than 10 pg/L.

The procedures described in the "Guidelines for Deriving Bumerical
National Water Quality Criteria for the Protection of Aquatic Organisms
and Their Uses" indicate that, except pOICi;Iy vhere a locally important
species is very sensitive, saltvater aquatic organisms and their uses
should not be affected unacceptadbly if the four-day average concentration
of acid-soluble selenium(IV) does n&t exceed 93 yg/L more than once every
three years on the average a;d if the one-hour average concentration does
not exceed 300 ug/L wore than once every three years on the average. If
oeleniuﬁ(lv) is more toxic to saltwater organisms in the field than in the
laboratory, this criterion will not adequately protect saltvater orginiann..

EPA believes that "acid-soluble” is prodbably the dest measurement at

pfeoent for expressing criteria for metsls and the criteria for selenium(IV)
-vnfi developed on this basis. However, at this time, no EPA approved
iunthod for such a measurement is available to implement criteris for metals
through the regulatory programs of the Agency and the States. The Agency
is considering development and approval of i method for a measurement such
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as "acid-soluble.” Until one is approved, however, EPA recommends applying

criteria for metals using the total recoverable method. This has two impacts:

(1) certain species of some metals cannot be measured because the total
recoverable method cannot distinguish between individual oxidation
states, and (2) in some cases these criteria might be overly protective
when based on the total recoverable method.

The allowed average excursion frequency of three years is the Agency's
best scientific judgment of the lvcra;e amount of time it will take an un-
stressed aquatic ecosystem to recover from a pollution event in which
exposure to selenium(IV) exceeds the criterion. Stressed ;yate-l. for
exsaple one in which several outfalls occur in a limited ares, would be
expected to require more time for recovery. The resiliencies of ecosystems
and their adbilities t§ recover differ greatly, however, and site-specific
criteria may be established if adequate justification is provided.

Use of criteria for developing water quality-based permit limits and

for designing waste treatment facilities requires selection of an appropriate

wasteload allocation model. Dynamic models are preferred for the application

of these criteria. Limited data or other considerations might make their
use impractical, in vhich case one must rely on a steady-state model.

The Agency recommends interim use of 1Q5 and 1Q10 for the Criterion
Maximum Concentration (CMC) design flow and 7Q5 and 7Ql0 for the Criterion
Continuous Concentration (CCC) design flow in steady-state models for
unstressed and stressed systems, respectively. These matters are discussed
in more detail in the Tcéhuical Support Document for Water Quality-Based

Toxics Control (U.§S. EPA 1985).
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Table 1, Acute Texicity of Selenlun(iV) fo Aqustic Anlmsls

- t£2% Speclies Nesn .
er EC%0 Acute Yelee '
Species Bothost® SOhenlcsl LAY _GaA) . Reteresce
’ FRESHWMATER SPECIES
Nydra (eduit), s, M Sodfum 1,700 1,700 Brooke 1903
Hydre sp. selenite
Loech (adul® ' s, M Sod lum 203,000 203,000 Brooke 1983
© Nephelopsis obscers selenite
Snall (adul®),’ S, N Sodfwm 33,000 - ‘ Brooke 1903
Aplexs hypnorwm selenite .
Snall (edul®), s, M Sod lum 23,000 34,910 Brooke 1983
Aplexs hypnorwa . selenite . .
Snefl, s,V Sod lum 24,100 24,100 Reading 1979
Physs spe : selenite
Cladoceran, s,V Sod lum - 600 600 Ovsley 1984
Cerlodephnia attinis selenite
Cledoceran, s, U Sod lum 2,900 - Bringmenn and Kuhn
Dephnis wmegne selenite 1939
Cledoceren, - s, v Selenlows 4% - LeBlahc 1980
Dephnia sagne ecidee
Cledoceren, S, M Sod jun 1,100 - Ounber of al,. 1983
Daphnie magne selenite
Cladoceren, s, W Sod lwa 4% - Boyum 1984
Daphnis magna - selenite .
Cladoceran, S, M Selenfows 1,220 - Kinbal }, Menuscript
Dephnis megna . acld
Cledoceran, s, M Selenlous 1,220 961,9 Kimbal |, Manuscript
Daphnla megna acld ,
Cledoceran s, " Sod fwm 3,070 3,870 Reeding 1979; Reading
MI_-_E'Q selenite and Bujkema 1983
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Teble 1. (Continwed)

Spscies
Ostrecod,
Lyclocypris

Amphipod (adult),

Gammearus pseudo) isnseus

Anphipod,
Hyalells sztecs

Widge,
Jonytorsus dissinilis

Rainbor trout,
Saimo gairdner|

Ra inbow ftrout,
Saimo gelirdnerl

"Rainbow frout,

Salmo quirdner|

Rainbow trout,
Saimo gelrdner|

- Ralnbow trowt,

Salmo gelrdner|

Reindbow frout,
Salmo geirdneri

Raindow trout,
Seimo gairdner|

Rafnbow trout,
Sslmo geirdner|

Rafinbow trovut,
Selmo gelrdner|

Broock trout (edulif),
Selvelinus fontinalls

F

or EC30
Coamlcal - M)

Sod lum
selenite

Sodium
selenite

Sodiwm
selenite

Selenium
dioxide

Sodfum
sejenite

Sod lum
solenite

Sod Ium
selenite

Sod lum
selenite

Sod lue
selenite

Sod fum
selen|te

Sod fum
selenite

Sod lum
selenlte

Sod jum
selenite

Selenium
dioxide

e

130,000

4,300

340

42,%0

4,500
4,200

2.7’0

12,500
1,200
8,200
8,000

Species fasn
Acwte Yalee
(ag) Reference
130,000 Ousley 1984
4,300 Brooke 1903
340 Helter of o}, 1980
42,%00 Cal) ot o}, 1903
- Mens 1976
- Adems 1976
- Mans 1976
- Mens 1976
- Honn of of,
Menuscript
- Goett]! and Davlies
1976
- Hodson et al, 1980
- Hodson et ol , 1980
8,977 Hodson et o), 1980
10,200 Cardwell ot o),
19760,b
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Teble 1, (Continved)

Speces

Goldtish,
Carsssius swrsfus

Common carp,
Cyprinus cerplo

Fathead ninnow,
P imepheles promeles

Fathead ninnow,
P imsphales promeles

Fethead minnow,
Pinsphales promelss

Fathead minnow,
Pimepheles promeles

" Fethesd winnow,

Plinspheles promeles
Fathesd minnow,
Plimsphales promeies

Fatheed ninnow (30-dey
old),

P Imsphaies promeles

Fethead minnov (fry),
Plusphales promelies

Fathead minnow { juvenile),
Pimephales promeles

Fathead minnow,
P Imsphales promelss

Fathead ainnow,
P imephales promelas

f, N

F, 0

Seleniwm
dlioxkide

Sod fum
selenite

Sod lum
selenlite

Sod um
selenite

Sod Ium
selenite

Sod Ium
solenite

Sod lum
selenite

Sod Iue
selenite

Selenium
dioxide

Seleniwm
dliokide

Selenlous
acid

33,000

10,500

11,300
6,000
7,400
3,400
2,200

1,700

970

Asteresce

Cardvwel] ot o,
1976a,b

Safo et a), 1980

AMans l 916

P

Mens 1976
Mons 1976
Adams 1976
AMeans 1976
Mons 1978

Brooke 1983

Cardwel| ot af,
1976a,0

Cardwel) ot ol.
1976e,b

Kimbel |, Manuscript

Kimbell, Menuscript
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Toble 1, ~ (Continued)

wso Specles taen
) i Acute Velue
Specles Nethod® Oenical mA__. ) . Referesce
.I". MW. '. . w'_ . ”. - K'"‘m .’ .'.
Cetostomus commerson| selenite 1983
_White sucker, kN Sodium 31,400 50,1080 Duncen end
Catostomus commerson| selenlite Kleverkanp 1983
Striped bess (63-day), s, v Sod lum 1,329 - Palowski ot al, 1963
Morone saxstills selenite
Strlped bess (63-day), s, v Sod lun 2,400 1,703 Palawski ot al, 1989
Norone sexetilis selenite
Chonnel cattish (Jnnnlld. s, n Sodlwm 16,000 .- - Brooke 1983
ictelurus punctetus selenite -
Channe) catfish, F, N Selenium 13,600 13,600 Cardwell ot ol,
1ctelurws punctetus dioxlide 1976a,b
Flogtish F N Selenim 6,500 6,900 Cardwell ot o),
Jordenel s ¢loridee - dlox|de 1976a,b
Mosqui fofish, s, U Sod {um 12,600 12,600 ' Reading 1979
Gambusia atftinls selenite ;
Bluegll) (Juventled, s, n Sod fum " 12,000 - Brooke 1983
Lepomis sscrochirus . selenite
Bleegill, F, M Seleniem 20,3500 28,500 Cardwel) ot ol,
Leponis mecrochirus dlioxide 1976s,b
Yol low perch, F, N Sod lwm 11,700%0 08 1,700 Klaverkamp ot al,

Perca ¢)avescens selenite 1983
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Toble 1, (Continued) b

L2 Species teen
' Sallnlty ~ or £%0 Acute Yelee
Spscies Nethot®  Chemice) _to/ng).  _GoA)® _GeaA) = Referemce
' SALTWATER SPECIES ,

Blve musse! (embryo), s, v Selenium 3. 79 »10,000 >10,000 Mertin ot ol, 1901
Mytilus edulls oxide

Pacitic oyster (embryo), s, U Seleniem 33,719 10,000 - Gllicksteln 1978;
Cresscetrea glges oxide Martin ot al, 1981
Pecitic oyster (embryo), ' s,V Sod{um 33.79 »10,000 »10,000 Blickstein 1978
Crassostres giges selenite N

Copepod (adul?), S,V Selenfows 30 1,758 - Lussier 1906
Acertie clousi - scid 3°C) ’ o

Copepod (edult) , | ] Selenfous %0 2,100 1,910 Lussier 1906
Acartia clausi scld (10°C)

w (edelt}, s,V Selenlous 30 8% 8% Lussier 1906
Acsrtla tonsa acld

fysid {Juvenile, s, v Selenfows @ -~ 600 - U.S. BPA 1970
Mysidopsis behie ocid

mll (Juvenile), F, M Selenlovs 13-20 1,900 1,900 Vard ot o), 1981
Mysidopsis behis <id

Brom sheimp ( Juvenile), s, U Sodtum 30 1,200 1,200 Werd ot al. 1981
Penssus szteces " selenite

Oungeness crsd s, U Selenim 33,79 1,040 1,040 Glickstein 1978
(zo008 | larva), atlde

Concer. magister

8lue crab (Juvenile), s, U Sod lum 30 4,600 4,600 Werd ot al, 1981
Callinectes sepldus selenite

Heddock ( larve) , s, U Selenlous 30 999 399 * Cardlin 1986
Neo)enograsaus segletinus acid
. Shoopshesd minnow s, U Selenlovs - 6,700 - Heltmul lor 1901
(Juvenile), : acld

Cype inodon ver fegutes
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Teble 1, (Continued)

Species

Sheepshead minnow
(Juvenile),

Cypr incdon var({egetus

Atlentic ‘ silverside
tJuvenile),
Nenidie menidle

fowrspine stickiedack
(adult),

Apeites quadreces

Striped bess,
Morone saxstills

Pintish { Juveniled,
Aegodon rhombolides

Susmer tloumder (embryo),

Parslichitys dentstus

Winter tlounder (lerve),

P_tg'dg Jeuronectes
amer [canus

Winter tlounder (larve),

ST

i

Chenical

Sod lum
sejenite

Selenlous
acid

Selenlous
acld

Sodium
selenite

Sod fum
selenite

Selenlous
scid

Selenfous
ecld

Selenfows
scid

9, 72%
17,3%0

1,9%0
4,400
3,497

14,240

15,070

17,330

4,400

3,497

14,6%

Refereace

Vard ot al, 1901

cordin 1986

Cardin 1986

Palowskl! ot ol,
198%

verd ot al, 1980
Cordin 1908

Cardin 19086

Cardin 1988

. S = gtatic; R » renewal; F = tlow=-through; M = meesured, U = unmeesured,
%% Results ere eposed s selentum, not as the chemicel,
588 peported by Berrows ot al, (1980) In work performed In the same lsboratory wnder the same confract,
9888 Calculeted from regression equetion, | :



Species

Cladoceran, ‘
Cerlodsphnia attinls

Cledoceren,
Daphnls megne

Cledoceran,
Dephale pulex

Rs Inbow trowt,

Salwo galrdner}

Rainbow trowt,
Selmo gelrdner|

Fathead minnow,
P imsphales promeles

14,
'7‘!!. idopsis behla
Sheepshead mfnnow,

Cyprinodon verlegatus

Teble 2, Chronic Tanicity of Selentun(iV) to Aquetic Anlusls

Joat?

Limite

Lhenjce) L)
FRESHWATER SPECIES
Sodium . 236Q%ee
selenite .
Selenlous 70-120

acid
- Sodlwa 600-800
qolnlh

Sodfum 60-130
selenite o
Sod fun >areen’
selenite )
Selenlous 83-153

ecid

SALTWATER SPECIES
_Selenious 140-320

scld

Sod fum 470-970
selenite

Chrenfc Value
—h)

360
9.63
6%2.8
88,32
7

12,7

2117

73,2

Reference

Owsley 1984

Kimbel }, Menuscript
Resding 1979; Reeding
ond Bulkema 1983
Goett] and Davies
1977

Hodson ot al, 1980

Kinbel 1, tanuscript

Werd ot al, 1981

Werd ot al, 1901

® LG = |Ife~cycle or partial 1ite=cycle; ELS = eerly life-stage.

5%  pesults ere based on measured concentrations of seleniwm,
258 mone of the tested concentrations ceused eoffects thet were considered unacceptadle,

T s e e Y,

S0 e s B+ 1 e ik Lt L T e
. et e,

s ma o zasm, »
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Table 2 (centinved)

Acute-Chranic Ratle
Acute Chrente
Yelwe VYoluwe

Species L)

Cladoceren, 600 360

Cerlodephnia atffinis

Cladoceran, 1,220 91,69

Dephnla megns

Cladoceren 3,070 6%2,8

Dephale ﬂ‘ﬂ

Refinbow frowt, 12,500 98,32

Salmo geirdner| .

Reinbow frost, 8,039¢ 7

Sslmo gairdner!

Fathead minnow, ™. 12,7

Pinephales promeles

Mysid, 1,500 21,7

Mysidopsis behis

Sheopshead minnow, 7,400 61,2

Cyprinodon veriegatus )

Ratfe
1.667

13,31
3,506
141,93
an.o
6,001
7,089

®  geometric meen of three values In Tedle 1,
8% geometric mean of two velues In Tadble |,
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Toble 3. Meahed Genus Msan Acute Veluss with Species Neen Acwte-Chreatc Ratles

Oenus Mesn ; . Species Mo Speclies Nase
Acute Velwe : Acute Veluwe Acute-Chronic
Remk®  _GoA) = Specles ) Ratiott®
FRESNWATER SPECIES
n 203,000 Lesch, 203,000 -
T Nephelopsis obscurs

N 130,000 Ostrecod, 130,000 -
Cyclocypris sp.

20 42,900 Hidge, 42,%0 . =
Tonytarsus dissinllils

19 39,000 Common cerp, . 35,000 -
Cyprinus cerplo o

18 34,910 Snall, 34,910 -
Ap lexa hypnorwm

1}/ 30,180 White sucker, 30,100 -
Cstostomus commersonf

16 20,500 Blueglll, . 26,%0 -
Leponis macrochirus

1} 26,100 . Goldtish, 26,100 -
Carsss ius swrstus

L} 24,100 Snell, 24,100 -
Physs sp.

13 13,600 Channel catfish, 13,600 -
JActalurus punctatus
Gambusie atfinis

1" 11,700 Yol low perch, 11,700 -
Perca {lavescens

10 10,200 8rook trowt, 10,200 -
Salvel inus fontinalils

9 8,977 Ra inbow frout, ' 8,977 141,9

_ Salmo gairdner|
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Teble 3, (Continued) )
Genve foen Specios Noon Soecios Mamn

Acute Yelue ‘ o Acute Yelue Acute-Chrenic
Rewd® o) . Species 1T, ¥ L RetioP*e
8 6,900 Flegtish, 6,%0 -
, Jordenella tloridee

? 4,300 Amohipod, 4,%0 -
Gesmarus pseudol Isnseus

) 1,929 Cladoceran, 91,0 13.31
Daphnis magna
Cladoceran, - 3870 3.506
Daphnia pulex :

’ 1,783 Striped bess, T oq,708 -
Morone saxstills

4 1,70 n)dn. 1,700 -
"ﬁf. 3Pe

3 1,601 Fethead minnovw, 1,601 6.001
P imephales promelas ,

2 600 . Cledocersn, 600 <1,667
Cerlodephnia aftinis

1 40 Amph lpod, 340 -
Hyalel ls sxtece

SALTWATER SPECIES

13 17,39 Fourspine stick)ebeck, 17,3% -
Apeltes quedrecus

14 14,6% " Winter flownder, 14,6 -
Pseudop leuronectes amer icanus

13 »10,000 Blue mussel, »10,000 -
Mytilus edulls

12 510,000 Pasclitic oyster, 10,000 -

Crassostres giges



Teble 3, (Continued)

Genus Moen Species Neen Speclies tean
Acute Velwe . Acute Yalwe Acute-Chrenic
Reok®  _GpgA) = Specles b —Retich®

L] 9,725 Atlentic sliverside, 9,728 -
Monidia menidle

10 7,400 Sheepshead minnow, 7,400 10,96
Cypr incdon veriegstus

) 4,600 Blue cred, ' 4,600 -
Callinectes sspldus

[ ] 4,400 Pintish, 4,400 -

, Legodon rhomboides '

7 3,497 Summer tlounder, 3,497 -
Paralichthys dentatus .

6 1,9% Striped bass, 1,9%0 -
Morone saxatilis

) 1,300 Wysid, 1,900 7,003
Mysidopsls behie

[ } 1,274 Onpepod, 1,90 -
Acartia claus!
Copepod, 830 -
Acertic tonse

i : /

3 1,200 Brown shriep, 1,200 -
Penseus axtecus

2 1,040 Dungeness crabd, 1,040 -
Cancer seqister

] . 99 Haddock, 99 -

Melsnogrammus seqlef inus
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Toble 3, (Continued)

Ranked from most reslistent o .oif sonsitive based on Genut Mean Acute Yelus,

inclusion of "grester than® values does not necesserily (mply s true renking, but

does sl low use of al) geners for which date ere asvallable 30 thet teh Final Acute
Value s not wnnecessarily lowered,

from Table 1,

8%  From Teble 2

Fresh water
Fina) Acute Yalwe » 370,9 wo\
Criterion Maxinwe Concentration = (370,9 sgA) /2 = 1854 yoh
Fina} Acute~Chronlc Ratlo » 6,361 (see tex?)
Fina) Chronic Velwe = (370.9 sg/L) / 6,361 = 38,31 yoL

Final Chonic Value » 25,3 pgA/L (lowered to protect relnbow frout; see ftext)
Selt water

Final Acute Yaluwe » 59!.1 o

Criterion Maximwm Concentration = (391,.1 sg/L) /2 = 293,93 4g/L
Final Acute~Chronic Ratlo = 6,381 (see tex?)

fingl Chronic Yalue ® (391,01 wg/L) /7 6,361 = 92,93 yoNt.
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Species

.Green alge,

Scenedesmus dimorphus
Green alge, '
Scenedesmus quedricauda
Gresn alge,

Scenedessus quadricswds .

Blue~gresn alge,
Microcystis serwginise

Blve~grem alge,
Ansbeens cylindrice

8lue~green alge,
Ansboena verlabi}ls

Blue~green glge,
Anscystis aidulens

Green alga,

Selenastrum cepricornutum
Distom

Skeletonems costatum

Teble 4, Toxicity of SelenlunliV) %o Aquetic Plante

Durstion . : Result
Chemics)  _(Deys) Ettect tas)®
FRESHWATER SPECIES
Sod fum " Growth 24,000
selenite retardetion
Sod fum 8 inciplont sn
selenite ' Inhibition
Sodlum - Threshold 2,%00
selenite foxiclty
Sodlum 0 Inclipient, 9,400
selenite inhibition (9,300)
Sodimm 14 Growth 24,000
selenite reterdation
Sodium - Lc30 15,0008
selenite
Sodfum - Lc3%0 30,0000
selenite
Sod lwe 4 EC30 2,900
selenite
SALTWATER SPECIES
Selenlows ] EC30 (reduction 7.93
scidtre in chlorophyll @)

Reference

Hoede ot !, 1990

ﬁ'lw and Kuhn
19779; 19780,0; 1979;
19800b

Br ingaan and Kdm
1959

Bringsenn and Kuhn
1976; 1978a,b

Noede of .'o 1960
Kuser and Prakash 1971
Kumar and Prakash 1971

I'e

Richter 1982

U, S, EPA 1978

o  Results ere expressed es selenlium, not as the chemicel,

% ggtimeted from graph,

808 peported by Barrows of a), (1960) In work performed wnder the ssee confract,
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Species

Rainbow trout,

Saimo gairdner|

Ra Inbow trowt,
Seino gelrdner|

Rainbow trowt,
Seimo geirdner|

Fathesd -lmou..
Plmepheles promeles

Fathead alinnow,
P Imephales promeles

Blueglil,
Leponis mecrochirus

Bleeglll,
Lepomis mecrochires

Lergencuth bess,

Micropterus ssimoides

Euphaus! id (edelt),
Neganyct iphanes

iphanes norvegics

Euphausiid (edult),

Megenyct iphanes morvegica

Shore crad (dﬁlﬂ.
Cercinus meenss

Shore crad (edul®),
Cercinus meenas

Shore creb (edul®),
Carcinus meenas

. Teble 5, Blosccumuiation of Selenim(iV) by Aquetic Organiems

Chenfcel

Sodium
selenite

Sodiume
; selenlte

“ Sodlum

selenite

%4 Ium
selenite

Sodiwm
selenlte

Sslenious
scld

Sod Ium
selenite

Sod fum
solenite

Sodlum
selenite

Sod lum
selenite

Sod fue
selenite

Sodfwm
selenite

Sodlum
selenite

Concentretien Owretion
Inweter (boA)®  _(dora) . Tissss  BCF er pase
FRESHWATER SPECIES

230

48

4%

b L)

120

SALTMATER SPECIES

3 3 3 3

Reference

Wuscle 2 Mans 1976

¥hole bady 1gnee Mans 1976

Whole bod 8 Hodson et al, 1980

(ost Imat

Muscle n.e AMens 1976

Whole body 17.6 Mans 1976

Whole body 20 Barrows ot 8!, 1980

Whole body "> Lemly 1982

¥hole body 93 Lemly 1922

Whole aninsl 200 Fowler snd Beneyoun
1976a

Whole snlme) s0ot Fouler and Benayoun
1976a

o1} 1ot ajerregasrd 198

Hepatopencrees a,000tt, 1t Bjerregesrd 1982

Muscle 2,800ttt

8jerregaard 1982
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_tublo S (centioved)

L basured concentration of seleniwm,

UL ::mnfrﬁloo factors (BCFs) end blosccwmulation factors (BAFs) ere besed on messwred concentrations of selenium In water end In
S3V0, .

*98 Egtimated from greph,
t  includes wteke from food,

LA fFector was converted from dry welight %o wet wight besls,

M Concentration of selenium was the same In exposed end control animels,
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Teble 6. Other Date oo Etfects of Selenium(iV) en Aquetic Orgenises

Species

. Green alge,
Scenedesmus quedr cavde
Grean alge,
Selenastrum capricornutum
Oreen alge,
Selensstrum cepricornvtum
Green alge,
Selenastrum capricornvtum
Green sige,
Chiorells vuigaris
Gresn slge,
Hesmstoccus cwpensis

Algee (dlatoms),
Mixed population

Bacterium, .
Escherichia coll
Becterium,

Pseudomonus putids
Protozoen,

Entosiphon sulcatum
Profozoen,

Nicroregee heterostome
Protozoen,

Chilomonss persmecive

Or inguann and Kuhn
19592,

Foe and Knight,
Wnuscrlpt

Foe and Kn ight,
Menuscrip?

Fos end Knlght,
Manuscript

Hutchinson and Stokes
1973

Hutchingon and Stokes

1978

Patrick-et al, 1979
Bringmann end Kuhn
1959

Br ingenann and Kuhn
1976; 19770; 1979; 19800

Or Ingmann 1978;
Br ingmann and Kuhn
1979; 19600b; 1981

lrlnp'-m and Kuhn
19%9b

Bringuan of al, 1900;

o Resul®
Chenical Owrstion Ettect (e )®  Referesce
FRESHWATER SPETIES
Sodtum 9% M tnclplent fahi- 2,300
ssienite bition (rlver
vater)
Sodium 7N Decreased dry ”
selenite woight and
chlorophyl) 8
Sodfum 72 W B8CF = 120-212 10-100
sslenlte o
Sodium 2w BCF = 11,164 150
selenite
- - Srowth %
retardation
- - Growth %0
reterdation
Sodlium 18 days Growth 11,000
selonite fonidition
Sodtum: - inciplent 90,000
selonite inhibition
Sodium 16 r inclpfont 11,400
selonite Inhibition (11,200}
Sodtum N Incliplent 1.8
selenite Inhibition (1.9)
Sodfum 28N inciplont 183,000
selenite innibition .
Sodium 40 inclipiont 62
selonite inhidition

Br ingmann and Kuhn
1981



Teble 6. (Continued)

Cladoceren,
Dophnle magne
Maphipod,
Hyslella aztecs

Coho saimon (fry),
Oncorhynchus kisutch

Reindbow trowt (fry},
Salmo geirdner|
Reindow trout (try),

Selmo gelrdner|

Chemicel

Sod lum
selenite

Sodium
selenite

Sod fum
selenite

Sodium
solonite

Sod lum
selenite

Sod lwm
selenite

Sod lum
selenite

Selenlous
acld

Sslenfows
scid

Selenfows
ecid

Sod fum
selenite

Sod [um
selenite

Sodjem
selenite

Sod lum
selenite

20 wr
46 ir
2 nr
24 wr
9
96
14 deys
“w
48 i,
28 deys
14 deys
43 doys
21 deys

21 deys

Elfect

incipient
loniblition

830 (river
water)

wn

€%
(swimeing)
1030,
(ted)

o

(fed)

wo
(ted)

1c30
(ted)
(ted)

(ted)

To3 )
(ted)

Reduction In
growth

Resul?
[ ]
18
16,000
’.’
no
430

430

200

160
460

Reference

Bringmenn end Kuhn
196040; 1981

Oringmenn and Kuhn
193%a b

Or ingnann end Kuhn
1977»

Bringmann and Kuhn
1977

Halter ot s}, 1900
Hal tor ot .'o 1980

Halter of o), 1980

. Kimbal), Menuscript

Kiabal ), Menvscript
Kimbal}, Manuscript
Helter ot al, 1980
Adans 1976
Mans 1976

Mans 1976

T T G S

e e e
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Table 6, (Continved)

Species
Relnbow frowt,
Saimo galrdner|

Reinbow trowt,
Salmo gelrdner|

Re indbow trowt,
Salmo geirdner|

Ralnbow frowt,

Saimo gairdner|

Rainbow trowt,
Salmo gelrdner|

Re inbow trowt,
Salmo gelrdner!

Reinbow frout,
Ssino gelrdnert

Rainbow trowt,
Selno galrdner|
Northern plke,
Esox luclvs

Soldfisn,
Corsssius surstus

Goldtish,
Cersssius suratus

Goldtish,
Cerassius swrstus

Goldtish,
Corsssius suratus

Goldtish,
Cerassius surstus

Chenical

Sod jum
selenite

Sodim
selenite

Sod (e
selenite

Sod jum
selenite

Sod lum
selenite

Sod len
selenite
Sodium
selonite

Sodlum
sslenite

Sod{um
selenite

Sodfum
sslenite

Sod lum
selenite

Selenium
dioxlide

Duration

48 deoys
96 deoys
9 doys
9 doys
9 days

41 deys

350 wk

60 deys

14 doys
10 doys
46 days
7 deys

46 wr

Result
Ettect G)®  Reference

%

3o

Reduction of
hatch of eyed
eanbdryos

Blood fron
decreesed

Mortel ity

Oredval

onorexia ond .

mortal Ity

Cond | tione)
svoldence

~ww OO Vw

88 38 38

«

2,000

12,000

AMens 1976

AMans 1976

Hodson et al, 1960

Hodson et al, 1980
Hodson ot al, 1980

Hodson et o), 1980

Hodson et al, 1980
Huen ot ol,
Manuscript

Klaverkamp ot al.
1983

Cerdwel] ot ol,
19760,

Ellls ot o), 197

Ellts ot ul, 1937

Welir and Mine 1970

VWelr and Hine 19
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Toble 6, (Continued)

3pecies

Fatheod -im.
Pimephales proweles

Fathesd mnimnow, .
P imsphales promeles

Fathead mimmow,
P imsphales promeles

Fathesd minnow,
Pimephsles promelies

Fathead ninnow,
Plmsphales promeles

Cresk chwd,

Semot|lus stromeculetus

8lueglll,
Lepamis secrochires

Blesgi!l,
Lepomis mecrochires

Africen clowed frog,
Xenopus leevis -

Yol low perch,
Percs {lsvescens

Angerchb ic bacteriwm,

Nethanococces vennielt|
Oresn alga,

Chlorelis sp.

Gresn alge,

Platymonss subcorditormis

~ Chemtce)

Sod lwm
selenite

Selentum
dlotide

Sod fue
selenlte

Sod
selenite

Selenium
dionide

Sod lum
selenite

Selenium
dloxide

Sod fum
selenite

Sod lwm
selenite

Sodium
ssienite

Sodium
selenite

Sodlium
sslenlte

Duretion
40 deys

9 deys
96 nr
14 deys

8 deys
8 r
48 deys
14 dm

7 deoys

10 deys

%0
(ted)
(ted)

(fed)
Mortal Ity

g

w30

SALTWATER SPECIES

1O e

14 deoys

14 doys

St laulated

growth
S=12% In=

crease In
growth

238 increase 100-10,000

Result
U T8
1,100

400
430
212,000
400
12,500

4,000

79.01

Refereace

Adensg 199
Cardwell ot al,
19768,

Halter ot al, 1980
Hal ter ot o), 1980

Kimball, Manuscript

Kin ot o, 1977

Adans 1976

Cardwel | ot o),
1976a,0

Browne and Dumont
1979

Klsverkamp ot al,
1983 '

Jones and Stadiwmen
wn

Wheoler of al, 1982

Wheeler ot o), 1982
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Teble 6, (Continved)

Species Chenice) Ouration
Dlieton, Selenium m™n
Thallesslosirs sestivalis onide

o aftie Jun oo

Eftect

Mo ettect on
cell morphology

13358 Increase
fa growth
of thalll

Rosult ..
S$28A)®  Refereace
78,96 Thomes ot o), 1980e

2,605 'Fr.ln 198

®  Results ere expressed s selenfwm, not as the chemicel,

%  Calculated from the suthors' dete wsing the prodit method,
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