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INTRODUCTION

The purpose of these updates is to apply the methodology and .
datasets used in the derivation of the GLI aquatic life criteria
to the national aquatic life criteria for these pollutants in
fresh water. The methodology is that described for Tier I in
Appendix A to Part 132: Great Lakes Water Quality Initiative
Methodologies for Development of Aquatic Life Criteria and Values
(Federal Register 60:15393-15399; March 23, 1995). This
methodology differs from that described in the 1985 Guidelines
(U.S. EPA 1985) in the following important ways:

a. The GLI methodology gives preference to species that are.
resident in the Great Lakds System. This has no impact on
these criteria, however, because the sensitive species in
these datasets that are considered commercially or
‘recreationally important for the purposes of deriving national
‘aquatic life criteria are the same as the sensitive species in
these datasets that are considere¢ commercially or .
recreationally important for the purposes o: deriving GLI
aquatic life criteria.

b. The GLI methodology does not use the Final Residue Value (FRV)
that was used in the 1985 Guidelines. ' Instead of using the
FRV.in the derivation of aquatic life criteria, human health
and wildlife criteria are to be derived using guidelines that

are designed to provide adequate protection to human health
and wildlife. -

c. Acute-Chronic Ratios (ACRs) for saltwater species are not used
in the derivation of criteria for freshwater species if the
Minimum Data Requirements for chronic data are satisfied by
data for freshwater species.. .

Other aspects of the methodology are: qenerally 1dentical to those

presented in the 19585 Guidelines.

Although it is not part of the methodoloqy, if the ranqe of
Species Mean Acute Values (SMAVS) or Species Mean Chronic Values
(SMCVs) within a genus was greater than a factor of five, the -
Genus Mean Acute Value or Genus Mean Chronic Value was set equal
to the lowest SMAV .or SMCV in that genus to provide adequate
protection to the tested species in the genus. Whenever this was
done, it is footnoted in the relevant table.

The datasets used in these updates used new data that were

considered to be of acceptable quality along with the data in the
criteria documents previously published by the U.S. EPA, which .
are referenced in the section for each pollutant. "New data" are
data thatebecame available since the last literature search used
in the preparation of the criteria document by U.S. EPA and prior
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to January 1993. Some errors in the U.S. EPA criteria documents
were corrgcted and the new taxonomy for salmonids was used; some
SMAVs and GMAVs are different from those in the U.S. EPA criteria
documents due to the preference for results of "flow-through,
measured"” tests. Although some new data could have been used to
revise the slopes relating acute and/or chronic toxicity to
hardness or pH, ‘it was decided that revision was not necessary at
this time. Thus all of the slopes used herein are the same as
those used in the criteria documents previously published by the
U S. EPA.

These updates affect criterion concentrations (i.e., Criterion
Maximum .Concentrations and/or Criterion Continuous
Concentrations), but not averaging periods or frequencies of .
allowed exceedances. Four digits are given in the criterion
concentrations because these are intermediate values in the
derivation of permit limits.
The following abbreviations are used in this document.

ACR = Acute-Chronic Ratio

CCC = Criterion Continuous Concentration.
CMC = Criterion Maximum Concentration
FAV = Final Acute Value.
~FCV = Final Chronic Value
GMAV = Génus Mean Acute Value *
GMCV = Genus Mean Chronic Value
FACR = Final Acute-Chronic Ratio
SMACR = Species Mean Acuté-Chronic Ratio
SMAV = Species Mean Acute Value
. SMCV = Species Mean Chronic Value
L 8



1995 UPDATE'
Fréshwater Aquatic Life Criterion for Arsenic(III)

The new acceptable acute and chronic data for arsenic(III) are
given in-Tables Al and A2. These new data were used with those
given in Tables 1 and 2 of the criteria document for arsenic
(U.S. EPA 1985) to obtain the values given in Table A3.

Criterion Maximum Concentration (CMC)

The Final Acute Value (FAV) was calculated using the four lowest .
Genus Mean Acute Values given in Table A3, resulting in a FAV of
679.6 ug/L. This value did not need-to be lowered to protect a
commercially or recreationally important ‘'species. The CMC was
‘calculated by dividing the FAV by 2, resulting in a CMC of 3139,
uq/L, as total recoverable arsenic(III).

Criterion Continuous Concentration (CCC)

Irisufficient chronic toxicity data were'available to calculate a
Final Chronic Value -(FCV) using the eight-family procedure.
Sufficient chronic data were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). The
new chronic test gave an ACR of 3.784; the geometric mean of this
" value and the ACR in U.S. EPA (1985) for the same species was
4.199. This and the two other Species Mean ACRs in U.S. EPA
(1985) are given in Table A3; the three ACRs were within a factor
of 1.2, . The FACR was calculated as the geometric mean of the
three ACRs and was 4.594. The FCV = FAV/FACR = (679.6

ug/L)/ (4.594) = 147,9 ug/L. - This value did not need to be
lowered to protect a commercially or recreationally important
species. The CCC was .147.9 uq/L, as total recoverable
arsenic(III).

The'Criterion

The procedures described in the methodology indicate that, except
possibly where a locally important species is very sensitive,
freshwater aquatic organisms should not be affected unacceptably
if the four-day average concentration.of.arsenic(III) does not
exceed 147.9 ug/L more .than once every three years on the average
and if the one-hour average concentration does not exceed 339.8
ug/L more. than once every three years on the average.



Table Al. New Acuto-?alucs for Arsenic(III)

Test Acute
’ . ) Duration Value
Species Method®* Chemical (hecs) . (ug/L) Reference
Zathead minnow, ' Sodium Spehar and
Pimephales promelas T, M arsenite 96 12,600 Fiandt 1986
Cladoceran, . . Sodium Elnabatawy
Daphnia magna s,y arsenite 48 4,501 et al. 1986
Cladoceran, . ) Sodium - . ‘ Elnabarawy
Daphnia pulex s,u arsenite 48 2,366 et al. 1986
‘Cladoceran, . ) Sodium Elnabarawy
Ceriodaphnia reticulata s,V acsenite 49 1,269 et al. 198¢

.--‘----‘----ﬂ‘q‘.-- - L. L L L L L L L ¥ X L T T T ¥ ¥ ¥y

* £T = flow-through, M = measured, S = statié, U = unmeasured.



T'Sle A2. New Chronic Values for Arsenic(III)

.
o .

Acute Chronic

Acute-
Chronic
Ratio Reference

S Value Value
Species Test* {ug/L) (ug/L)
Fathead minnow, ELS 12,600 3,330

Pimephales promelas

3.784 Spehar and
Fiandt 1986

* ELS =-early life stage.

(1]



Table A3. Ranked Genus Mean Acute Values for Arsenic(III)

Lo .
Genus Mean Species Mean Species Mean
_ Acute Value o Acute Value Acute=Chronic
- Rank* (ug/L) ~ Species (ug/L) Ratio
14 97,000 Midge; ' © 97,000 ————
‘ . Tanytarsus dissimilis .
13 41,760 Bluegill, 41,760 —————
Lepomis mac:ochlrus
12 26,040 . Goldfish, ' ) . 26,040 2 ~eea-
. ' Carassius auratus .
11 24,900  Snail, . 24,800 ca——
Aplexa hypnorum '
10 22,040  Stonefly, 22,040 ca———
) Pteronarcys californica )
9 20,130 Flagfish, 20,130 4.862
' Jordanella floridae » d : )
8 18,100 . Channel catfish _ 18,100 —————
Ictalu:un punctatus : ;
. L] ‘ -
7 14,960 Brook trout, . . 14,960 . ————-
. Salvelinus fontinalis ' ‘
6 14,065 ~  rathead minnow, 14,063 4199
. Pimephales promelas
s 13,340 Rainbow trout, 13,340 © emee-
oncorhynchus myklss ' o
« 2,650 - Cladoceran, ‘ 4,449 4.748
Daphnia magna
Cladoceran, 1,626 2 =m==--
, Daphnia pulex .
3 1,511 - Cladoceran, 1,811 T memea
Ceriodaphnia reticulata
2 1,173 Cladoceran, 812 2 m=e-e-
Simocephalus serrulatus
Cladoceran, . ' 1,700 = ==e=-
- Simocephalus vetulus ’
1 874 Arphipod, 874 —
Gammarus pseudolimnaeus ‘
-
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* Ranked from mOSt resistant to MOSt sensitive based on Genus Mean Acute
value. o,

FAV » 679.6 ug/L
CHC = FAV/2 = 339.8 ug/L
FACR =-4.594 .
" FCV = FAV/FACR = (679.6 ug/L)/(4.594) = 147.9 ug/L = COC
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. : 1995 UPDATE:
“‘Freshwater Aquatic Life Criterion for Cadmium

The new acceptable acute and chronlic data for cadmium are given
in Tables Bl and B2. These new data were used with those given
in Tables 1 and 2 of the criteria document for cadmium (U.S. EPA
1985) to obtain the values given in Tables B) and B4."  Because
the toxicity of cadmium is hardness-dependent, all acute and
chronic values in Tables B3 and B4 have been adjusted to a
hardness of 50 mq/L.

Criterion Maximum Concentration-(CHCL

The SHKV: giveh in Table B3 for the green sunfish, blunqill. coho
salmon, and.rainbow trout were derived from U.S. EPA (1985) by
giving preference to results of "FT,M" tests. Several SMAVs
given in U.S. EPA (1985) were changed or eliminated due to

deletion of tests that were conducted in river wator by Spchdr
and Carlson (1984a,b). .

The Final Acutc Value (sz) was calculated using the tour lowest
Genus Mean Acute Values in Table B), .resulting in an FAV of 4.134
ug/L at a hardness of SO mg/L. This value did not need to be
lowered to protect. a commercially or :ccrcationally inportant
species. The CMC was calculated by dividing the FAV by 2, '
resulting in a CMC of 2.067 ug/L,” as total recoverable cadmium,
at a hardness of 50 mg/L. The CMC was related to hardness vsing
the slope of 1.128 that was derived in U.S. EPA (1985):

cMC = o 1.1_28_('lt't.hardr.qess) - 3.6867

Criterion Continuous Concentration (CCC)

Two chronic values given in U.S. EPA (1985) were not used here
because the tests were conducted in river water by Spehar and
Carlson (1984a,b). The chronic value given in U.S. EPA (1983)
for Moina macrocopa was not used here because the concentrations
- of cadmlun,wurc not measured. 4 _

Chrenie toxicity tests have been conducted on cadmium with a wide.
variety of aquatic species and the resulting ACRS have a wide
range, even within sensitive species (U.S. EPA 19835). Therefore,
the FinaleChronic Value (FCV) was calculated using the eight-
family procedure that was used to calculate the FAV and was used
to calculate the FCV for cadmium in U.S. EPA (1985). As in U.S.

B-1



EPA (1985), the FCV was calculated using the value of n used in
the calculation of the FAV (i.e., n = 43). The FCV was 1,4286
ug/L at a~hardness of S0 mg/L. This value did not need to be
lowered to protect a commercially or recreationally important
species. Thus thé CCC was 1.4286 ug/L, as total recoverable-
cadmium, at a hardness of SO mg/L. The CCC was related to
hardness using the slope of 0.7852 that was detived in U.S. EPA
(1985):

o 007 - -7
SCe = o ‘852‘(1nhatdness) 2 18

The Criterion

The p:occdures described in the methodology indicate that, except
possibly where a locally important species is very sensitive, .
_freshwater aquatic organisms should not.be affected unacceptably
if the four-day average concentration of cadmium does not exceed
the numerical value (in ug/L) given by the equation

cee = 0.7352 (in hardnqu) - 2,718

more than once avery three years on the average and if the
one-hour average concentration does not exceed the aumerical
value (in ug/L) given by th. cquauon

Qe = .‘1.128 (in har;!rx_oss)‘ - 3.6867

_ more than onc"o every 'thru‘ years on the average.



Table Bl. New Acute Values for c:gniu-

(0=-hr. eggn
oncorhynchus mykiss

Adjusted
Hardness Acute Acute
' (mg/L as Value Value

Species Method® CaCo,) (ug/L)  (ug/L)** Reference
~ Cladoceran, s,u 240 184 31.36  Clnabarawy
Ceriodaphnia reticulata et al. 1986
Cladoceran, .U 120 70 26.07  Hall et al.
Daphnia pulex 198¢
Cladocaeran, s,uU 200 s0 10.47 Kall et al.
Daphnia pulex 1986
Cladoceran, . s,u 200 - 100 20.94 Hall et al.
Daphnia pulex . 1986
Cladoceran, s,u 240 . 319 $4.37  Elnabarawy .
Daphnia pulex : et al. 1988
Cladoceran, s,V 240 170 30.3 Llnadbarawy
Daphnia magna : et al. 1988
Asphipod, ) s,u SO . 1700 1700 Martin and
Crangonyx pseudogracilis ¢ Holdich 1986
Crayfish, - s,V 26 - €100 12788 Micenda 1986
Orconectes virilis ’ :

Rainbow trout, TN 9.2 <0.9 <3.37 Cusimano and
oncorhynchus mykiss . Brakke 1986
Rainbow trout, g ¥}, ¢ S0 30 30 Van Leeuwen
‘oncorhynchus mykiss : : et al. 1983
Rainbow trout, M S0 10 10 van Leeuwen
oncorhynchus mykiss . et al. 1983
Rainbow trout - .M ¢ 30 9200 9200***  Van Leeuwen
(28-day eqg), . et al. 1983
Oncorhynchus mykiss

Rainbow treut R %0 7300 7500%%*  Van Leeuwen
(14-day egg), . et al. 1983
Oncorhynchus mykiss .

Rainbow trout T, SO . 13000 13000%**  Van Leeuwen
(24-hr. €q9g), : : - et al. 1983
oncorhynchus mykiss _

Rainbow ttogt‘ .M S0 . 13000 13000***  Van Leeuwen

et al. 1983



Table Bl. (Cont.)

., . .
Adjusted
Hardness Acute = Acute
- (mg/L as  Value Value :
Species Method® CaQQ,) (ug/L) (ug/L)** Reference
striped bass, s,U - 40 4 - 8,14 Palawski
Morone saxatilis ) - et al. 1983
striped bass, : s,U 293 10 . 1.4 Palawski

Morone saxatilis et al. 1903_._

* IT = flow-through, N = measured, 8§ o gtatic, U = unmeasuced.

** Adjusted to a‘hardness of 30 m3/L using a slope of 1.128.

eee Not used in the calculation of the SHAV boeauu data’ were unuablo for a
moze amxuvo 1ife stage,

.
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Table B2. New Ch:onxc Values for c;¢m1un :

he)

Species

Cladoceran,

Ceriodaphnia reticulata

Cladoceran,
Daphnia magna

Cladoceran,

Daphnia pulcx'

Cladoceran,
JDaphnia pulex

Cladoceran,
Daphnia pulex

Oligochaete,

Asolosoma headleyl

‘Adjusted
' Hardness Chronic Chronic
K . (mg/L as  Value Value
Test* CaCo,) {ug/L) (ug/L)**
7 240 0.4 0.12%%¢
e 240 €37 1.280ee
e 106 . 7.07 3.919
e 3 7.49 6.096
73 200 137 qeee
Le 23,19  20.%0

(1]

Reference

Elnabarawy
et al. 1986

Elnabarawy
et al. 1986

Ingersoll and
Winner 1982

. Nlodcrlehnc:

1984 7

Elnabarawy
et al. 1986 -

Niedeklehner
1984

. = life cycle.

LA Adjusted to a hardness of 30 mg/L using a slope ot 0.7882.

*** Not used in derivation of the criterion because the concentrations of

cadmium were not measured.

$}



Table B3.

Ranked Genus Mean Acute Values for Cadmium

. -
Genus Mean
Acute Value
Rank* (ug/L)**
BT 12753
42 8328
41 8100
40 7921
39 7683
3s ‘6915.
7 - 4990
36" 4577
- 3% 4778
n 4024
a3 4024
32 3800
3 3370
'So asie
29 3400
‘ k)
28 3018

Species Mean
Acute Value

Branchiuza sowerbyi

B-6

Species (ug/L)**
--L--.‘-----n------------.‘
" crayfish, 12753
Orconectes virilis
Goldfish, 8328
Carassius auratus
Damselfly, 8100
{(Unidentified) "
Tubificid worm, 7921
~ Rhyacodrilus montana
Mosquitofish, 7683
cambunin affinis
Tubificid worm, 6913
ks:ylodzilus hc:inqianul
rublticld worm,’ 4401
8p1:°lp.t!l‘£.t°l o .
_ Tubificid worm, 5638
Spirosperma nikolskyl
Threespine stickleback Ty
Gasterosteus aculeatus
Tubificid worm, - 4778
Varichaeta pacifica :
Pubificid worm, 4024
Tubifex tubifex
Tubificid worm, 402¢
Quistradilus multisetosus
sSnail, 3800
Annicola Spw -
GuppY, 35870
Poecilia :oticulata
White sucker, asie
Catostomus commersoni
Caddisfly, 3400
(Unidentified) '
Tubificid worm, - 3018



Table B3. (Cont.)
&y -

Genus Mean Species Mean
Acute Value Acute Value
Rank* {ug/L)*e - Species © {ug/L)ee
27 2888 Flageish, : 2008
Jordanella floridae
26 2400  Northern squ. ish, 2400
Ptychocheilus oregonensis .
23 " 2393  Green sunfish, ' 2399
Leponis eyanouut »
Pumpkinseed, : 1347
Lepomis gihbosus .
Bluegill, ) 4249.
Lepomis uc:octu.:us .o
24 2310 Mayfly, ° 2310
:phmnna qundu T
23 2137 'rubiticid worm, CLooan
Limnodrilus hoffmeisteri :
22 1700 Worm, ~ ) 1700
. . Nais .po ' ..
21 1700 Awphipod, ' 1700
) Crangonyx pseudogracilis ‘
20 " 1200 Midge, . 1200
Chironomus sp.
19 T 736 ‘American eel, 736
. Anguilla rostrata :
18 401  Isopod, . 401
‘ Asellus blemau )
17 '~ 221.9  Bryezoean, ' . 221.9
Plunatella m:qimn .
16 215.9 Commnon carp, _ 213.3
Cyprinus carpio
18 156.9  snail, : _ ' 156.9
. Physa gyrina .
14 142.9% Bryozoan, : 142.9
T - . Pectinatella magnifica
13 104.0  Snail, ' 104.0

Aplexa hypnorum -
B-7



Tible B3.

{Cont.)
]

.Genus Mean

Rank*

Acute Value
(ug/L)**

Species

Species Mean
Acute Value
(ug/L)**

12

11

10

o=d
) -

29.96

98.79.

74.99

"’o 2"
42.9

40.78

30.54

30.30

21.13

S.421

2.682%

Banded killifish,
Fundulus diaphanus

 Amphipod,

Gammarus pseudolimnasus

Amphiped,
Ganuu:us sp.

Cladoccran.
Ceriodaphnia :oticulata

.Isopod,

Lirceus alabamae

Cladoceran,
Moina macrocopa

Bryotzoan,
Lophopoedella ca:to:t

L

Fathead minnow,
Pimephales promelas

. Cladoceran, .

Simocephalus serrulatus

Cladoceran,
SLmoccphalus vetulus

cladocc:an,
Daphnia magna

Cladoceran,
Daphnia pulex

Coho salmon,
Oncorhynchus kisutch

Chinook salmon,’
Oncorhynchus tshawytscha

Rainbow trout,
Oncorhynchus mykiss

White perch,
Morone americana

Striped bass,
Morone saxatilis

B-8

98.79
80.33
70.00
48:28
'42.8
40.78
30.54
30.%0
33.5.
27.03
14.2
31.43
" 6.48
4.25¢
$.78
7544

2.682% e



Txole Bl.  (Cont.)

.
.
te

Genus Mean , Species Mean
" Acute Value Acute Value
Rank* {ug/L)*~ Spécies (ug/L)*~
¥ 1.647 Brown trout, 1.647
< Salmo trutta : . .
* Ranked from most resistant to most sensitive based on Genus Mean Acute
Value.,

-**° At hardness = 350 mg/L.

*¢+ The GMAV was set equal to the lowu: SMAV due to the lazqc nnqe in the
SMAVS in this genus. .

vee* This SMAV was based on the results reported by Palawski et al. (1983)
because they wWere considered better data than those given in U.S. EPA
(1985), although the data reported by Hughes (1973) supported the newer
data.

At hardness = 30 mg/L:
FTAV = 4.13‘ uq/l’.
CHC = FAV/2 = 2,067 uqlh

As a tun;:tion of hardnesa:

) cm .e 1.128({1ln hud:zou) - 3.6867

f] )



Table B4. Ranked Genus Mean Chronic Values for Cadmium

.y .

Species Mean
Chronic Value

Species (ug/L)**
Oquocha.to; 20.50
Aeclosoma headleyl )
Bluegill, 16.32
Lepomis macrochirus
Fathead minnow, 15.40
Pimephales promelas
Smallmouth bass, 8.170

" Micropterus dolomieu
Northern pike, 8.138
Esox lucius
¥White sucker, 7.849
Catostomus commarsoni
Atlantic salmon, 8.192
Salmo salar
Brown trout, 7.372
Salmo trutta -
"Flagfish, 3,336
Jordanella floridae ,
Snail, .4.04i
Aplexa hypnorum .
Brook trout, 2.362
Salvelinus fontinalis
Lake trout, ) 8.134
Salvelinus namaycush
Coho salmon, 4.289
oncorhynchus kisutch
Chinook salmen, 2.694
Oncorhynchus tshawytscha :
Cladoceran, . : 0.13%4
Daphnia magna : . '
.Cladoceran, 4.088

Daphnia pulex

Genus Mean
chronic Value
Rank*’ {ug/L)**
12 20.50
11 16.32
10 15.40
-9 8.170
j . -
“e 8.138
) © o 7.849
& 7.1
L8 $.336
7 4 ) 4.841
3 4.383
,/3“ 3.399
1 . 0.133400
=

. B-10



*° Ranked from most resistant to most sensitive based on Genus Mean Chronic
Value.

** At hardness = 30 mg/L.

*e* The GMCV was set equal to the lomt SHCV due to the 1a:qo range in the
SMCVs tot this gonus.

At hardness = S0 nqlt.:
FCV = 1.4286 ug/L = CCC  (calculated using n = 43)
As a tuncuop of hardness:

ééc .e 0.785%52 (I.n hndncu) -2.11%
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. . 1995 UPDATE: _
Freshwater Aquatic Life Criterion for Chromium(IfI)

The new acceptable acute data for chromium(IIl) are given in

Table Cl; no new acceptable chronic data were found. These data

were used with those given.in Tables 1 and 2 of the criteria

document for chromium (U.S. EPA 1984) to obtain the values given

in Table C2. Because the toxicity of chromium(III) is hardness-

dependent, all acute values in Table C2 have been adjusted to a
"hardness of 50 mg/L. N

Criterion Maximum Concentratlon (CMC)

The Final Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Values in Table C2, resulting in an FAV of 2044
ug/L at a hardness of S0 .mg/L. This value did not need to be
lowered to protect a commercially or recreationally important
species. The CMC was calgulated by dividing the FAV by 2, '
resulting in a. CMC of 1022 ug/L, as total: recoverable
chromium(III), at a hardness of SO0 mg/L. The CMC was related to
hardness using the slope of 0.819 that was derived in U.S. EPA
{1985)

oMC = o 0.819(1n"h§r'dxress) * 3{7256

_ Criterion Continuous COncentr;tion (CCC)y

.Insufficient chronic toxicity data were.available to calculate a
Final Chronic Value (FCV) using the eight-family procedure.
Sufficient chronic data were available to calculate a FCV by ,
dividing the FAV by the Final.Acute-Chronic'Ratio (FACR). SMACRs
were available for three speclies. (Table C2) and the highest SMACR
was obtained with the most resistant of the three. The other two
SMACRs were within a factor of 2.4. The FACR was calculated.as
the geometric mean of the two ACRs and was 41,84, The FCV =
FAV/FACR = (2044 ug/L)/(41.84) = 48.85'ug/L at a hardness of 50
mg/L. This value did not need to be lowered to protect a:
commercially or recreationally important species. Thus the CCC'
was 48.85 ug/L, as total ‘recoverable chromium(III), at a hardness
of 50 mg/L. The CCC, was related to hardness usinq the slope of .
. 0.819:

: *

cec = 0 819(1n hardness) + 0.6848



.,. ‘l

The Criterion

The procedures described in the methodology indicate that, except
possibly where a locally important species i8 very sensitive,
freshwater aquatic organisms should not be affected unacceptably
"if the.four-day average concentration of chromium(III) does not
exceed the numerical value (in ug/L) given by the equation

| ccc_°0.819(1n ha:glness) + 0,6848

uion than once evetry three years on the average and if the

- one=hour average concentration does not exceed the numerical
" value (in uq/L) given by the oquation '

' oMC = 0 819(1n ha:dness) & 3.7256

more than once every three years on tho_averaqc.

¥



Table Cl. New Acute Values for Chromium(III)
- .

. Adjusted
Hardness Acute Acute
(mg/L as Value Value

Species : Method* CaCo,) (ug/L) (ug/L)** . Rctoronéo'
Amphipod, ‘ .8,U 50 291,000 291,000  Martin and

Crangonyx pseudogracilis . _ Holdich 1986

e 8 = static, U = unmeasured.- '
I A Adjuatod to a hardness of 50 mg/L using a llop. of 0.819.



Table 'C2. Ranked Genus Mean Acute Values for Chromium(III)

Genus Mean ' Species Mean Species Nean
Acute Value . B Acute Value Acute-Chronic
Rank* (ug/L) *e Specles * : (ug/L)** Ratio
19 291,000 Anphipod, c 291,000 mecce
o . Crangonyx pseudogracilis :
18 71060  caddisfly, - 71060 -
Hydropsyche betteni-

17 $0000 Caddistly, 30000 ) cocna
’ Unidentified P, . .
16 43100 Damselfly, ° 43100 wocoe

: , Unidentitied sp. ' ‘

13 16010  Cladeceran, | " 16010 >336.4vee
Daphnia magna _ s ‘
14 13630 = Banded killifish,’ ) 13630 ccnen
Fundulus diaphanus .
13 " 13370 Puspkinseed, | 13720 —
lLepomis gibbosus e -t
Bluegill, ’ 13020 ccccs
Lepomis macrochirus
12 14770 White perch, : . 13320 cesen
Morone amsricana
":1’“ b‘..' * . . 1‘3?0 -eees
Morone saxatilis )
11 13230  Cowmon carp, 13230 | emee-
: Cyprinus carpioe ) )
10 12860 _American eel, - 12860 | eseee
. - Anguilla rostrata
9 . 11000 Midge, 11000 e
. - Chironomus sp. . : .
] 10320 Fathead ainnow, . 10320 . 27.30
Pimaphales promslas
7 10210  .Sasil, . ' 10210 ° | eeses
Asnicola sp. . :
6 . 9669 Raindbow trout, 9669 64.11
o oncochynchus mykiss
) . 9300 . Worm, 9300 cocna
. ‘Nais sp. *



Table C2. (Cont.)

Genus Mean ‘ Species Mean Species Mean

Acute Value ) . Acute Value Acute=-Chronic
Ranke* (ug/L)*e Species (ug/L)** Rat1o
4 8684  .Goldfish, oo 8684 c——-
Carassius auratus
3 7083 GuppY, | e 7083 = eeeee
. Poecilia reticulata .
2 3200 mhipad' . ) . . 3290 - o

Gammarus sp.

U 2221,  Maytly, » 2221
lphmnnl lubvaru R

L Ranked from most nlutlnt to most sensitive based on Genus Mean Acute

Value.
** At hardness = 50 ng/L.
tee Not uud in the calcuution of the I'inal Acutc-Chronic Ratio.

At hardness = 30 mg/L: -

nv"- 2044 ug/L

CMC = FAV/2 = 1022 ug/L
As a function of hardness:

. .

0.819 (1n hardness) + }.7256

- . CHC = e

FACR = 41.84
At hardness = 30 mg/Lt |
FCV = FAV/FACR = (2044 mg/L)/(41.84) = 40.05'-ug/:. = cCC
As a :ur'xcuon of hardness: '

CoC = o 0.0}9(1:: bu:dnn_s) ’.0'““
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. | 1995 UPDATE: ,
Freshwater Aquatic Life Criterion for Chromium(VI)

The new acceptable acute data for chromium(VI) are given in Table
Dl;. no new acceptable chronic data were used. These new data
were used with those given in Tables 1 and 2 of the criteria
document for chromium (U.S. EPA 1985) to obtain the values given
in Table D2.

Criterion Max imum Concentration {CMC)

The Final Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Values given in Table D2, resulting in-a FAV of
+32.04 ug/L. This value did not need to be lowered to protect a
commercially or recreationally important species. The CMC was
calculated by dividing the FAV by 2, resulting in a CMC of 16.02
ug/L, as total ‘recoverable chromlum(VI) _

Criterion Continuous Concentration (CCC)

Insufficient chronic toxicity data were available to calculate a
" Final Chronic Value (FCV) using the éight-family procedure.
Sufficient chronic data were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). Eight
SMACRS were available (Table D2), but three were high SMACRs that
were obtained with resistant species and one was a. “greater than"
value. Of the eight, only four were appropriate for use in
calculating the FACR and the four were within a factor of 6. The
FACR was calculated as the geometric mean of these four and was
12.917. The FCV = FAV/FACR = (32.04.ug/L)/(2.917) 10.98 ug/L.
This value did not need to be lowered to protect a commercially
or recreationally important species. 'The CCC was 10.98 ug/L, as
. total recoverable chromium(VI).

The Criterion

The procedures described in the methodology indicate that, except
possibly where a locally important speciles is very sensitive,
freshwater aquatic organisms should not be affected unacceptably
if the four-day average concentration of chromium(VI) does not
exceed 10,98 ug/L more than once every three years on the average
and if the one-hour average concentration does not exceed 16.02
ug/L more~ than once every three years on the average.



Taible DI1.

Species

Methqd*

New Acute Values for Chromium(VI)

Chemical

Acute Value

(ug/L)

Reference

-y - T e TP SR e 8 n TR A B R R Ep R S S Gn D SR T e G G e W G G P YR W SR S wn R e SR ST R A S S R e ¥R - W Gm W b e Gm TS D MR R G A = W A

Cladoceran,
‘Daphnia magna

‘Cladoceran,
Daphnia magna

Cladoceran,
- Daphnia pulex

Clgdoccfan,
Daphnia pulex

Cladoceran,
Daphnia pulex

Cladoceran,
Daphnia pulex

Cladoceran,
Daphnia pulex

Cladoceran;
Daphnia pulex

Cladoceran;
Daphnia pulex

Cladoceran,
Daphnia pulex .

Cladoceran,
Daphnia pulex

Amphipod,
Crangonyx pseudogracilis

Amphipod, .
Crangonyx pseudogracilis

Bluegill,
Lepomis macrochirus

Bluegill, _
Lepomis macrochirus

Bluegill,
Lepomis macrochirus

-

K-dichromate
Na-dichromate

K-dichromate

K~dichromate

.K-dichromate

K-dichromate
K-dichromate
deicht:maté
Na-dichromata

K-dichromnté

K~dichromate

. K-dichromate
K-dichromate -
" K-dichromatas

K-dichromate

K-dichromate

D=2

112+
170%+
190%+
20w+
20"
40*'
L 40nw
122#
180**
180*+
420
810
182,000**
154, 0004+

201,240*~

Berglind . and
Dave 1984

Elnabarawy
et al. 1986

Dorn et al.
1987

Dorn, et al.
1987

Dorn, et al.
1987 .

Dorn, et al.
1987

Dorn, et al.
1987

Dorn, et al.

© 1987

Elnabarawy
et al. 1986

Jop ﬁt
al. 1987

Jop et
al. 1987

Martin and
Holdich 1986

Martin and

-Holdich 1986

Jop et
al. 1987

Jop et
al., 1987

Dorn et
al. 1987



Table D1. (Cont.)

M e e - S e o - . AR ) M G TS AN TS b G G e e S S e M S S T W T e e G A S e . W D - A . W S W T G AR . - e - W

Bluegill,
Lepomis macrochirus

Bluegill,
Lepomis macrochirus

Bluegili,
Lepomis macrochirus

Bluegill,
Lepomis macrochirus

‘Bluegill,
Lepomis macrochirus

'Fathead_mlnnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

Method*

Chemicgl

K-dichromate

K~-dichromate

K-dichromate

K-dichromate .

KQdichromato:

K-dichromate

K-dichromate

K-dichromate

K-dichromate

Acute Value

(ug/L)

164,730**

199,200*+
158,360**

148,310*~

. 146,3530**.

' 46,000%*
34,000%*
26,130**

26,410~

Reference

Dorn et
al. 1987

Dorn eﬁ
al, 1987

' Dorn et

al. 1987

Dorn et
al. 1987

Dorn et
al. 1987

Jop et
al. 1987

Jop et
al. 1987

Dbrn et
al. 1987

Dorn et

al. 1987

- o - " > - = = = s = =0 e - - - - o e s e 0 = e - > - - - - - - o - -

* S = static, FT = flow-through, M = measured, U = unmeasured.

** Not used in the calculation of the SMAV because data were available for

this species.from a "FT,M" test.



Table D2.

-,
.

Genus Mean
Acute Value
(ug/L)

Ranked Genus Mean Acute Values for Chromium(VI)

Species Mean
Acute Value

Speéies;Mean
Acute-Chronic
Ratio

- - e o Y . S . D WP S e m Am e e e s G S WD WS G O M e S D A S A e D A e A B A D O WS e A N W N S T AR A S G e -

26

25

24
23
22

21

20
19
.18
17

16

1,870,000
176,000
140,000

123,500

119,500
72,600
69,000

67,610

61,000
59,000
57,300

51,250

49,600

It

Species A A (ug/L)
Stonefly, 1,870,000
Neophasganophora capitata '

. Crayfish, 176,000
Orconectes rusticus L
Damselfly, ' S 140,000
Enallagma aspersum
Green sunfish, = . 114,700
Lepomis cyanellus
Bluegill, . 132,900
Lepomis macrochirus
Goldfish, o 119,500
Carassius auratus
white crappie, ’ ‘ 272,600
Pomoxis annularis
Rainbow trout, ' . 69,000

* oncorhynchus mykiss
Emerald shiner, - 48,400
Notropis atherinoides
Striped shiner, 85,600
Notropis chrysocephalus
sand shiner, ‘ 74,600
Notropis stramineus _
Midge, : ' 61,000
Chironomus tentans
Brook trout, ' 39,000
Salvelinus fontinalis :
Midge, - 57,300
Tanytarsus dissimilis
Cent:ai'stoneroller, 51,2%0
Campostoma anomalum
silve:ﬁaw minnow, 49,600

Ericymba buccata

- -

260.8**

- -

- - - -

- - -



T.ble D2. (Cont.)

N “
e

Genus Mean . , . Species Mean Species Mean
: ‘Acute Value Acute Value Acute-Chronic
Rank* {ug/L) Species _ - (ug/L) o Ratio
15 47,180 Bluntnose minnow, : 54,225 B
: . : Pimephales notatus
Fathead minnow, v 41,050 18.55%+
Pimephales promelas
" 14 . 46,000 Johnny darter, 56;000 -----
’ Etheostoma nigrum
13 36,300 Yellow perch, 36,300 2 ====- '
: Perca flavescens
12 30,450 Striped bass, 730,450 S
Morone saxatilis . E
11 30,000 Guppy, . 30,000 0 —e---
Poecilia reticulata v
10 23,010 Snail, ‘ 23,010 = ~mee-
Physa heterostropha '
9 1,560 Bryozoan, 1,560 . [
: Lophopodella carteri ,
.8 ' 1,440 . Bryozoan, 1,440 . m-me-
Pectinatella magnifica
7 650 Bryozoan, . : 650 —————
. Plumatella emarginata :
6 630 Amphipod, . - 630 _ —————
: Hyalella azteca :
s 583 Amphipod, | - Y
o Crangonyx pseudogracilis
4 67.1 Amphipod, ‘ 67.1 ———--
S : Gammarus pseudolimnaeus
3 435.1 Cladoceran, 45.1 1.13
’ ' Ceriodaphnia reticulata
2 36.35 Cladoceran, 40.9 2.055
Simocephalus serrulatus :
Cladoceran, ©32.3 5.267

Simocephalus vetulus



Table D2. (Cont.)

Genus Mean . Species Mean Speciei Mean
Acute Value Acute Value Acute-Chronic
Rank* {ug/L) Species {ug/L) Ratio

1 ‘ 28.94 Cladoceran, : 23.07 >6.937+*
Daphnia magna :

- cladoceran, a 36.3 5.92
Daphnia pulex

- - - — - T G - - Wn W A P B W G S G A e W et Y D G R M . T P SR e b T G G R = WP S W TP GO WD A - S WP T T > T MG D S WS W W W = e e

* Ranked from most resistant to most sensitive based on Genus Mean Acute
Value, v ) : '

** Not used in tl!.a calculation of the Final Acute-Chronic Ratio:

FAV = 32.04 ug/L
CMC = FAV/2 = 16,02 ug/L
FACR = 2.917 - ‘ .

" FCV = FAV/FACR = (32.04 ug/L)/(2.917) = 10.98 ug/L = cCC

4%
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1995 UPDA‘I’E.
«?reshwater Aquatic Life Criterion for Copper

The new acceptable acute and chronic data for copper are given in
Tables E1 and E2. These new data were used with those given in_
Tables 1 and 2 of the criteria document for copper (U.S. EPA
'1985) to obtain.the values given in Table E3. Because the

toxicity of copper is hardness-deépendent, all acute values in
Table E3 have been adjusted to a hardness of 50 mg/L.

Criterion Maximum Concentration (CMC) -

Data given in U.S. 'EPA '(198S) for the species Gammarus pulex were
not used because this species is not resident in North America. ..
. Several SMAVs ‘given in Table E3 were derived from U.S. EPA (1985)"
by giving preference to results of "FT,M" tests. :

The Final Acute Value (FAV) was calculated uainq the four lowest
Genus Mean Acute Values in Table E3, resulting in an FAV of 14.57
. ug/L at a hardness of 50 mg/L. This value did not need to be
lowered to protect a commercially or recreationally important
species.” The CMC was calculated by dividinq the FAV by 2, .
resulting in a CMC of 7.28%5 ug/L, as“-total recoverable copper, at
a hardness of- S0 mg/L. The CMC was related to hardness using the
slope of 0.9422 that was derived in U.S. EPA (1983):

cMe = 0 9422 (1n hardness) - 1.700

Criterion Continuous Concentration (CCC)

Insufficient chronic toxicity'data were available to calculate a
Final Chronic Value (FCV) using the eight-family procedure. !
Sufficient chronic data were available to calculate a FCV by-
dividing the FAV by the Final Acute-Chronic Ratio (FACR). The
new chronic test gave an ACR of 15.48 with the fathead minnow;
the geometric mean of this value and the four ACRs for this
species in U.S. EPA (1985) was 11,20. SMACRs were available for
nine species (Table E3) and were higher for resistant species.
To make the FACR appropriate for sensitive species, it was

~ calculated from the two SMACRs that were determined with species
whose SMAVS were close to the FAV. Thus the FACR was calculated
as the geometric mean of 3,297 and 2.418 and was 2.823., The FCV
= FAV/FACR = (14.57 ug/L)/(2.823) = 5,161 ug/L at a hardness of
50 mg/L. “This value did not need to be lowered to protect a
commercially or recreationally important species. Thus the CCC

E-1



was 5.161 ug/L, as total recoyerablé copper, at a hardness of 50
mg/L. The-CCC was related to hardness using the slope of 0.8545
that was derived in U.S. EPA (1985):

'0.8545(1n hardness) - 1,702
cCC = e ‘ . '

fhe Criterion

The procedures described in the methodology indicate that, except
possibly where a locally important species is very sensitive,
freshwater aquatic organisms should not be affected unacceptably
if the four-day average concentration of copper does not exceed
the numerical value (in ug/L) given by the equation

cce = e 0..85.45(111 .hardnesa) - 1'.702

more than once avery threa years on the average and if the
one-hour average concentration does not exceed the numerical
value (in ug/L) given by the oquation )

afe = 0 9422 (1n hardness) -1.700

more than once every three years on the average.



- Talle L1, N%v Acute Values for Copper

Adjusted

Rardness Acute Acute
(mg/L as Value . Value

Species Method* - CacCy,) (ug/L) (ug/L)** Reference
Cladoceran, . s,u 240 23 $.2 Elnabarawy
Ceriodaphnia reticulata - et al. 1986
Cladoceran, . 8,u 240 a T 9.4 Elnabarawy
Daphnia magna . . et al. 1986
Cladoceran, s,u 200 @ 7.1 Elnabarawy
Daphnia pulex . _ o et al. 1986
Amphipod, - 8,V 30 1290 1290 Martin and )
Crangonyx pseudogracilis . g Holdich 1986
“Aslatic clam, TN 17 _>2600 >7184 Harrison
Corbicula manilensis - ' - ) et al. 1984
Midge, o X 4 739 8N Kosalwat and
Chironomus decorus _ ' T ) Knight 1987
fathead minnow, M 43 . 96 109 Spehar and
Pimephales promelas . , . . Fiandt 1986
Bluegill, ' M . 3.2 340 §30¢0ee Balley et
Lepomis macrochirus . ) ] vn. *1989
Bluegill, r,un N.2 330 138 Balley et
Lespomis macrochirus - - +at, 1983
Rainbow trout, .. TTNM .92 2.8 1 Cusimano and "
Oncorhynchus mykiss . ) ' ) ' . Brakke 1986
striped bass, - ERY 208° ° 270° 82  Palawski
Morone saxatilis . et al. 1988

¢ 8 = gtatic, IT = flow-through, U = unmeasured, M:= msasured.

** padjusted to a hardness of 30 mg/L using the slope of 0.9422.

*** Not used in the calculation of the SMAV because data wesre available for
this species from a "IT,M" test. ' '



Table E2. New Chronic Values for Copper

~ -
. Acute Chronic  Acute-
Value Value Chronic
Species Test® (ug/L) (ug/L) Ratlo Reference )
Fathead minnow,, ELS 96 6.2 13.48°  Spehar and
. Pimephales promelas ) Fiandt 1986
* ELS = early.life stage.



mabriculul vui.oqttus
£-5

242,17

Table £3. Ranked Genus Mean Acute Values for Copper
Genus Mean Species Mean Species Mean
Acute Value - -Acute Value Acute-Chronic
Rank* (ug/L) ** speclies (ug/L)~* Ratio
43 10240 stonefly, : 10240 ceace
Acroneuria lycorias
42 > 7184 . Asiatic clam, > 7184 cccns
- Corbicula manilensis
a 16200 Caddisfly, 6200 canea
Unidentified sp. .
" 40 4600 . Damselfly, 4600 conea
Unidentified sp. _ .
39 . 4308 American eel, 4303 ce—on
: Anguilla rostrata .
as 1990 Craytish, 1990 cccea
rrocubam cluul ‘
37 1877 Snall, ) 1877 186.200¢
. . Campeloma doel.n- )
36 1397 Craytish, ) 1397 ————
. Orconectes rusticus
33 11390 Asphipod, 1290 cenae
c:mqouy: pnudoqncuu . :
L] | 1087 mm.‘d' ' “0.’ ascns
‘uponu gibbosus ' ’
Bluegill, ° 1742 37,9600
: upcnu nctoeum
¥ | 900 snail}, - 900 e
; Amnicola sp.
32 790.6¢ Sanded killitish,- 790.6¢ concn
. Tundulus diaphanus . :
-} O €84.3 Mozambique tilapia €84.3 cccca
Tilapia mossambica
30 3.8 striped shiner, ' _ 321.8 weona
. Notropis chmocephu\n .
29 209 coldfish, : 289 cece-
. Carassius auratus
- . o
2. }‘201 'Oﬂ. aceal



Table E3. ~ (Cont.)
o A .
Genus Mean Species Mean Specles Mean
Acute Value Acute Value Acute-Chronic
Rank* (ug/L)** Species . (ug/L)** Ratio -
27 196.1 Mosquitofish, 196.1 conae
Gambusia affinis .
. 26 170.2~ tudqc. 197 e
Chironomus tentans N
* mdq.' .3‘ * >ewmwmee
Chironomus dedorus
mdq.' 30 LD LT g
Chironomus sp.
e 25 * 1“02 3“‘11' 1‘6.2 o eee
Goniocbasis livescens ’
- 24 156.8 Common vc“l:p. . 156.8 ceaae
Cyprinus carpio A
a3 . 141.2 ©  Rainbow darter 86.67 R,
. ' .Etheostoma caeruleum
Orangethroat darter, 230.2 canee
. Etheostoma spectablile
22 1318 Bryozoan, ' 138 ceaee
R ) Pectinatella mgnitica .
Y 21 133 Chiselmouth, '* 133 Camm-
- Acrocheilus alutaceus .
¥~ 20 110.4  Brook trout, ) 110.4 7.776% e
- salvelinus fontinalis )
7< 19 109.9 Atlantic ulaon. 109.9 conca
: ul.lo salar
18 97.9 n\mtnon mninnow, 72.16 '26.36%
Pimephales notatus .
Fathead minnow, : + 132.9 11.20%¢°
Pimephales promelas
1?7 %50 Worm, | 90 cacna
Nais sp. '
16 86.67 Blacknose dace, ’ 86.67 cnaea
Rhinichthys ar.ntulun
a



Table :5. {Cont.)
°2

Genus Mean . Species Mean Species Mean
Acute Value Acute Value Acute-Chronic
Rank* (ug/L)** - .Speclies ' (ug/L)** Ratio
15 . .83.97 Creex chub, - _ 83.97 ———--
. Semotilus atromaculatus ‘
14 0 GuppY, C 83 aceee
Poecilia reticulata
13 ~ 78.38  Central stoneroller, . 78.88 e
: : CAnpostoun anomalum :
>< 12 73.99 Coho salmon, 87.1 ——mee
oncorhynchus kisutch '
sockeys salmon, . : 233,§ I,
oncozhynchus nerka. v
Cutthroat trout, : 66,26 crncw
Ooncorhynchus clacki .
Chinook salmon, T 42026 > 4.4730ee
Oncoczhynchus tshawytscha
Rainbow trout, <. 38.89 S
oncorhynchus mykiss : o
11 69.81 Brown bullhead, . 69.81 meme=-
Ic;alu:u:'nobulcaun )
10 $6.21 Snall, 1 1% 3§ cncae
Gyraulus circumstriatus
[ XY .
9 $3.08 Worm, * $3.08 cncan
. Limnodrilus hoffmeisteri »
. "~ Morone Annticanus
striped bass, ' $2~=~ e
Hotono saxatilis
7 39.33 8Snall, 33.91 conee
Phytn hctc:ost:opht '
Snail,- : 43,07 3.883000
Physa integra C. .
.G' 37.0% Bryozoan, : 37.08 ceecae
- Lophopodella carteri
58 37.08  Bryozoan, ' 37.08 e
. ] .‘Plunntclla emarginata

© g7



".'.\blo £3. (Cont.)

%
* Genus Mean ~ Species Mean Species Mean
Acute Value Acute Value . Acute-Chronic
Rank* {ug/L)** Species (ug/L) e Ratio
o4 22.09 Amphiped, 22.09 3.297
Gammarus pseudolimnasus .
X 2 16.74 Northern squawfish, 16.74 c———-
’ Ptychocheilus oregonensis
2 14.48  Cladoceran,. | 15.08 2.418
Daphnia magna | : '
Cladoceran, " 16.9 ---;--'
Daphnia pulex : ’
. Cladeceran, . 9.263 R,
Daphnia pu.ucun . :
1 9.92 - Cladoceran, . 9.92 cecone

Ceriodaphnia’ nucuhn

*e
L 2 2 ]

L 1 J

o4

unkod from most :uuunt to most umm\n based on Genus Mean Acute
Value.

At hardness = 30 mlr.. |

Not used in the calculatien ot the rinal Acut.—t:h:onic Ratio.

‘ This GMAV was not set equal to the lowest SMAV because the species was

not identified and so might have been C. tentans or C. decorus.

This GMAV was set equal to the lower SMAV due to the large range in the
SMAVS in this genus.

This SMAV was based on the results reported by Palawaki et al. (198%)°
because they were -considered batter data than those given in U,.S. EPA
(1983), although the data reported by Hughes (1973) supported r.h. newer.
data. .

At hardness = 50 mg/L:

FAV = 14.37 ug/L
cMC = TAV/2 = 7,283 uq/:.

As a tunction of hardness:

oMC = @ 0.9422 (1n hardness) - 1.700.

" FACR = 2.823

: Ar.~ha:dx_1u.' = 80 mg/L:



FCV = FAV/FACR = (14.357 ug/L)/(2.823) = 3,161 ug/L = CCC

As a function of hardness:

. f - 1.7
ccC oo 0 GSl‘S(ln hardqou) 1.702

A3

1)
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1995 UPDATE:
Freshwater Aquatic Life Criterion for Cyanlde

No new acceptable acute or chronic data were found for cyanide.
Therefore, the data in the existing criteria document for cyanide
(U.S. EPA 1985) were used as the basis for the derivation of this
criterion. The new taxonomy for salmonids was used (Table F1),
but this did not cause a change in the criterion for cyanide.

Criterion Maximum Concentration (CMC)

The Final Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Values given in Table Fl, resulting in a FAV-of
45.77 ug/L. Because the SMAV of the commercially and
.recreationally important rainbow trout was 44.73 ug/L, the FAV
was lowered to 44.73 ug/L. The CMC was calculated by dividing

the FAV by 2, resulting in a CMC of 22.36 ug free cyanide (as
“CN) /L.

Criterion Continuous-ConCentration (CCC)

Insufficient chronic toxicity data wére available to calculate a
Final Chronic Value (FCV) using the eight-family procedure.
Sufficient chronic data were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). Five
SMACRs are available (Table Fl), but one was a high SMACR that
was obtained with a resistant species; the other four were within
a factor of 1.5. The FACR was calculated as -the geometric mean
of these four and was 8.568. The FCV = FAV/FACR = (44.73
ug/L)/(8.568) = 5,221 - ug/L., This value does not need to be
lowered to protect a commercially or recreationally important
species. The CCC was 5.221 ug free cyanide (as CN)/L.

The Crlterion

The procedures described in the methodology indicate that, except
possibly where a locally important species is very sensitive,
freshwater aquatic organisms shoéuld not be affected unacceptably
if the four-day average concentration of free cyanide (as CN)
‘does not exceed 5.221 ug/L more than once every thrr.e years on
the average and if the one-hour average concentration daes not

exceed 22.36 ug/L more than once every three years on the
.-average.s



Table Fl. ‘Ranked Genus Mean Acute Values for Cyanide

Rank*

e

Genus Mean
Acute Value
(ug/L)

Species

Species Mean
Acute Value
(ug/L)

Species Mean
Acute-Chronic
Ratio

A e e . A e G AV o G S e e e W AR W wm i W D VR ST D G S AR R WS =S W we M B A W W WS AR SE WU R wm YT wE W = A A =n e

14
13
12
11

10

426
318
167
147

T 125.1

123.6

102

102
99.28
92.64
80.00
85.80

44.73

F&the&d minnow,

Midge, .
Tanytarsus dissimilis

Isopod, :
Asellus communis

Snail,
Physa heterostropha

sStonefly,
Pteronarcys dorsata

Goldfish,
Carassius auratus

" Amphipod, .
Gammarus pseudolimnaeus

Guppy.
Poecilia reticulata
Pimephales promelas

cladocéran,
Daphnia magna

Cladoceran,
Daphnia pulex

Larqamouth bass,
Micropterus salmoides

_Black crapbie, .
Pomoxis nigromaculatus

Bluegill,
Lepomis macrochirus

: Yeliow perch,

Perca flavescens

Atlantic salmon,
Salmo salar

Brook trbut,
Salvelinus fontinalis -

Rainbow trout

. Oncorhynchus mykiss

-2

426
319
167
147
125.1
160

95.55
102
102

~99.28
92.64
90.00
85.80

44.73

- -

68.29**

- -

- -

- -

- - m -
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* Ranked trém.most resistant to most sensitive based on Genus Mean
Value. :

** Not used in the calculation of the Final Acute-Chronic Ratio.

Calculated FAV = 45.77 ug/L

howercd to protect :ainpow trout:
FAV = 44.73 uq/L

CMC = FAV/2 = 22.36 ug/L

FACR = 8.568

rcv -_rAV/rach = (44.73 ug/L)/(8.568) = 5.221 ug/L = CCC

30



References

' U.S. EPA.” 1985, RAmbient Water Quality Criteria for. Cyanide -
1984, EPA 440/5-84-028. National Technical Information Service,
Springfield, VA. o : ' '



1995 UPDATE:
Fréshwater Aquatic Life Criterion for Mercury(II)

The new-acceptable acute data for mercury(II) are qiven in Table

J1; no new chronic data were used. These new data were used with

- those given in Tables 1 and 2 of the criteria document for
mgrcury(II) (U. S EPA 1985) to obtain the values given in Table

J L ]

»

Criterion Maximum Concentration (CMC)

The Final ‘Acute Value (FAV).was calculated using the four lowest
Genus- Mean Acute Values given in Table J2, resulting in a FAV of
3.388 ug/L. This value did not need to be lowered to protect a
.commercially or recreationally important species. The CMC was
~calculated by dividing the FAV by 2,. resuitinq in a CMC of 1.694
_uq/L as total recoverable mercury(II)

A}

Criterion COntinuous Concentration (CCC)

Insufficient chronic toxicity data were availablo to calculate a
Final Chronic Value (FCV) using the eight-family procedure.
Sufficient chronic data were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). ACRs
ware given for two freshwater species and one. saltwater species
in U.S. EPA (1985). The ACR nbtained with.the more resistant
fathead minnow was much higher than.the other two. The ACR
obtained with the saltwater mysid was 3.095 and was similar to
the Species Mean Acute-Chronic Ratio of 4.498 for Daphnia magna.
The FACR was calculated as thé geometric mean of the two SMACRs
and was 3,731, The FCV = FAV/FACR = (3.388 ug/L)/(3.731) =
0.9081 ug/L. This value did not need to be'lowered to protect a
commerclially or recreationally important species. The CCC was
0.9081 ug/L as total recoverable mercury(rr).

The SMACR of >649.2 for the fathead minnow (Tabla J2) was not
used in the calculation of the FACR because this species is
acutely resistant to mercury(II). This SMACR is the geometric
mean of >646.2, which was based on a ‘life-cycle test, and >652.2,
which was based on an early life-stage taest. These two ACRsS are
80 large that the two chronic values of <0.26 and <0.23 ug/L are
both lower than the CCC of 0. 9081 ug/L. Because the high SMACR
was based on two tests with a fish and the two low SMACRs were
obtainedswith invertebrates, it is quite possible that other
fishes have SMACRS close to 649.2. The following estimated -

J-1



chronic values were obtained using Species Mean Acute Values from
Table J2 and an estimated ACR of 649.2:

Species Species ‘Mean Estimated

' Acute Value Chronic Value
Rainbow trout o 275 ug/L 0.42 ug/L
Coho salmon 240 ug/L . 0.37 ug/L
Bluegill _ 160 ug/L . 0.25 ug/L

'All three of these estimated chronic values are for important
species and are more than a factor of two lower than the FCV of
0.9081 ug/L. ' In addition, the SMACR for the fathead minnow is
greater than 649.2. Thus the CCC of 0.9081 ug/L might not
adequately protect such important fishes as the rainbow trout,
coho salmon, and blueqill.

The Criterion

.The procedures described in the methodology indicate that,: except
possibly where a locally important species is very sensitive,
freshwater aquatic oxganisms should not be affected unacceptably
if the four-day average concentration of mercury(Il) does not
exceed 0.5081 ug/L more than once every three years on the
average and if the one-hour average concentration does not exceed
1.694 ug/L more than once every three years on the average. The
concentration of 0.'081 ug/L might not adequately protect such
important fishes as the rainbow trout, coho salmon, and bluegill.



Tiole J1. New Acute Values for Mercury(II)

. .~
.

Acute
: Value

Species Method* (ug/L) Reference
Cladocaran, ‘Elnabarawy |
Ceriocdaphnia- reticulata s,V 2.9 et al. 1986
Cladoceran, ‘ Elnabarawy
Daphnia magna, s,u 9.6 et al. .1986
Cladoceran, . . Elnabarawy
Daphnia pulex © 8,V 3.8 et al. 1986
Amphipod, ’ , : Martin and

- Crangonyx psoudoq:acilis s,u _ 1.0 Holdich 1986
Midge, - B . Rossaro .
Chironomus :ipatius S, M o 750 et al. 1986
Mosquitofish, . Paulose 1988
Gambusia affinis s3,u 230 . '
Walking catfish, Kirubagaran
Clarias batrachus . v 2?3 and .Joy 1988
‘Fathead minnow, Spehar and
Pimephales promelas ' IT,M <12 - Fiandt 1986 -
GuppY, B , . . Khangarot ~
Poecilia raticulata . R,U . 26

and Ray 1987

* 8 = gtatic, R =» :enownl. FT = flow-through, U = unmeasured, M = mnasu:ed.
** Not used in the derivation of the criterion .because the corresponding 48«

he LCSO is 470 ug/L, which is an unusually 1;:9. doc:oa.o in tho LCSO from
40 to 96 hours.



Table J2. Ranked Genus Mean Acute Values for Mercury(II)

Rank;

27
26
'25
24
23

22

21
20

19

18
17
16

13

L7

Genus Mean

Acute Value
(ug/L) Species
----- -------B----‘--------------’ﬁ----------- -
2000 ‘Stonefly,
Acroneuria lycorias
2000 Mayfly,
Ephemezella subvaria
2000 Caddisftly,
: Hydropsyche b.ttcn;
1200 - Caddisfly,
_(Unidentified)
1200 Damselfly,
(Unidentified)
1000 Worm,
Nais sp.
1000 Hozamﬁlquo tilipia
i Tilapia mossambica .
406.2  Tubificid worm,
-Spirosperma ferox
Tubificid worm,
Spirosperma rikolskyl
3718 Walking catfish,
Clarias batrachus
370 Snall, ) :
Aplexa hypnorum
237 Coho salmen, =
oncorhynchus kisutch
Rainbow trout,
oncorhynchus mykiss
230 Tubificid worm,
Quistadrilus multisetosus
240 Tubificid worm,
Rhyacodrilus montana
203 Mosquitofish,
. - Gambusia affinis
. .
180 Tubificid worm,

Limnodrilus hoffmeistari

J-4

Species Mean Species Mean
Acute Value Acute-Chronic
(ug/L) Ratlo

2000°
2000
2000 = eme--
1200
1200

© 1000

*1006 ' cemea
330 0 eeeem
800 S
313 -,
o -
240 " aaee
218 R
P17 J—
0 S

203 S



Yak-e J2. (Cont.)
) .

Genus Mean

- W D W WD WD T WD W -

Acute Value
Rank* (ug/L)
14 163
13 160
12 140
11 140
10 ‘12200
9 100
8 80
? 80
6 50
s 28
4 20
3 10
2 | " 3.3
1 2.9
%

Species ‘Mean Species Mean

Ceriodaphnia reticulata.

e Acute Value
Spacies ' (ug/L)
Fathead minnow, 163
Pimephales promelas .
Bluegill, 160
Lepomis macrochirus
Tubificid worm, 140 .

. Tubifex ‘tubifex
Tubificid worm, . ) 140
Stylodrilus heringlanus
Midge, ; 20
Chironomus sp. .

" Midge, 750
Chironomus riparius .
Tubificid worm, 100
Varichaeta pacifica * '
Tubificid worm, 80
Branchiura sowerbyi ..
snall, 80
Amnicola’sp.

Crayfish, 30
Orconectes limosus .
GubPYo o 28
Poecilia reticulata

Craytish, . 20
raxonella clypeatus

Axphipod, " 10
Gammazus sp. :
Cladoceran, 3.7
Daphnia magna

clad:ceran, 2.9
Daphuia pulex ,
Cladoceran, 2.9

J=5

Acute-Chronic
Ratio

LY L T T 1 T L L LT ¥

> 649.2**
4.498



. Ranked from most resistant to most sensitive based on' Genus Mean Acute
Value. '

** Not used in the calculation of the Final Acute-Chronic Railo. '
*** This QMAV was not set equal to the lowest SMAV because the species was
not identified and so might have been C. riparius. ‘

TAV = 3,388 ug/L
| CMC = FAV/2'= 1.694 ug/L
" FACR = 3.721 ' ‘

FCV = FAV/FACR = (3.388 ug/L)/(3.731) = 0.9081 ug/L = ccn

The CCC of 0.9081 ug/L might not adequately protect such 1n§oztant fishes as
the rainbow trout, coho salmon, and bluegill (see above). - *
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, : 1995 UPDATE:
Freshwater Aquatic Life Criterion for Selenium

The new accéptable acute data for selenium are given in Table N1;
no new acceptable chronic data were found. These new data were
used with those given in Tables 1 and 2 of the criteria document

for selenium (U.S. EPA 1987) to obtain the values given in Tables
N2 and N3

Selenium(IV):

Criterion Maximum Concentration (CMC)

The Final Acute'Value (FAV) was calculated using the four lowest
Genus Mean Acute Values given in Table N2, resulting in a FAV of
371.8 ug/L. This value did not need to be lowered to protect a
commercially or recreationally important species.: The CMC was

calculated by dividing the FAV by 2, resulting in a CMC of 185.9
ug/L.

Criterion Continuous Concentration (CCC)

Insufficient chronic .toxicity data wére available to calculate a
Final Chronic Value (FCV) using the eight-family procedure.
Sufficient chronic data were available to calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). Four
Species Mean ACRs were availahle (Table N2), but the one
determined with the acutely resistant species was higher than the
other three; the three were within a factor of 2.4. The FACR was
calculated as the geometric mean of the three and was 7.998. The
FCV = FAV/FACR = (371.8 ug/L)/(7.998) = 46,49 ug/L. As in U.S.
EPA (1987), this value was lowered to 27.6 ug/L to protect the

commercially and recreationally important rainbow trout.. The CCC
was 27.6 uq/L.

Solanium(VI)&

~Criterion Maximum Concentration (CMC)

The Final Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Values given in Table N3, resulting in a FAV of
25.066 ug/L. This value did not need to be lowered to protect a
commercially or recreationally important species. The CMC was

calculated by dividing the FAV by 2, resulting in a CMC of 12,533
ug/L.



i

0

Criterion Continuous Concentration (CCC)

Insufficiént chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-family procedure.
Sufficient chronic data were available to calculate a FCV by
dividing the FAV by the Final Acute~Chronic Ratio (FACR). Three
Species Mean ACRS were availlable (Table N3), and they increased
as the acute sensitivities of the species increased. .To make the
FACR appropriate for sensitive species, it was set equal to the
SMACR of 2.651 for the sensitive Daphnia magna. The FCV =
FAV/FACR = (25.066 ug/L)/(2.651) = 9,455 ug/L. This value did
not need to be lowered to protect a commercially or
recreationally important species., The CCC was 9.455 ug/L.

Tbtal’aelanium:

As discussed in U.S. EPA (1987), field studies conducted on
Belews Lake in North Carolina suggested that selenium might be
more tokic to certain species of freshwater fish than had been
observed in laboratory chronic toxicéity tests. Based upon these
field studies and some laboratory studies, the CCC for total
selenium was set at 5 ug/L. The Final Acute-Chronic Ratio for
total selenium was calculated as the geometric mean of the six
ACRs in Tables N2 and N3 that are between 2.5 and 16.5 and was
7.737.  The FAV was calculated by multiplying the CCC by the FACR

' and was 38.68 ug/L. The CMC was calculated by dividing the FAV

by 2, resulting in a CMC of 19.34 ug/L as total recoverable
selenium, .

The Criterion

The procedures described in the methodology indicate that, except
possibly where a locally important species .is very sensitive,
freshwater aquatic organisms should not be affected unacceptably
if the four-day average concentration of selenium does not exceed
5 ug/L more than once every three years on the average and if the
one-hour average concentration does not exceed 19.34 ug/L more
than once every three years on the averaqe



Table N1. New Acute Values for Selenium

‘s

. ' Acute Value
Species Method* Chemical {ug/L)

Reference
Cladoceran, S,U Na-selenite 680 Johnston .1987
Daphnia magna [Selenium(IV}]
Cladoceran, S,U Na-selenate 750 Johdston 1887
Daphnia magna (Selenium(VI))

- e R R R By N P G W WS WD WE G YD R SR G A S S e D W WP W G Wt g GA WS Gb AR WD SE S A G i G G B AR G SR S N R D W WS D T G M W Ty E A W P S e A W A GG S SV AR v
.

* § = static, U = unmeasured,

Py



Table N2. Ranked Genus Mean Acute Values for Selenium(IV)

Genus Mean
Acute Value
{ug/L)

Species Mean
: : Acute Value
Species (ug/L)

Species Mean
Acute-Chronic
Ratio

Rl R R R e R R R e N e e e TS

‘20
19
18
17
16
15
14
13
12
11

10

203000
42509
35000
34910
30176
28500 -
26100
25934
24100
13600
12600
11700
10490
10200
6500

2704

‘Leech, 203000
Nephelopsis obscure '

Midge, 42500,
Tanytarsus dissimilis

Common carp, 35000
Cyprinus carpio

Snail, o . 34910
Aplexa hypnorum

White sucker, : . 30176
Catostomus commersoni ’ h
Bluegill, ' 28500
Lepomis macrochirus ‘
Goldfish, e 26100
Carassius auratus )
Midge, ’ 25934 .
Chironomus plumogus :
Snail, _ - 24100
Physa sp. . ’

Channel catfish, 13600

Ictalurus punctatus

Mosquitofish, ' 12600

Gambusia affinis

Yellow Perch, ) : 11700
Perca flavescens

Rainbow Trout, ' 10490
Oncorhynchus mykiss

Brook trout, 10200

Salvelinus fontinalis

rlagfish, : 6500
Jordanella floridae

Amphiped, . - 2704
Gammarus pseudolimnaeus

- - -



Table N2. (Cont.)

Genus Mean

Species Mean Species Mean
Acute Value : Acute Value Acute~Chronic
Rank* {ug/L) Species ' (ug/L) Ratio
6 . 1796 Cladoceran, | 834 : 13.31
- -Daphnia magna
Cladoceran, o 1g70 5.586
Daphnia pulex '
5 1783 Striped bass, B 1783 e
. Morone saxatilis
q 1700 ' Hydra, 3 : r 1700 eeee-
Hydra sap. ' : ’
3 . 1601 Fathead minnow, 1601 6.881
' .Pimephales promelas -
2 <603.6 Cladoceran, ' " <603.6 =0 ===e-
Ceriodaphnia affinis -
b 340 . Amphipeod, . ' 340 0 mee=-

Hyalella azteca

- e e D G A W TS . W - - - -

B o W B W e T U W ) R D R D W R G G D G WD W B R R G W WO W A N R R W R e

* Ranked from most resistant to most sensitive based on Genus Mean Acute
‘ Value.

. ** Not used in the calculation of the Final Acute-Chronic Ratio.

FAV = 371.8 ug/L

CMC = FAV/2 = 185.9 ug/L

FACR = 7.998 |

FCV = FAV/FACR = (371.8 ug/L)/(7.598) = 46.49 ug/L
Lowo:c& to protect rainbow troﬁt:

FCV = 27.6 ug/L = CCC

b1 ]



Table N3. Ranked Genus Mean Acute Values for Selenium(VI)

Genus Mean

Species Mean
Acute Value

Species MeanA
Acute-Chronic
Ratio

O . A o Y WD D N W WD s S e A S W M B T WD W A WS b W W P G W A A G W S T T Y W e R D S G D o A AR W S TS W G A A WD o W . —— e

. Acute Value
Rank*. (ug/L)
11 442000
10 193000
9 66000
8 o 63000
K 4;000
6 2oobo
5 : 7300
4 - 5500
3 760
2 5%0.1
1 65.38

Species A (ug/L)
Leech, ~ - 442000
Hephelopsis obscura
Snail, | 193000
Aplexa hypnhorum -
Channel catfish, ’ 666C0
Ictalurus punctatus
Bluegill, 63000
Lepomis macrochirus
Rainbow trout, 47000
Oncorhynchus mykiss
Midge, - o 20000
Paratanytarsus parthenogeneticus
Hydra, : 7300
‘Hydra sp. ’ o
Fathead minnow, g 5500
Pimephales promelas
Amphipod, . ' 760
Hyalella azteca ' '
Cladoceran, o 1230
Daphnia magna :
‘Cladoceran, 246
Daphnia pulicaria
Amphiped, - S 65.38

Garmarus pseudolimnaeus

- o v -

- - -

* Rﬁnked from most
value.

FAV = 25.066 ug/L

CMC = FAV/2 = 12.533 ug/L

FACR = 2.651

N-6

resistant to most sensitive based on Genus Mean Acute

FCV = FAV/FACR = (25.066 ug/L)/(2.651) = 9.455 ug/L = cCC
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