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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 Develcpment 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 Lakes 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 considered commercially or
recreationally important for the purposes of 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. , ‘ : S

€. 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. o o -

Other aspects of the methodology are generally identical to those

presented in the 1985 Guidelines.

Although it is not part of the methodology, if the range 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. o

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 thatwbecame available since the last literature search used

in the préparation of the criteria document by U.S. ERA and prior

iv




- SMAVs and GMAVs are different from those in the U.S. EPA criteria
- documents due’ to the pPreference 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
U.S. EPA.

These updates affect criterion;concentratiQnSg(i,e., Criterion.
MaximumAConcentrations'and/or‘Criterion Continuous L
Concentrations), but not averaging periods or frequencies of .
allowed exceedances. Four digits are giVenfin the criterion
cOncentrations'becaUse these are intermediate values in the
derivation of permit limits. = : o ‘ o

The following ‘abbreviations are used in this .document:

- 'ACR = Acute-Chronic Ratio o '
ccc Criterion'Continuous‘Copcentraticn
cMC Criterion Maximum Concentration.
FAV Final Acute Value. . '
FCV Final Chronic Value
GMAV Genus Mean Acute Value ~
GMCV- Genus Mean Chronic Value
FACR Final Acute-Chronic Ratio L
SMACR Species Mean Acute-Chronic Ratio.
SMAV Species Mean Acute Value -
SMCV Species MeanyChroni; Value
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; 1995 UPDATE: :
Freshwater Aquatic Life Crlterlon for Arsenlt(III)

The new acceptable acute and chronic data for arsenic(III) are
glven 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 glven 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 130 |
ug/L, as total recoverable arsenlc(III)

!

Criterion Continuous Concentration (CCC)

Insufficient chronic tox1c1ty data were’ avallable 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
spec1es. The CCC was -147.9 ug/L, as total recoverable
arsenic(III).

The Criterion

The procedures descrlbed ln the methodology lndlcate 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 Acute Values for Arsenic(III)

T , ' R Test = Acute ‘
. - o : _ . S ~Duration Value o
Species o - Method*  Chemical . ' (hrs) (ug/L) = Reference -
Fathead minmow, = ‘ - Sodium - . - Spehar and , -
Pimephales. promelas . FT,M " arsenite - 96 12,600 Fiandt 1986 , A
Clédoceran, o . Sodium’ , ' . - Elnabarawy ‘
Daphnia magna ., . s8,u- . arsenite .48 4,501. - et al. 1986
Cladoceran, ' . ' -+ 7 sodium Lo ‘~,.- ‘ , ; ’ Elnabarawy“

. Daphnia pulex . 5,U arsenite. 48 2,366 et al. 1986
Cladécgran, - : I vSodium  ‘_l T ‘Elnabarawy
Cericdaphnia reticulata’ 3S,U ~ .arsenite . 48 ©..1,269 etial. 1986 .
"""""""""""" N | o LT
* FT = flow-through,‘M = measured, S = statié( U = unmeasured.

il ’
-
A-2 o ) .




T-ole A2. New Chronic Values for Arsenié(III)

.‘Acute - Chronic Acute-
. § Value Value Chronic
Species - Test* (ug/L) (ug/L) Ratio Reference

e o o e e e e e e e e e e e e e e e e o = = o it o ot ot o e 8 0 o ) e i e ot e e o e o

Fathead minnow, ELS 12,600 3,330 3.784 Spehar and‘
Pimephales promelas Fiandt 1986

s
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Table A3.

Ranked Genus Mean Acute Values for Arsenic(III)

.. . A

' Genus Mean
Acute ‘Value .

(ug/L)

" Species

Species‘Mean
Acute Value
(ug/L)

Species Mean -

.Acute-Chronic

. Ratio

12
11

10

’26,046

24,500,
22,040
20,1307

=18,100

14,960 .

14,065
13,340

- 2,690

1,511

1,175

‘Ictalurus punctatus

*Midge, " )
JTanytarsus dlSSlmlllS -

Slueglll,
Lepomis macrochirus .

Goldfish,
Cara551us auratus

Snall, .
Aplexa hypnorum

'Stonefly, .
FPteronarcys callfornlca_\

Flagflsh,

Jordanella floridae

Channel catfish

‘e

Brook trout,

Salvellnus fontlnalls ’

Eathead minnow,
Pimephales promelas

Rainbow trout,

foncorhynchus myklss

'.Cladoceran,'

Daphnia magna. ;

Cladoceran,”
. Daphnia pulex

cladoceran,f
Ceriodaphnia- retlculata

Cladoceran,

Slmocephalus serrulatus

-Cladoceran,
»Slmocephalas vetulus

Amphlpod

 Gammarus pseudollmnaeus

24}566'
;;z{ogo'
zo,isb: 
18,100

14,960

A

14,065

ié,§4o :
4,449
i,szsA
;§$11
812

1,700

> s

“onn e

-ty

_._'_.._____.______..__-..__..___-_--__‘..___..._..___.....___,-....____-_..._..__-_.___..__-__-_._._




* Ranked from most resistant to most $ensitive‘bésed on Gehus Mean Acute
Value. o

FAV 679.6 ug/L

FAV/2 = 339.8 ug/L

cMC
FACR = 4.594
FCV = FAV/FACR = (679.6 ug/L)/(4.594) = 147.9 ug/L = ccc 3

A

=
g
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. c . 1995 UPDATE: .
“Freshwater Aquatic Life Criterion for Cadmium -

The new acceptable acute and chronic 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 B3 .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 mg/L. ‘

:

Criterion Maximum Concentration (CMC)

The SMAVs given in Table B3 for the green sunfish, bluegill, 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 water by Spehar
and Carlson (1984a,b).

The Final Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Values in Table B3, .resulting in an FAV of 4.134
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 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 usin
the slope of 1.128 that was derived in U.S. EPA (1985): '

- 1.128 (1n hardness) - 3.6867
CMC = e : "

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 c¢hronic value given in'U.S. EPA (1985)
for Moina macrocopa was not used here because the concentrations
of cadmium were not measured.

Chronic 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 1985). 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 50 mg/L. This value did not need to be
.lowered to protect a commercially or recreationally important .
species. Thus the CCC was 1.4286 ug/L, as total recoverable .
cadmium, at a hardness of 50 mg/L. The CCC was related to S
-hardness using the slope of 0.7852;thatywas.derived‘in U.s. EPA -
(1985) : B ‘ : o
C : _ _ 0.7852 (1n hardness) - 2.715
. Ccc=e TITT

'The Criterion

' The procedures described in théAméthodongy’ihdicate,thét, except
» POssibly where a'locally-importént'speCie§ 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 = '

- 0.7852 (1n hardness) - 2.715 =
'CCC==e. g : ! . . .
more_thaﬁ once every threé'yearSfdn'ghe avefage and,iffthe§,-'
one-hour average concentration does not exceed the numerical
value (in ug/L) “given by the equation - < B T
o 1.128 1n hardness) - 3.6867
CMC = & ! A AL 'f)," ver

' more than once every three years on the average. ..




Table Bl. New Acute Values for Cadmium

Species

Method*

Kl

Hardness

(mg/L
CacCo,

as .

)

Acute
Value

“(ug/L)"

Adjusted
Acute

Value

(ug/L)*=*

Reference

T e e e e e o o e e e o e e e o e e o = e o e e e i S e s e e e it e e o A e 2 . o e et e o e o e

Cladoceran, .
Ceriodaphnia reticulata

Cladoceran,
Daphnia pulex

Cladoceran,
Daphnia pulex

Cladoceran,
Daphnia pulex

Cladoceran,
Daphnia pulex

Cladoceran,
Daphnia magna

Amphiped,
Crangonyx pseudogracilis

Crayfish,
Orconectes wvirilis

Rainbow trout, ,
Oncorhynchus mykiss

Rainbow trout,
Oncorhynchus mykiss

Rainbow trout,
Oncorhynchus mykiss

Rainbow trout
(28-day egq),
Oncorhynchus mykiss

Rainbow trout
(l4-day egqg),
Oncorhynchus mykiss

Rainbow trout
(24-hr. eqq),
Oncorhynchus mykiss

Rainbow troyt
{0O~-hr. eggw
Oncorhynchus mykiss

FT,M

FT,M

FT,M

FT,M

FT,M

FT,M

FT,M

120
200
- 7200

240

. 240

50

26

50
50

50
50
50

50

‘e

o
100
319‘
178,
1700
6100
<O;5‘
30
;d,

9200

7500

' 13000

13000

. 10.
20.
S54.

30.

47

94 -

37

1700

127s
<3.3
30

10

9200%**
7500%%*
13000%**

13000***

5

7

Elnabafawy
et al. 1986

Hall et al.
1986

Hall et al.
1986

.'Hall et al.
"1986

Elnabarawy
et al. 1986

Elnabarawy,
et al. 1986

Martin and

- Holdich 1986

Mirenda 1986
Cusimano and
Brakke 1986

Van Leeuwen
et al. 1985

‘Van Leeuwen

et al._1985

Van Leeuwen
et al. 1985

Vén Leeuwen
et al. 1985

Van Leeuwen
et.al. 1985

Van Leeuwen
et al. 1985
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Tablé Bl. ‘(Comt.) - - I

e, -

Adjusted

Hardness  Acute . Acute

‘ - S {mg/L as .+ Value Value .

Species - - : . ‘Method* - CaCOﬂ‘ ‘,(ug/Llr, (ug/L)**

istrlped bass, R oo8,u 40 - g 75;14
‘Morone saxatllls P : o ' : -

Str;ped bass,) . e s,u - 285 - © .10 2; 1.4 -

Morodne saxatilis E ) ) o -

* PP = flow—through M= measured 'S = static, U = unmeasured:
** " Adjusted to a hardness of 50 mg/L using a slope of.1. 128.

Reference

‘Pelawski

et al. 1985

Palawski
et al 1985

fallad _Not used in the calculation of the SMAV because data were avallable for a

more sensxtlve life stage.
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Table B2. New dhronic Values for Cadmium

Adjusted
Chronic
Value
(ug/L) **

Reference

Cladoceran,
Ceriodaphnia reticulata

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia pulex

Cladoceran,
Daphnia pulex

Cladoceran,
" Daphnia pulex

Oligochaete,
Aeolosoma headleyi

o v - — e — -

* LC = life cycle.

** Adjusted to a hardness of 50 mg/L
*** Not used in derivation of the crit

LC
LC
LC

LC

S e e e e e e e e e e e e e e e e e o

cadmium were not measured.

-~
-

Hardness Chronie
(mg/L as Value
CaCQ;) (ug/L) .
240 0.4
240 4.3
106 7.07
65 7.49
240  13.7

65 25.19

0.12***

1.25%%x

3.918

6.096

4***

using a slope of 0.7852.
erion because the concentrations of

et al.

Elnabarawy
et al. 1986

Elnabarawy
et al. 1986

Ingersoll and
Winner 1982

Niederlehner
1984

Elnabarawy
1986

Niedekrlehner

1984




Table;

41

40

39

38

37

36

. 3 5 i

34

33

32

31

30

29

28

B3. Ranked Genus Mean Acute

L)

Genus Mean

Acute Value’

(ug/L)f*

8100
7792;’
f7685’
f‘s§1§x

4990

4977
:43?8'
- 4024
4024\
38091:
3570
‘3514'
3400

3018

Species

.Crayflsh,

Orconectes v1rllls

Goldﬁ;sh,v*
Carassius auratus '

3’vDamselfin . ‘ .
" (Unidentified) - '

Tubificid worm,

" Rhyacodrilus moqtana'

Mosquitofish,

. Gambusia affinis’

Tubificid worm, .
Stylodrilus:héringianu;‘

. Tubificid worm,’
Splrosperma ferox

.

Tubificid worml‘

. Spirosperma‘nikolskyiﬁ

uThreesplne stlckleback

Gasterosteus aculeatus.

Tublflc1d wo:m,

. Varichaeta pacifica

fTﬁbificid.wcrm;vc

Tubifex tubifex

Tub1f1c1d worm,

Qulstradllus multlsetosus

Snail, o
,Amnicola'spk :

Guple :
Poecllla retlculata :

Whlte sucker,‘”

A-Catostomus commersoni

‘Caddlsfly,

(Unldentlfled)

" Tubificid worm,

Branchiura sowerbyi . -~

. B-6

Values for Cadmium

Species Mean

- Acute Value .,
“(ug/L) ** -

- 8100
:i47§éi' 
" 7e8s

6915
4401

5658

ao77 - 7

4778
”‘4Q24

4024”(J
'v:38§67' 

,3576
"i551€'i
',‘3;06‘

3018

-




Table B3. (Cont.)

Genus Mean - ‘ _~ - Species Mean

Acute Value ‘ Acute Value
Rank* {ug/L)*~* Species ‘ . (ug/L)**
27 2888 Flagfish, o : . 2888 : ' SN
Jordanella florldae ‘ '
26 2400 Northern squawfish, .2400
Ptychocheilus oregonensis _—
25 2395 Green sunfish, - . 2399
Lepomis cyanellus
Pumpkinseed, - ’ 1347
Lepomis gihbosus .
' Bluegill, . 4249, ,
- Lepomis macrochirus .
24 2310 Mayfly, ’ - 2310
: Ephemerella grandls ,
23 . 2137 Tubificid.worm, . 2137
_ Limnodrilus hoffmeisteri
22 1700 Worm, | y - 1700
Nais sp. N
21 1700 Amphipod, = B 1700 .
Crangonyx pseudogracilis "
20 1200 Midge, , ‘ - . 1200
Chironomus sp, v
19 " 736 . American eel, ‘ 736
Anguilla rostrata '
18 401 Isopod, : ' . 401
Asellus blcrenata _ ‘ ‘ ‘ -
17 221.9  Bryozoan, R - 221.9 5
Plumatella emarglnata '
16 215.5 Common carp, ' 215.5 . v
Cyprinus carpio ‘ ) '
15 156.9 Snail, B 1156.9
Physa gyrina
14 142.5 Bryozoan, - . 142.5
. Pectinatella magnifica
13 104.0 Snail, . © 104.0

y

Aplexa hypnorum.

B=7




2 _T§Ble B3. (Coﬁt;)m. : L s
Genus Mean . . . = .. ' . .Species Mean
. . Acute Vvalue - . E , : . Acute Value . o
Rank* (ug/L)** . .Species . - 5 S (ug/L)*x o S
12 98.79 Banded killifish, . 98.79
: - Fundulus diaphanus - i "
11 . 74.99 - Amphipod, . . . ' R 80.33
. L . Gammarus pseudollmnaeus 1' ‘
' ' Amphlpod,v I s . 70.00 5
, Gammarus sp. o
+10 . 48.28°  Cladoceran, = S0 as.28
' o *Cerlodaphnla retlculata' e
9 42.8 . Isopod, IR - 4a2.8 S
' Lirceus alabamae . 3 ) :
8 40.78 cladoceran, " . - . a0.78 ) ,
o Moina macrocopa L . o ' e .-
7 30.54 Bryozoan,' ‘ ‘ T . 7 30.54
o Lophopodella carteri :
6 - 30.50  Fathead minnow, ~ - . - . 30.50
' : Pimephales promelas : "
5 . 29.96 ’Cladoceran, ' S T 33.2 ' v' o
: S ‘Slmocephalus serrulatqu’ : B ) ;
‘ Cladoceran, o ' . 27.03 ' '.n," . -
Slmocephalus vetulusv-' ' ' o :
4 21.13 Cladoceran, =~ .~ . 14.2
. : “  Daphnia magna. . .
. Cladoderan, .. 31.43 '
: Daphnla pulex ' ‘ v
3 _ 5.421  coho salmon, S T s.a8
| L Ooncorhynchus kisutch - :
Chinook‘salmon, o ’ ;'l4.2545
Oncorhynchus tshawytscha’ : B
Rainbow trout, ' 5.78
. Oncorhynchus mykiss - P
2 2.682*** White perch, o 154
T . 7. Morone americana : :
Striped bass, - . ] T 2.682%%xw
Morone saxatilis S ' '
- ¢ B-8.




Tusle

- o

*

L2 A
* kA

s Je Yo de

B3. (Cont.)
Genus Mean ' ' Species Mean
Acute Value' - i T Acute Value
(ug/L) ** Species . {ug/L)*~*
1.647 Brown trout, :  1.647

Salmo trutta

- 2 2 o 00 e e s a8 TS o T~ . 1 T A o o o o o e > s o vt o . o = e — o

Ranked from most reSLStant to most senSLtlve based on Genus Mean Acute
Value. . . : )

At hardness = 50 mg/L. ' ‘ ‘

The 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 Palawski et al. (1985)

because they were considered better data than those given in U.sS. EPA
(1985), although the data reported by Hughes (1973) supported the newer -
data. ' - ‘ . . o

At hardness = 50 mg/L:

FAV = 4,134 ug/L

.t

CMC = FAV/2 = 2,067 ug/L

As a function of hardness:

1.128 (1n hardness) - 3.6867.
CMC = e i Coe )

L4
-~




. Table B4.

Genus Mean-

(ug/L)**:
12 20.50
11 16.32
10 15.40
9 S8.170°
'8 §.138
7 - 7.849
&  71.171
5 . 5.336
4 4.841
3 . 4.383
2 - 3.399
1 . 0.1354%**
-

. Chronic Value

'Ranked Genus Mean Chronic Values for Cadmium

‘Species

Oligochaete, '
Aeolosoma headleyl

Blueglll,

' Lepomis macrochirus

_ Fathead minnow, i}
. Pimephales promelas.

Smallmouth bass,

‘Micropterus dolomieu

Norfthern pike,
Esox lucius

White sucker, o
Catostomus commersonl .

‘ Atlantlc salmon,'
. Salmo salar'f

Brown trout, -
Salmo trutta

Flagfish, ‘ o o
Jordanella floridae ’

Snall, . T .

Aplexa hypnorum

"Brook trout,

Salvelinus fontlnalls

Lake trout,
Salvelinus namaycush

" .Coho salmén,

Oncorhynchus kisutch

‘Chinook salmon,

Oncorhynchus tshawytscha j

Cladoceran, .
Daphnia magna-

Cladoceran,:

Daphnia pulex r

Spédies Mean
Chronic value
(ug/ L) **-

15.40
Js.i7oJ 
-(8.138
.'7t849
E 3.192
57372“
5.336
g.s4i‘
2:352 oy
‘,8;i§4 :
- 4.z§§
2.694
0.1354/

. '4.888




Value.

** At hardness =
do v s

50 mg/L.

SMCVs for this genus.

At hardness = 50 mg/L:

ccc

FCV = 1.4286 ug/L =

As a function of hardness:

cce = e

(calculated using n =

0.7852 (1ln hardness)

Ranked from most resistant to most sensitive based on Genus Mean.Chtonic

The GMCV was set equal to the lower SMCV due to the large range in the

43)

-2.715

A
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R o 1995 UPDATE
‘ Freshwater Aquatlc Llfe Crlterlon for Chromlum(III)

The new acceptable .acute data for chromlum(III) are glven in
Table Cl; no new acceptable chronic data were found. These data

"~ were used with those glven ‘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 tox1c1ty of chromlum(III) is hardness-
‘dependent, all acute values 1n Table C2 have been adjusted to a

hardness of 50 mg/L.

Crlterlon Max1mum Concentratlon (CMC)

The Flnal Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Values in Table. c2, resultlng in an FAV of 2044 -
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 dividing the FAV by 2,
resulting in a CMC of 1022 ug/L, as total recoverablej :
chromium(III), at a hardness of 50 mg/L. ‘The CMC was related to
hardness using the slope of-0.819 that was derlved in U.S. EPA
(1985)

- cmc -0 819(ln hardness) +.3.7256

hCrlterlon Contlnuous Concentratlon (CCC)

Insuff1c1ent chronlc tox1c1ty data were avallable to calculate a
Final . Chronlc Value (FCV) using the eight-family procedure.
Sufficient chronic data were available to calculate a FCV by -
;leldlng the FAV by the Final.Acute- -Chronic' Ratio (FACR). SMACRs'

. were available for three species. (Table C2) .and the highest SMACR

- 0.819:

- 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)/(4l 84) = 48.85 ug/L at a hardness of 50
mg/L. Thls 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 chromlum(III), at a hardness
of 50 mg/L. ' The CCC, was related to hardness uSLng the slope of

.o, 81,9(ln hardness) + 0. 6848
CCC ? e

LI




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 chromium(III) does not
exceed the numerical value (in ug/L) given by the equation’

0.819 (1ln hardness) + 0.6848
’CCC=e . : . ~

more than once every three years on theﬁaverage and if the
one-hour average concentration does not exceed the numerical
value (in ug/L) given by the equation

0.819 (1n hardness) ‘+ 3.7256

4

CMC = e

more than once every three years on.the.average.
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Table Cl.

,Amphlpod

- .Crangonyx pseudograc1lls‘

* S = statlc,

‘Method*

" os,U

U = unmeasured.;

HardnessQ
{mg/L as
Caco,)

'New Acute.Values for Chromium(III)

Acute‘
Value

(ug/L)

291,000

vvbAdjusted

Acute
Value

(ug/L)+*

291,000

*x Adjusted to a hardness of 50 mg/L u51ng a slope of 0. 819.

Reference -

e e e e e e e :—_—-‘---‘—-""-—"'—'_"—-"-,_"-—--'f“?-_-;"—_-_--:_-‘-—‘—?-—
. ' . . . . s

' Martln and .

Holdich 1985

...._.________,___-__-..__._____..___-________-_—___-__________.._.___._..__-_..__'.__...‘____.




Table C2. Ranked Genus Mean Acute Values for Chromium(III) : » s

Genus Mean o S Species Mean Species Mean

Acute Value o Acute Value Acute-Chronic
Rank* (ug/L) ** Species ‘ . (ug/L)** Ratio

19 291,000  Amphipod, - 291,000 J— , ,
Crangonyx pseudogracilis _ ' ‘ ; ‘ 3

18 ' 71060, Caddisfly, o 71060 S
Hydropsyche betteni ' .

17 50000 Caddisfly, : 50000 R
Unidentified sp. : . ;

16 43100 Damselfly, 7 N 43100 ————

‘ Unidentified sp. '
15 16010 Cladoceran, . : 16010 1 >356.4%%%
- Daphnia magna o o v :

14 15630 Banded killifish,” 15630 R
Fundulus diaphanus : ’

13 15370 Pumpkinseed, . 15720 = ———ee ‘
Lepomis gibbosus . : o
Bluegill, [ 117 1 ——
Lepomis macrochirus . ' - .

12 14770 White perch, © 13320 [
Morone americana :
striped bass, ' 16370 ' ———
Morone saxatilis

11 13230 Common carp, ' 13230 [—
Cyprinus carpio

10 12860  American eel, - S V111 T ——
Anguilla rostrata i )

9 11000 Midge, : ' " " 11000 —
‘ Chironomus sp. ' ‘ ’
8 10320 Fathead minnow, o 10320 27.30
Pimephales promelas . ' ’
7 10210 Snail, ‘ . - 10210 - :
‘ © Amnicola sp. ‘ o . ' Co
6 9669 Rainbow trout, . 96y 64.11
a Oncorhynchus mykiss :
5 9300  Worm, o ' 9300  —--i-
. ‘Nais sp. . i ‘ :




Table .C2. (Cont.)-

Genus Mean . . o . 'Species Mean’

Spec;es Mean

o Acute Value R *° Acute Value Acute-Chronic
Rank* - (ug/L)** Species = . ' , (ug/L) ** Ratlo
4 8684 Goldflsh,, ' S 8684 -

Carass:.us auratus

3 7. 7083 Guppy, e 7053

- Poecilia reticulata

2 3200 Amphipod, = . o " 3200

Gammarus sp.

1 2221 Mayfly, . 7 2221

Ephemerella subvaria

* Ranked from most reSLStant to most sen51tlve based on Genus Mean Acute

: Value. ,
** At hardness = 50 mq/L.

Cokdkk Not used in the calculatlon of the Flnal Acute-Chronlc Ratlo

e

At‘hardness = 50 mg/L: .

“FAV 2949 ug/L
‘CMC = FAV/2 = 1022 ug/L
As a functlon of hardneSS' Ny
- ,'- | Ercﬁc;= R 0.?19(ln.ha§dﬁess)‘f 3.7256._

FACR = 'a1. 84 o
At hardness = 50 mg/L"‘ ‘ ‘

FCV = FAV/FACR = (2044 mg/L)/(41 84)’; 48.85 ug/L
As a functlon of hardneSS' : .

- 0.819 (1n hardness) + 0.6848
cce = e ranes .

= -CCC
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1995 UPDATE .
Freshwater Aquatlc Life Crlterlon for Chromlum(VI)

The new acceptable acute data for . chromlum(VI)'are given in Table
:D1; 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. co T . Coe - : ‘

.,Crlterlon Max1mum Concentratlon (CMC)

F

The Final Acute Value‘(FAV) was calculated u51ng 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, resultlng in a CMC of 16 02
7ug/L, as total recoverable chromlum(VI) ,

:Criterion Continuous Concentration (CCC)

Insuff1c1ent chronlc tox1c1ty data were avallable 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- Chronlc 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
calculatlng the 'FACR.and the four were within a factor of 6. The -
FACR was calculated as the geometric mean of these four and was
©2.917. The FCV = FAV/FACR = (32.04 ug/L) /(2. 917)7= 10.98 ug/L
This value did not need to be lowered to protect a .commercially
ox recreatlonally important species. The CCC was 10.98 ug/L, as
total recoverable chromium(VI). ' : ' .

AThe Criterion

The procedures descrlbed in the methodology indicate that, except
possibly where a' locally important species is very sensitive,
freshwater aquatlc organisms should not be affected- unacceptably
if the four-day average concentration of chromlum(VI) does not |
~exceed 10.98 ug/L more than once every three years on the average
- and .if the one- hour average concentratlon does not exceed 16.02
"nug/L more.than once’ every three years on the average. .
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Method*

ible D1. New Acute Values for Chromium(VI)

Chemicgl

‘Aéute Value

(ug/L)

Reference

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia pulex

Cladoceran,
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

ke
™

K-dichromate‘
Na-dichromate
K~dichroﬁ§te\
K-dichromate

K—dichromate

~ K-dichromate-

K-dichromate

-
-

K-dichromate

Nandichr;mate
K—dichrom#te
K;dich;ométe
K—d;ch;omate
K;aichrqmaﬁé
K-dichromate
Kédicnromgte

K-dichromate

D=2

170%x
190%%
20%%
20%*
40%*

‘ . 40**
122f#
180%*
150;*
420
g10

182;000?*
154,006*;

201,240**

et al.

Berglind and
Dave 1584

Elnabarawy
1986

Porn 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 et

val. 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




T

Tabie.Di. {Cont.) 4

Bluegill,
Lepomls macrochlrus

Blueglll,
Lepomis macrochlrus”

Blueglll
Lepomis macrochlrus

' Blueglll,
rLepomls macrochlrus

‘Bluegill,
Lepomis macrochlruS‘

'Fathead»minnow,
Pimephales promelas

Fathead minnow,
Pimephales promelas

YFathead minnow, )
Pimephales promelas

Fathead mlnnow,

. leephales promeias

Method* -

Chemical

K-dichromate

K-dichromate

‘g-diéhromatet
Kféichromatel
KTQiehrbmace
K-eieﬁromete
%edich£555te'

K-dichromate -

fK—dicﬂrométe"

7

Acute Value

.(ug/L)

. 164,730**

v

199,200%*

1158, 360%*
:148;3104*
'_i46,336f*v
“"Zzs,c‘)‘oo*,sA\i'b
54,090*4'
26,;3o*f"

L. 26,410**

Reference

‘Dorn et

al. 1987

Dorn et
“al. 1987

Dorn. et

al, 1987
Dorn et
al. 1987
Dern'et
al. 1987

Jop et
al. 1987

- ‘Jop et
~ al. 1987

Dorn et

‘al. 1987

Dorn et
al. 1987

—— . > o ———— - - Yo Y. S — o e o e . e S e e S e S i 0 A e b e e S o T s e S S o S S S o o S o

* S = statlc, ET

flow-through, M = measured, U = unmeasured. .
** Not used in the ‘calculation of the SMAV because data were ‘available for
this spec1es from a "FT,M" test. . .




Table D2. Ranked Genus Mean Acute Values for Chromium(VI)

e

Genus Mean
Acute Value
{ug/L)

Species -

Species Mean

- Acute Value

(ug/L)

speciesiMean
Acute-Chronic
Ratio ~

an e s . T kG4 MR i T T ——— — —— — - —— = - —— T s " o ot T T | e ot o iy oy ok e o o e e S o o — Y " bt oy o o oo

26

25

24
23
22

21

20
19
18
17

le

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

L]
-

Sténefly,

Neophasganophora capitata’’

Crayfish,
Orconectes rusticus

Damselfly,
Enallagma aspersum

Green sunfish,
Lepomis cyanellus

Bluegill,
Lepomis macrochirus

Goldfish,
Carassius auratus

‘White crappie,

Pomoxis annularis .

Rainﬁow trout,

* Oncorhynchus mykiss

Emerald shiner,
Notropis atherinoides

Striped shiner,
Notropis chrysocephalus’

sand shiner,
Notropis stramineus

Midge,
Chironomus tentans

Brook trout,
Salvelinus fontinalis

Midge,
Tanytarsus dissimilis

Central stoneroller,

Campostoma anomalum

Silverjaw minnow,
Ericymba buccata

1,870,000
176, 000
140,000
114,700
132,900 -

. 119,500
'72,6§o

69,000
48;460
85, 600 .
\'74;600'
s;,qooA
59(006
.57,300 
51,250

49,600

vy

223%**




Rank* »

4
lls
12
11

10

. T.ble D2.

{Cont.)

Genus Mean

Acute Value

(ug/L)

146,000
' 36,300
30,450
3°'§°°,
 g3)o;o'
»i}560
1,440
650
' 630
ssé.
67.1
4s.1

36.35

fSpeCies

Bluntnose minnow,
Pimephales notatus

_Fathead minnow,

Pimephales promelas

Johnny darter,
Etheostoma nigrum.

'Yellow perch,

Perca flavescens

‘Stfipéd bass,

Morone saxatllls,

GUPPY: v
Poec1lla retlculata

‘Snall

Physa heﬁerostropha

'Bryozoan,"

Lophopcdella carterl-f

Bryozoan,

‘Pectinatella magnlflca

Bryozoan,

_Plumatella emarglnata

Amphlpcd,

Hyalella azteca -

Amphlpod,

Crangonyx pseudogracllls

" Amphipod, .

Gammarus pseudollmnaeus

) 'Cladoceran,
" Cerlodaphnxa retzculata

Cladoceran,

Vf51mocephalus serrulatus

‘~Cladoceran,
Simocephalus vetulus

" Species Mean
‘Acute Value

'.(ug/L)

,;s,éoo
30;450«
30,000
23,?10_ 
- 1,566

1,440

650 .

630

583 -

67.1
45.1

-40.9

32.3

Species Mean
Acute-Chronic
"Ratio

18.55%%

2.055

' 5.267 "




Table D2. (Cont.)

Genus Mean
Acute Value

Species Mean
Acute Value

Rank* {(ug/L) Species (ug/L)
1 28.94 Cladoceran, 23.07
Daphnia magna
Cladoceran, 36.3

Daphnia pulex

- 43 Y Y " T " " Tt T - o T — —— T - ™ — T — —— . — T . = " T " 1 " T T — —— D i ———— ——

Species Mean
Acute-Chronic
Ratio

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

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

FAV = 32.04 ug/L
CMC = FAV/2 = 16.02 ug/L
FACR = 2.917 _ L

= 10.98 ug/L

= =

FCV = FAV/FACR = (32.04 ug/L)/(2.917)

48

cccC

/
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, , 1995 UPDATE: :
. Freshwater Aquatic Life Criterion for Copper

‘

The new acceptable acute and chronic data for copper are given in
Tables El1 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-dependent, all acute values in
Table E3 have been adjusted to a_hardness of 50 mg/L.

Criterion Maximum Concentration (CMCfv

Data given in U.S. EPA (1985) 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 using 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 dividing the FAV by 2, '
resulting in a CMC of 7.285 ug/L, as“total recoverable copper, at
a hardness of 50 mg/L. The CMC was related to hardness using the
slope of 0.9422 that was derived in U.S. EPA (1985):

0.9422 (1n hardness)- - 1.700
cMC = e . a -

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 b
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 recoverable copper, at a hardness of 50
'mg/L.  The-CCC was related to hardness using the slope of 0. 8545
that was derlved in U.S. EPA (1985) .

e '0.8545(ln'hardness) -1.702
' CCC =e ' N ) T

The Criterion

The procedures ‘described in the methodology 1nd1cate that, except
possibly where a locally 1mportant 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) glven by the equatlon

_ 0 8545 (1n hardness) - 1.702 .
ccc o

more than once every ‘three yeare on the average ahd if the
. one-hour average concentration does mnot exceed the numerlcal
- value (ln ug/L) glven by the equatlon'

: L0 9422 (1n hardness) -~ 1.700
. CMC = |

more than once every three years on the‘average;'




Taclie El. New Acute Values for Copper

‘ . Adjusted
Hardness Acute Acute
' - (mg/L as Value Value
Species Method* caco,) (ug/L). (ug/L)** ° Reference
Cladoceran, s,uU 240 23 5.2, Elnabarawy
Ceriodaphnia reticulata ' et al. 1986
Cladoceran, s, U 240 41 9.4 Elnabarawy
‘Daphnia magna et al. 1986
Cladoceran, s,U 240 31 7.1 Elnabarawy
Daphnia pulex et al. 1986
Amphipod, s,u 50 1290 1290 Martin and
Crangonyx pseudogracilis o Holdich 1986
. Y - ’ o
Asiatic clam, FT, M 17 _>2600 >7184 Harrison
Corbicula manilensis - et al. 1984~
Midge, ‘ s,M 44 739 834 Kosalwat and
Chironomus decorus Knight 1987
Fathead minnow, FT, M - 43.9 96 109 ) Spehar and
Pimephales promelas o v ‘ ! . Fiandt 1986
Bluegill, , sS,M 31.2 340 530%** Bailey et
Lepomis macrochirus o ' al. '1985
Bluegill, FT,M - - 31.2 550 858 - Bailey et -
Lepomis macrochirus at. 1985
Rainbow trout, . FT,M 9.2 2.8 14 Cusimano and -
Oncorhynchus mykiss . - ’ Brakke 1986
Striped bass, s,u - 285" 27d' ' 52 Palawski
Morone saxatilis o .

et al. 1985 -

e — > i - - S D W A P " " A8 S D AR D D D e W) P D Y T Y P > A i S T A D e S D T D D A Al el i o S S D S S . e . e i T e

* S = static, FT = flow-through, U = unmeasured, M'= measured. - 3

** Andjusted to a hardness of 50 mg/L using the slope of 0.9422. »

*** Not used in the calculation of the SMAV because data were available for
this species from a "FT,M" test.
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Table E2. New Chtoﬁié-Valpes

fderoppeﬁk

. Acute
~ Value
(ug/L)

Chronic.
- Value.

.{ug/L)

Chronic:
Ratio

' Reference

Fathead minnow, . ELS
Pimephales promelas’

Spehéﬁ.and

Fiandt 1986




Species Mean
Acute~Chronic
Ratio '

Table E3. Ranked Genus Mean Acute Values for Copper
Genus Mean ‘Species Mean
Acute Value . Acute Value
Rank¥* (ug/L) ** Species {(ug/L)**
43 10240 Stonefly, 10240
Acroneuria lycorias
a2 > 7184 Asiatic clam, > 7184
Corbicula manilensis
41 6200 Caddisfly, 6200
Unidentified sp.
40 4600 Damselfly, . 4600
Unidentified sp. ‘
39 4305 American eel, 4305
Anguilla rostrata .
38 1990 Crayfish, 1990
Procambarus clarkii ‘
37 1877 Snail, ) B 1877
~ Campeloma decisum C,
36 13387 Crayfish, 1397
: Orconectes rusticus '
35 1290 Amphipod, 1290
Crangonyx pseudogracilis
34 1057 Pumpkinseed, = 640.9
Lepomis gibbosus '
Bluegill, - 1742
Lepomis macrochirus
33 900 - Snail, 900
Amnicola sp.
32 790.6  Banded killifish, 790.6
Fundulus diaphanus -
31 684.3 Mozambique tilapia 684.3
Tilapia mossambica’
30 331.8  Striped shiner, 331.8
Notropis chrysocephalus
29 289 Goldfish, 289
‘Carassius auratus
£ . T -
28 242.7 Worm, 242.7

. Lumbriculus variegatus

¢Ef5.




Table E3 (Cont.)

- .

Genus Mean : ‘ , ~-Species Mean Species Mean
Acute Value . e - Acute Value Acute-Chronic
Rank* (ug/L) *=* Species o (ug/L)** Ratio

27 - . 136.1  Mosquitofish, - - . - 196.1 ————
Gambusia afflnls

26 170.2~ Mldge, R ‘ ' 197 ’ [
Chlronomus tentans

Midge, 8234 L,
Chlronomus decorus

Midge, ’ 300 - .
chlronomus sp

25 166.2 . Snall o = o 166.2 ©° = ammals
Gon10baszs llvescens

24 156.8 COmmon_carp, . 156.8 = acm-a
Cyprinus carpio

23 141.2 Rainbow darter ‘ - 86.67 @0 0e———ee
Etheostoma caeruleum

Orangethroat darter, 230.2 e
Etheostoma spectabile

-

22 ' 135 Bryozoan, . . .. 135 . D ————
Pectinatella magnlflca

21 .. 133 . chiselmouth," - 133 ‘ —————
Acrochellus alutaceus

20 110.4 . Broock trout, R .. 110.4- : T.776%%x*
Salvellnus fontlnalls

»

19 ) 109.9 - Atlantic salmon, ) 109.9 . ’ ————
Salmo salar

18 - - 97.9 " Bluntnose minnow, : 72.16 26.36%**
Pimephales notatus

Fathead minnow, : : 132.9 . 11.20%**
Pimephales promelas

17 . 90 Worm, . 80 2 eeemee
Nais sp.

16 - 86.67 Blacknose dace, : v " 86.67 0200 memee
Rhinichthys atratulus

kY
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Table E3.

Genus Mean

(Cont.)

Acute Value

(ug/L) **

Species Mean

Acute Value

(ug/L) **

Specievaean
Acute-Chronic
Ratio

o ——— " T A Tt " — — T —_— T — — _—— —  —— ———————— —— — — ——— — — " " - W i i ot o —————————— > %20

13

12

11

10

78.55

73.99

69.81

56.21

53.08

§52m~a

39.33

37.05

37.05

Creek chub, ‘ e
Semotilus atromaculatus

Guppy,

. Poecilia reticulata

Central stoneroller,
Campostoma anomalum

Coho salmon, .
Oncorhynchus kisutch

Sockeye salmon,
Oncorhynchus nerka

Cutthroat trout,
Oncorhynchus clarki

Chinook salmon,

' Oncorhynchus tshawytscha

Rainbow trout,
oncorhynchus mykiss

Brown bullhead,
Ictalurus nebulosus

Snail,

Gyraulus circumstriatus-

Worm,
Limnodrilus hoffmeisteri

White perch,
Morone americanus

Striped bass,
Morone saxatilis

Snail,
Physa heterostropha ,

Snail, ‘
Physa integra

Bryozoan,

- Lophopodella carteri

Bryozoan,
Plumatella emarginata

E-7

78.55
a7.i
233.8
66.26
"42.-26
38.89
69.81
56.21
53.08
5860
52~~~
35.91
© 43.07
37.05 ;

37.05

—— o




Table E3 (Cont.)

.

Genus Mean » Speclies Mean Species Mean
Acute Value h Acute Value Acute-Chronic
Rank* (ug/L) ** - Species L . (ug/L) ** . Ratio

4 - 22.09 Amphlpod, B . 22.09 13.297
Gammarus pseudollmnaeus

'3 .7 .16.74 Northern squawflsh,v* 16.74 . = ————a-
Ptychocheilus oregonensis

2 " 14.48 Cladoceran, . 19.88 -2.418
Daphnia- magna

Cladoceran, . 16.5 -——=
Daphnia pulex . . . -

, Cladoceran, - - ; : - . -9.,263 Seiiee
Daphnla pullcarla

1 . 9.92 cladoceran, o ' 9.92 : ————
Ceriodaphnla retlculata

——— s o . s o o - - . - — - - o -

* Ranked from most re51stant to- most sensiktive based on Genus Mean Acute
‘Value.

** "At hardness = 50 mg/L.

*** Not used in the calculation of the Flnal Acute-chronlc Ratlo.

~ 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 1n the
SMAVs in this genus.

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

At hardness = 50 mg/L:

FAV = 14.57 ug/L

CMC = FAM/Z = 7. 285 ug/L
As a functzon of hardness.

M 0.9422 (1n hardness) - 1.700

FACR = 2.823

At hardness = 50 mg/L:




FCV = FAV/FACR = (14.57 ug/L)/(2.823) = 5.161 ug/L = ccc

As a function of hardness:

‘ 0.8545 (1n hardness) - 1.702
cce =e .

. C . ) } . B '

Iy ]

L 2
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1995 UPDATE: |

“Freshwater Aquatic Life Criterion for Cyanide

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 F1, 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. . - . - : g S

Criterion Continuous Cébncentration (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 Fl1), 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 Criterion

The procedures described in the methodology indicate that, except
possibly where a locally important species 1s very sensitive,
freshwater aquatic organisms should 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 three years on
the average and if the one-hour average concentration does not
exceed 22.36 ug/L more than once every three years on the:

. average.g o
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Table F1.

Genus Mean

Acute Value’

Ranki (ug/L)_
16 2450
15 2326
14 ‘L "432
13 426'
f12"; 318
TN 167
0. ' 147
9 “‘ 'iZS.l
78 : o }23.67
P
6 o iaé
- |
s  s9.28
4 92;64
R 90;00
2  ‘., i:;' 85.80
1 ~"'44;73

;Ranked Genus Mean Acute Values

w7

Spécies

‘Midge, '

Tanytarsus dlSSlmlllS

. Isopod,

Asellus communls

Snail,
Physa heterostropha

Stonefly,

- Pteronarcys dorsata

Goldf;sh,; ;
Carassius,auratus

Amphipod,

Gammarus pseudollmnaeus

GUPPY:

‘Poecxlla retlculata

Fathead minnow, .
leephales ,promelas

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia pulex

‘Largemouth bass, ‘
Mlcropterus salmo;des

Black crappie,

-Pomoxis. nlgromaculatus;

P

‘Blgegill,

Lepomis macrochlrus o

?Yellow perbh

Perca flavescens

Atlantic salmon,

© Salmo- salar

Brook trout,

Salvelinus,:ontinalis -

,Rainbdw‘trQUt :
; OnCOrhynchus mykiss -

F-2

for Cyaﬁide:

Spec1es Mean
Acute Value
(ug/L)

167
11451
125,1(
E lGéii
f95;55
ioz
102

. 199,28

92.64-

©90.00
- 85.80

44.73

Species Mean’
Acute-Chronic
Ratio

——




PN ————— A —— T e S e e e ot o o o v o 0 0 e et s e o o 2 b e S = e . e e i e e e e e o
- .

* Ranked from most resistant to most sensitive based on Genus “Mean Acute
Value. ) o

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

~Calculated FAV = 45.77 ug/L

Lowered to protect rainbow trout:

FAV = 44.73 ug/L

CMC = FAV/2 =

22.36 ug/L f '
FACR = 8.568

FCV = FAV/FACR =

(44.73 ug/L)/(8.568) = 5.221 ug/L = ccC

cor
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1995 UPDATE:.
Freshwater Aquatic Life Criterion for Dieldrin -

The new acceptable acute data for dleldrln are glven in Table Gl;
no new acceptable chronic data were found. These new data were J
used with those given in Tables 1 and 2 of the criteria document
for dieldrin (U.S. EPA 1980) to obtain the values given in Table
G2. Although results from the fclloWing publications were used
in U.S. EPA (1980), they were not considered acceptable for use
here: Santharam et al. (1976), Gaufin (1965), and Jensen and
Gaufin (1964). ' |

Criterion Maximum Concentration (CMC)

The Final Acute Value (FAV) was calculated u51ng the four lowest
Genus Mean 'Acute Values given in Table G2, resulting in ‘a FAV of
0.4749 ug/L. This value did not need to be lowered to protect a
commercially or recreatlonally important species. The CMC was:
~calculated by leldlng the FAV by 2, resulting in a CMC of 0. 2374
ug/L. 4 i

Criterion Continuous Concentration (ccey -

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). Two
SMACRs were given in Table G2; a third SMACR of 6.2 was given in
U.S. EPA (1980) for the saltwater mysid. These three were within
a factor of 1.8. The FACR was calculated as the geometric mean
of the three SMACRs and was 8.530. The FCV = FAV/FACR = (0.4749
ug/L)/(8.530) = 0.0557 ug/L. This value did not need to be
lowered to protect a commercially or recreationally important
species. The CCC was 0.0557 ug/L.-

The Criterion

The procedures described in the methodology lndlcate 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 dieldrin does not exceed -
0.0557 ug/L more than once every three years on the average and
if the one-hour average concentration does not exceed O. 2374 ug/L
more tharf once every three years on the average.

- G-1
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‘Table Gl.

Method*

New Acute Values for,Diéldrinfr

ey

Test ) Acute :

Reference

I e v e it e e o ot e o ot e ) > o = s e = A ot et = " i > e > A a8 A L = o e > o —

Cladoceran,
- Daphnia pulex

Cladoceran,
Daphnia pulex

‘é;cnefly, ‘

Claassenia sabulosa -

Stonefly,

Pterdnarcys californica

' Stonefly,
>Pteronarcella badla

Damselfly,
Ischnura vertica}is

Annelld,

'Lumbrlculus varlegatus

‘ Ralnbow trout,

- Oncorhynchus mykiss ‘

Rainbowhtroﬁi,

‘Oncorhynchus mykiss

Rainbow- trout,
Oncorhynchus,mykiss

" Goldfish, -
Carassius auratus'

Fathead mlnnow,

- Pimephales promelas -’

Bluegill,
Lepomis macrpchirus

aBlueglll,

. Lepomls macrochlrus'

Pumpkinseed,
Lepomis gibbosus

‘Cutthroat trout,
Oncorhynchus clarki

-

Duration  Value
(hrsy . (ug/L).
‘43 i"' 2s§;
"4éj o 190,
9? - A'o.é 
96 L  , o
96" 0.5
96 :-. 21.8

'iés ,; ‘L | 1.##;
s e

s
96 '" 1.8
"‘96 ; 3'° 8‘.

‘96'7 - 3{1

}962: oy

Daniels and
-Allan_1981

Maye{ and o
Ellersieck 1986

Mayer and

El;grsie;k.;986"n

Mayer and

" Ellersieck 1986

Mayef and

'Ellersieck 1986

. Mayer ahd i
' Ellersieck 1986

_Brooke 1993

Mayer’énd

~ Ellersieck 1986

Shubat and
Curtis 1986

Van Leeuwen
et al. . 1985

" Mayer and .

Ellersieck 1986

Mayer and
Ellers;eck 1986

Mayer and

Ellersieck 1986

Sahdgrs 1972

Cairns and’

 Scheier 1964;

Mayer and.

R Ellerszeck 1986




Table Gl. (Cont.)

Tést ' ‘Acute
Duration Value .
Species Method* {hrs) (ug/L}) B Reference
Channel catfish, . , '. ' Mayer and ‘
Ictalurus punctatus s,U 96 4.5 , Ellersieck 1986 .
Largemouth bass, ’ : ' Mayer and
Micropterus salmoides s,u 96 3.5 Ellersieck 1986

e i ——— " " V" o~ — S A T — > Y W] " " TP = " o Y " " 8 = o> = e

* g8 = static, ET = flow-through, U = unmeasured, M = measured.
** Not used in the calculation of the SMAV because data were available for
this species from a "FT,M" test. . . -

ot
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Table G2.

‘Genus Mean
‘Acute Value

“(ug/L)

Ranked Genus Mean:Acute Valuesffor Dieldrin

‘s

‘Species

Species Mean

Acute Value
(ug/L)

Species Mean ‘
Acute-Chronic
-Ratio -~

o o e = —————— —————— o > =} " " St o . b o T i e o . b, oy St T S Tt 20— e 2% e T 4 o b e

18

17

16 -

13
';Li4 ,
13
12

11

.10

740

534

“Crayflsht

Orconectes nals

‘Amphipod,
. Gammarus’ lacustrls

Amphlpod,

. Gammarus fasczatus

21.8 .
20
S 17.7

12

Cla@oceran,'

. . Daphnia pulex

Cladoceran, -

';Simocephalus”serrulatus

Annelld, o

Lumbrlculus Varlegatus

Glass»shrlmp

,Palaemonetes kadiakensxs

.Fathead minnow,
',leephales promelas

Damselfly,'

Ischnura vertlcallsv‘

, ,Goldflsh, o
,{Carassius auratus -

Pﬁﬁ#kinseed; _
Lepomis glbbosus

Bluegill,

’Lepomis macrochlrusi'

Green sunflsh,

'Lepomisvcyanellus

~

Isopod,‘

Asellus brev1caudus

. Channel catfish,

Ictalurus punctatus

. Guppy,
“3Poec111a retlculata'

¢

.ééo
fézq;
élg e
‘_21;3_
20
';17.7 o

12

——

- —




Table G2. (Cont.),

Genus Mean ' ' *Species Mean Species Mean

Acute Value : Acute Value Acute—-Chronic
Rank* (ug/L) Species - (ug/L) : Ratio
5 3.5 Largemouth:bass, . - :
Micropterus salmoides o 3.5 mem——— , 3
4 0.62** Chinook salmen, , :
Oncorhynchus tshawytscha 6.1 ' —_———

Coho salmon, . ‘ o
oncorhynchus kisutch 10.8 ‘ -

Cutthroat trout, :
Oncorhynchus clarki 6 . L ————

Rainbow trout,

Oncorhynchus mykiss - . 0.62 . 11
3 0.6 Stonefly, S
" Claassenia sabulosa , 7 0.6 ST
2 0.5 Stonefly, ’
. Pteronarcys californica 0.5 0 e=e==
1 0.5 Stonefly,

Pteronarcella badia ( . 0.5 . o

—— - — ——— T > o ————— T - " - > T —————— " — " —— — o —— T — T T —————— —— o s o —

* Ranked from most resistant to mest sensitivé.baséd on Genus Mean Acute
Value.

** The GMAV was set equal to the lowest SMAV due to the large range in the
SMAVs in this genus.

FAV = 0.4749 ug/L
CMC = FAV/2 = 0.2374 ug/L
FACR = 8.530

FCV = FAV/FACR = (0.4749 ug/L)/(8.530) = 0.0557 ug/L = cCC

3
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, 1995 UPDATE: _
‘Freshwater Aquatic Life Criterion for Endrin

The new acceptable acute data for endrin are given in Table- H1;
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 endrin (U.S. EPA 1980) to obtain the values given in Table
H2. Results in the following publications were used in U.S. EPA
(1980) but were not considered acceptable for use here: Katz and
Chadwick (1961), Naqui and Ferguson (1968), Nebeker and Gaufin
(1964), Gaufin et al. (1965), Jensen and Gaufin (1966), Post. and
Schroeder (1971), Mount (1962), and Solon (1969).

Criterion Maximum Concentration (CMC)

The Final Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Values given in Table H2, resulting in a FAV of
0.1728 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 '0.0864
ug/L. - : !

-
-

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). Four
ACRs were given in U.S. EPA (1980) but the ACR for the fathead
minnow was considered unacceptable for use here. ACRs of 1.9 and
18 were determined with saltwater species, whereas an ACR of 3.3
was obtained with a freshwater species (Table H2); the three were
within a factor of 9.5. The FACR was calculated as the geometric
mean of the other three and was 4.833. The FCV = FAV/FACR =
(0.1728 ug/L)/(4.833) =-0.03575 ug/L. This value did not need to
be lowered to protect a commercially or recreationdlly important
species. The CCC was 0.03575 ug/L. ‘

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 fdur-day average concentration of endrin does not exceed
0.03575 ug/L more than once every three years on the average and

H-1




1¢ the one-hour average concentratlon does not exceed O 0864 ug/L
more than once. every three years on, the average.




Tdsle Hl. New Acute Values for Endrin

Test Acute

: ‘ Duration Value
Species - Method* (hrs) (ug/L)
Cladoceran, . ) \
Ceriodaphnia reticulata s,U 48 24
Cladoceran, . ’ o
Daphnia magna S,U 48 4.2
Cladoceran, ‘ )
Daphnia magna s,U 48 . 59
Cladoceran, ‘
Daphnia magna s,U 48 41
Cladoceran, . . ,
Daphnia magna s,U 48 74
Cladoceran, :
Daphnia magna s,M . 48 160
Cladoceran,
Daphnia pulex s,u 48 . 20
Cladoceran, , :
Daphnia pulex S,u ' 48 30
Annelid, ‘ .
Lumbriculus variegatus FT,M 36 42.6
Snipe fly, ,
Atherix variegatus . 8,U 96 4.6
Midge, . : ‘
Tanytarsus dissimilis . S,M 48 : 0.84:
Stonefly, :
Acroneuria pacifica s, u 96 > 0.18%*
Crayfish, . .
Orconectes immunis FT, M -96 89
Damselfly, .
Ischnura verticalis S,uU 96 . 2.4
Damselfly, .
Ischnura- verticalis s,U 96 2.1
Yellow perch,
Perca flav2§cens ET,U 96 0.15
Largemoﬁth"bass,
Micropterus salmoides S,U . 96 ' 0.31

- H-=3

Reference

Elnabarawy et al. 1986

Mayer and Ellersieck 1985

Elnabérawy et al. 1986

Mayer and Ellersieck 1985

Mayer‘énd Ellersieck 1985

Thurston et al. 1985

Mayer and Ellersieck 1985

Elnabarawy et al. 1986

Brooke 1993

Mayer and Ellersieck 1985 .

Thurston et al. 1985
Mayer and Ellersieck 1985
Thurston et al. 1985

Mayer and Ellersieck 1986

Mayer and Ellersieck 1986

'Mayer and Ellersieck 1986

Mayer and Ellersieck 1986




]
Table’Hl. (Cont.)
e ‘Test  Acute - ’
o ' : R ' -Duration .Value : , .
Species ... . _Method* (hrs)  ° (ug/L) Reference
Black bullhead, o , _ S A :
Ictalurus melas, o s,y " . .96 - 1.1 .. Mayer and E;lersieck 1586
‘Channel catfish, - - L - S T ‘ A
Ictalurus punctatus - sS,U- - 96  ° ' 0:32*** Mayer and Ellersieck 1986 '
Channel batfish,, S : _" s IR T _ :
Ictalurus punctatus  S,U 96 .- 1.1*** Mayer and Ellersieck 1986 - o
o | : ST = - =0 ¥
- Channel catfish, .o ‘ ‘ oo . : Lo
Ictalurus punctatus: " FT,M 96 0.42 =~ Thurston et al. 1985
‘Rainbow trout, . S o < - L o . S :
Oncorhynchus myklss . s, u To96 . 0.75*** Mayer and Ellersieck 1986 . .
Rainbow trout, i . R | - S -
»Oncorhynchus myklss . FT,M - 96 .. 0.3 .Thurston et al. 1985
Goldflsh, ) o , ‘ ‘ o o .v.k : ] v
Carassius auratus - FT,U - 96 7 0.44*** Mayer. and Ellersieck 1986 .
Goldfish, . . - e T ' S
'Carassxus auratus . . FTO,M . 96 © 0.95. Thurston et al. 1985 .
R Fathead minnow, o Yoo T - o ' :
N N leephales promelas s,U o 96 . -1.8*** Mayer and Ellersieck 1986
.+ Fathead minnow, D o ‘ N L T 7
B ,leephales promelas . FT,M 96 .- 0.65  Thurston et al. 1985 L
g '  Mosqu1tof1sh, - 2 . I : ,
" .. Gambusia affinis  ° s,U. 96 . .1.1*** 'Mayer and Ellersieck 1986 .
, Mosquitofish, B o e L
: . . Gambusia affinis - FT, M- - .96 ., 0.69 Thurston et al. 1985
: carp, o o T o , o
_ ' Cyprlnus carplo v ' _FT,U. - 86 . 0.32° Mayer and Ellersieck ‘1986
o ' Blueglll, R S : P ‘ ‘
C Lepomls macrochlrus- FT,M . -, S6 - .0.21 ~ Thurston et al. 19835
' Bullfrogvtadpole, v . ' - . 7 o ' ‘ -
: Rana catesbeiana . FT,M . " 96 ~.2.5,  Thurston et al. 1985 -
. * - FT = flow—through S = static, U = unmeasured, M= measured.
) .. . ** ~Not used in the calculation of the FAV because it is not approprlate to s
B have qge of the four lowest GMAVS be a "greater than" value. o -
: ... *** Not used in the calculation of the SMAV because data were avaxlable for
oo S © this spec;es from a "FT M test.- ,
.- ) N ) ‘ ) . ] T




Table H2. Ranked Genus Mean Acute Values for Endrin

Genus Mean
Acute Value’
(ug/L)

. Species Mean
‘ Acute Vvalue
Species o : . (ug/L)

Species Mean
Acute-Chronic
" Ratio

25

24

23

22

21

20

19

18

17

le

15

14

43

38

34

24

Mayfly, A : 64
Hexagenia bilineata

Crayfish, o 32
Orconectes nais '

Crayfish, . - 89
Orconectes immunis

Annelid, . a3

Lumbriculus variegatus

Cladoceran, 59

Daphnia magna

Cladoceran, . i : 24
Daphnia pulex

Cladoceran, ‘ 34
simocephalug serrulatus’

Cladoceran, 24
Ceriodaphnia reticulata

Snipe fly, . o 4.
“Atherix variegstus :
Amphipoqd, ‘ 3.

Gammarus fasciatus

Amphipod, ’ ' 3.

Gammarus lacustris

Bullfrbg tadpole 2.

Rana catesbeiana

Damselfly, ‘ ‘ 2.

Ischnura verticalis

Guppy, B

Poecilia reticulata

Isopod, ' 1.

Asellus brevicaudus

Glass shrimp, : 1.

Palaemonetes kadiakénsis

Goldfish, . 0.

Carassius auratus

H-5

95




Table H2 (Cont.)

11

10

* Ranked fdom most reSLStant t

Genus Mean
Acute Value

0.43

’ 0.32

0.21

Value.

Specles Mean
Acute Value
Spec1es (ug/L)

Elaqflsh, 0.85
Jordanella floridae '

Midge, ! 0.84
Tanytarsus dlsslmllls

Stonefly, o B 0.76
Claassenla sabulosa

Mosqultoflsh, 0.69
Gambusxa afflnls ¢

Black bullhead 1.1
Ictalurus melas

Channel catflsh, - 0.42
Ictalurus punctatua

Coho salmon, . 0.51
oncorhynchus klsutch -

chlnook salmon, . 1.2
oncorhynchus tshawytscha

Rainbow trout, ' 0.3
Oncorhynchus myklss

Stonefly, .0 0.54
Pteronarcella badla

Eathead mlnnow, 0.49
Pimephales promelas

Common carp, 0.32
Cyprinus 'carpio

Largemouth bass, 0.31
Mlcropterus»salmoldes

stonefly, 0.25
Pteronarcys callfornlca

Bluegill, 0.21

B

Lepomls macrochlrus -

Yellow perch, 0.15
Perca flavescens

H=6

Species Mean
Acute-Chronic
Ratio

e o i o
- . et e o
—— - -

o6 most sensitive based on Genus Mean Acute




1]

-FAV = 0.1728 ug/L

"

cMC

FAV/2 = 0.0864 ug/L

FACR = 4.833

'ECV = FAV/FACR = (0.1728 ug/L)/(4.833) = 0.03575 ug/L = cCC
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. 1995 UPDATE: ,
Freshwater Aquatic Life Criterion for Lindane-

The new acceptable acute data for lindane are given in Table Il;
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 lindane (U.S. EPA 1980) to obtain the values given in Table
I2. : .

Criterion Maximum Concentration (CMC)

The Final Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Values given in Table I2, resulting in a FAV of
1.903 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 0.9515
ug/L. ) o ' :

Criterion Continuous Concentratibn (CCe)

Three ACRs were given in U.S. EPA (1980) but the ACR for the
fathead minnow was considered unacceptable for use here. No new
ACRs were available and so a FCV could not be calculated using
either the eight-family procedure or the FACR procedure.
Therefore, a CCC could not ‘be determlned.

The Criterion T

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
by acute toxicity if the one- ~hour average concentration of
lindane does not exceed 0.9515 ug/L more than once every three
years on the average.
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Table .Il. New Acute Values for Lindane . : o v L L

: ‘ Test Acute X
‘ . . .~ . buration  Value -
 Species B S Method* . (hrs) - (ug/L) Reference K
. Cladoceran, R ' oo ,‘:‘“,‘rRandéll

. Daphnia magna v N . s,u- - 48 516 . et al. 1979
Cladoceran, . ' .~ 'Hermens. o B
Daphn]_a magna o : s,M - 48 1000 ' eﬁ ‘al. 1984 -, :
Amphlpod, S l - 2'1 L ~ Mayer and
Gammarus lacustris’ '3$,U<‘ - 96 88’ . Ellersxeck 1986 -

— 'Snall,a‘ ' ' - - - v ‘f,l. o Bluzat and
Lymnaea stagnalls ‘ - 's,U .96 3.3 = senge 1979'5 ‘
Stonefly,‘ c I BT ' Mayer and

‘Pteronarcys callfornlcus’ . s,u- ' 96  Lo 4.5 - Ellersieck 1986
'Stonefly, ‘ ’ *';“ '-‘,; - ‘ V_Mayer andi
Pteronarcys callfornlcus s, U 96 1 Ellersieck 1986,

Damselfly, o L ) o Federle and '

. Lestes congener - s;,u . . 96 20~ Collins 1976- . -
‘Backswimmer, . o . L, a Federle and '
Notonecta undulata . s,U. . 196 3 - Collins 1976

) ‘Crawling water beetle, ' - ' o . . Federle and
Peltodytes, sp. , s,u L 96 . .~ -20 - Collins 1976
Coho salmon, Co T o o SR Mayer and
Oncorhynchus klsutch . s,u- 96 - 23 .Ellersieck 1986
. - 'Lake trout, o ‘-‘; T ":? R . Mayer and : R
U “‘Salvellnus namaycush ' ‘S,U . 96 » 32 ." Ellersieck 1986
: v‘Lake,trdut) ‘ I o © ‘Mayer and L
’ Salvelinus namaycush 5,U T 98 L 24 Ellersieck 1986 '

“Brown trout, v ' T T : o Mayer and . .
Salmo trutta s, U . .96 . 24 Ellersieck 1986 .
Brown trout, = - A T o ~°° Mayer apnd -

Salmo -trutta .. su .. .96 © 25, Ellersieck 1986
Brown trout, . ‘ , . ') : o . -Mayer and
Salmo trutta . - . FT,U . .. 96" - Ellersieck 1986
Rainbow trout, ' D RE ' o - Tooby and
Ohcorhyhéhus mykrss . FT,M - 96 L 22 -,'Du:bln,1975

. Rainbow trout, o o L ‘ L ' Maye;‘énd
Oncorhyncﬁﬂs myklss S s, U o 986 18** . Ellersieck 1986

‘ I-2° :




Table Il. {Cont)-.

Species

Mgthod;

Test
Duration
{(hrs)

Reference

e e e e e e ot e i S St o o ek o o o e 4 e o o W et et o e e > e o e~ " 3 o >+ > s

Rainbow trout,
Ooncorhynchus mykiss

Rainbow trout,
Oncorhynchus mykiss

Rainbow trout,
oncorhynchus mykiss

Rainbow trout, .
Oncorhynchus mykiss

Bluegill,
Lepomis macrochirus

Bluegill,
Lepomis macrochirus

Green sunfish,
Lepomis cyanellus

Green sunfish,
Lepomis cyanellus

Yellow perch,
* Perca flavescens

Fathead minnow,
, Pimephales promelas

Fathead minnow,.
Pimephales promelas

Fathead minnow,
Pimephales promelas

Goldfish,
Carassius auratus

Goldfish,
Carassius auratus

Channel catfish,
Ictalurus punctatus

Fowlers toad,
Bufo woodhousei fowleri’

Western cherus frog,
Pseudacris triseriata

FT,U

FT,U

s,U

96
96

96

96

96

.96

96 -

:96
96
96
96
96
96

96

96

96

96

31** -

ql**
30
'57"
56
70
83
23
77
67
86
90
105
49
3206

2650

Mayer and
Ellersieck 1986

Mayér and
‘ Ellersieck 1986

Mayer and -
Ellersieck 1986

Tooby>and
Durbin 1975

Randall
‘et al. 1979

Mayer and 7,
Ellersieck 1986

Mayer and ,
Ellersieck, 1986

Mayet and
Ellersieck 1986

Mayer and
Ellersieck 1986

Mayer and
+Ellersieck 1986

Mayer and
Ellersieck 1986

Mayer and

" Ellersieck 1986

Macek and
McAllister 1970
. by .

Mayer and i
Ellersieck 1986

Mayer and
Ellersieck 1986

Mayer and ]
Ellersieck 1986

Mayer and i
Ellersieck 1986




* 5 = statlc, flow-through U = unmeasured, M =
*x Not used in the calculation of
thlS .species from a "FT M" test.

measured .
the sMav because data were avallable for

L




Table I2.

Ranked Genus Mean Acute Values for Lindane

e

Genus Mean
Acukte Value

Species

Species Mean
Acute Value
(ug/L)

Species Mean
Acute-~Chronic
Ratio

st~ a —— — —— ——— - — — — —— T — 1 T " " "~ - - —— = ) = = s - — = s S s . G . ————

Rank* (ug/L)
23 3200
22 2650
21 676
20 538
19 207
‘18 138‘
17 117
16 90
15 72
14 71
13 S5
12 40
£y

Fowlers toad,
Bufo woodhousi fowleri

Western chorus frog,
Pseudacris triseriata

Cladoceran,

Simocephalus serrulatus

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia.pulex

Midge,
Chironomus tentans

Guppy,

. Poec1lla retlculata -

Goldfish, -
Carassius auratus

carp,
Cyprinus carpio

Fathead minnoWw,
Pimephales promelas

Blueglll,
Lepomis macrochlrus

Redear sunflsh,
Lepomis mlcrolophus

Green sunfish,
Lepomis cyanellus

channél-catfish;
Ictalurus punctatus

Black bullhead,
Ictalurus melas

Yellow perch,
Perca flavescens

6':7‘6
630
460
'2>o7
138
117
90
72
56
83
76
46
64

40

33

- 63

o s i o o




~ Table I2. ' (Cont:)
‘Genus Mgan ‘ ’ ‘J‘, ‘ } : ' Species Mean Species Meah,
Acute Value . . .. . Acute value Acute-=Chronic -
Rank* v (ug/L) Species o A (ug/L) . . Ratio
1. - . 35 Brock trout,. LT 44 mmmee
: ’ Salvelinus fontlnalls ' :
. , Lake trout, 28, PSR A
P Salvellnus namaycusn ‘ X' L ST T
10" - - -~ 33 Ralnbow trout, j - S . 26 v ———
; . Oncorhynchus mykiss- : . cL
. , Coho salmon, : o 36 - A,
" o o ‘Oncorhynchus kisutch : :
‘ ‘Chinook salmon,. o e ' : 40 R
o Oncorhynchus tsawytscha S : ‘
9 ‘ 32 Largemouth bass, T 32 L e
: ’ -~ - Micropterus salmoides . - . ' :
8 - 26.11 Amph;pod, A AR ‘ 10;49 " —————
) Gammarus fasciatus. ’ - ‘ s
Amphipod, o 65 « . L e
. Gammarus lacustris o '
7 - . 20 Dpamselfly, | . P 20 . Cmeeo
; Lestes congener o PR -
6 .20 Crawling water beéetle,. - - 200 0 —eee-
- ' Peltodytes sp. C ' o .
5 ‘713   ‘ Brown trout, o | 13 . ’  f__,_
*,  Salmo trutta . oo . .
4 . : 10 : Iéopod,'j‘ ‘ - " , 10 ° ' S———— ‘
' o ‘ Asellus brevicaudus. e ' . '
3 : 3.3 vSnall, .  ' o . 3.3, ==me-
‘ o Lymnaea stagnalls ’ o : o :
2 I Backswlmme;,“_ A ,‘ .3 [S——
o ‘Notonecta undulata ‘
1 .© 2.1 . Stohefly, ’ T S
' ,Pteronarcys callfornlcus - S P .
* Ranked from most résistant- to most senSLtlve based on Genus Mean Acute ’ )
' Value. - . ] . : :
I-6 g




.FAV

1.903 ug/L

cMC

FAV/2 = 0.9515 ug/L
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) 1995 UPDATE: -
Fréshwater Aquatic Life Criterion for Mercury(II)

The new acceptable acute data for mercury(II) are given 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
mercury(II) (U.S. EPA 1985) to obtain the values given in Table
J2. ' ' . .

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, resultlng in a CMC of 1.694
ug/L as total recoverable mercury(II). -~

Criterion Continuous Concentration (CCC)

Insufficient chronic tox1c1ty data were avallable to calculate a
Final Chronic Value (FCV) using the éight=- famlly procedure.
Sufficient chronic data were available to calculate a ECV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). ACRs
were given for two freshwater species and one saltwater species
in U.S. EPA (1985). The ACR obtained 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 the geometric mean of the two SMACRSs
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
commercially or recreationally important species. The CCC was
0.9081 ug/L as total recoverable mercury(II). ‘ .

The SMACR of >649.2 for the fathead minnow (Table 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 test. 'These two ACRs are
so 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 '

NG
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chronlc values were obtalned u51ng Spec1es MeanlAcute Values.from_.'
: Table J2 and an. estlmated ACR of 649 2 : o . o

.Species = - Spec1es Mean ‘,*,."'Estimated SR
~ o - Acute.Value. . ' Chronic Value
Rainbow trout . . 275 ug/L - . . 0.42 ug/L
Coho salmon . . L 240 ug/L 0.37 ug/L
Bluegill L -160‘ug/L S 1 0.25 ug/L

All three of these estlmated chronlc values are for 1mportant
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 minhow is -
_greater than 649 2. Thus the CCC of 0.9081 ug/L.might not

: adequately protect such 1mportant flshes as the rainbow trout,
‘coho salmon, and blueglll : :

The Crlterlon

ﬂThe procedures descrlbed 'in the methodology indicate that, except.
possibly where a locally lmportant species is very sen31t1ve,
freshwater aquatlc organisms should not be’ affected unacceptably
if the four- day average concentratlon of mercury(II) does not’
"exceed 0.9081 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 0.9081 ug/L mlght not adequately protect such
’/1mportant flshes as the ralnbow trout, coho salmon, and bluegill.

k!




T2ole Jl. New Acute Values for Mercury(II)

e

Acute

. s . . Value ‘
Species Method* = (ug/L) - ‘Reference
Cladoceran, L ' ‘ o i Elnabérawy
Cericdaphnia retlculata s, U . 2.9 et al. 1986
Cladoceran, o , o "+ ' . Elnabarawy
Daphnia magna, : S,U 9.6 et al. 1986
Cladoceran, , ‘ o : ElhabaraWy‘ .
Daphnia pulex S,uU 3.8 © et al. 1986
Amphipod, ’ ‘ _ : Martin and’
Crangonyx pseudogracilis s,U ' 1.0** Holdich 1986
Midge, ) o '~ . Rossaro
Chironomus rlparlus s,M - 750 et al. 1986
Mosquitofish, : o - Pdulose 1988
Gambusia affinis s,u : 230 . .
Walking catfish, : . S Kirubagaran
Clarias batrachus s,uU 375 , and Joy 1988
Fathead minnow, " o ‘ ‘Spehar and
Pimephales promelas FT,M ' 172 Fiandt 1986
Guppy, 1 : T Khangarot

Poecilia reticulata - R, U 26 o and Ray 1987

* 3§ = static, R = renewal, FT = flow-through, U = unmeasured, M = measured.

** Not used in the derivation of the criterion because the corresponding’48-
hr LC50 is 470 ug/L, which 1s an unusually large decrease in the LCSO from
48 to 96 hours. ) ' . . ‘

2
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Table J2. Ranked Gefius Méan Acute Values for Mercury(IT).
Genus‘Mean, - ) e o ‘ ) Spécies Mean“Specieé'Mean
Acute Value : o - .. Acute Value  Acute-Chronic
Rank* - (ug/L) - Species S (ug/L) -~ Ratio®
29 . 2000 Stonefly,‘ S | 2000 - ————m S
. : L Acroneuria lycorlas ‘ ' ' S ; '%
‘28 . ' 2000  Mayfly, ' 2000 emeem
- o ' ' Ephemerella. subvarla : ‘ -
27 2000 . . caddisfly, - o L2000 0 L ommmee
o o Hydropsyche bettenl- Y T : ’ v .
26 1200 ' caddisfly, . 1200 mmeee
25 .. 1200 .. Damselfly, - 1200 [
‘ : (Unldentlfled) ) ’ BRI . :
24 - 1000 . worm, . . . -, 71000 L lomem
’ o Nais sp. T ' . b :
.23 1000 Mozambique tilapia =~ '1000 L mmmae
: " Tilapia mossambica’ - . : _
22 o 406.2 - Tubificid worm, - . . 330 [
- o Spirosperma ferox" : . o ' . ’
Tub1f1c1d worm, ' , ';' ' S00- _ A, ;
Spirosperma "lkolskyl o :
217 375 wWalking catfish, . 315 Rp——
‘ ' Clarlas batrachus T
20 - 370 ’Snall,_f< S . 370 S
) ’ o Aplexa hypnorum o B ' e -
19" © 257 "‘7Coho'saimon,.. ' T 240 - --;r;7
o : Oncorhynchus kisutch . ' ‘ .
Ralnbow trout, R "f " 275 ’ .—F—-—o
Oncorhynchus myklss ' : - . - '
©18 . 250  ‘Tubificid worm, . 2500 [P
Qulstadrllus multlsetosus S
) 17 v‘ 240 ° . Tubificid worm, : o ';,‘ 240 S m———— ‘
. . o Rhyacodrilus montana L ‘
16 203 | Mosquitefish, - - . . - 203. e
: S Gambusia affinis S S :
. - . o . o , ‘
DE- T ©180 .f,‘TublfLCLd worm, ' = 180 S —_————
A ! * Limnodrilus hoffmelsterl, ;
i .
' , L., J-4




Tak'.e J2. {Cont.)
Genus Mean - S Species Mean Species Mean
Acute Value ‘ Acute Value Acute-Chronic
Rank* (ug/ L) Species (ug/L) Ratio '
14 163 Fathead minnow, ' | 163 > 649.2%*
Pimephales promelas .
13 160 Bluegill, ‘ . ‘160 i
Lepomis macrochirus .
12 140 Tubificid worm, o 140 J—
" Tubifex ‘tubifex : :
11 140 ' Tubificid worm, ‘140 mmee-
Stylodrilus heringianus -
10 122***  Midge, K ‘ 20. e
Chironomus sp. C o .
Midge, | 750 —————
Chironomus riparius’ .
9 100 -  Tubificid worm, - ' 100 C e
Varichaeta pacifica = |
8 80 . Tubificid worm, , 80 0 mmme-
Branchiura sowerbyi
7 80 Snail, ' Y i
Amnicola sp. : :
6 50 Crayfish, ‘ SO0 0 mme—-
Orconectes limosus '
5 28 Guppy, - 28 R
.Poecilia reticulata -
4 20 Crayfish, L ' 20 © -
Faxonella clypeatus . '
3 ‘ 10 Amphipod, : BEE T T —
Gammarus Sp. : :
2 3.3 Cladoceran, ‘ o - TS A 4.498
. Daphnia magna
Cladoceran, 2.9 —----
Daphnia pulex ' .
1 ‘ 2.9 Cladoceran, - 2.9 -—=<-
- Ceriodaphnia reticulata - .
= : ,

- ——— " Ao L S ——— —————— —— T — ————— — — - Y} " > Y A Aoy o T - s D D P " S D T D o T o A > S i o e b bty e o o e

-




s

the ralnbow trout, coho salmon,

* Ranked from most resxstant to most sensztlve based on Genus Mean Acute )

Value.
*

% J e
not ldentlfled and so mlght have been

FAV = 3;388‘ug/L
‘CMC = FAV/2 = il694vug/L
FACR = 3.731 .
FCV = FAV/FACR = -

)

The CCC of 0.9081 ug/L might not adequatel
and bluegl

(3.388 ug/L)/(3,731) =

Not used 'in the calculation of the Flnal Acute—Chronlc Ratio.
‘This GMAV was not set equal to the lowest SMAV'

because the species was

C. riparius.

H

0.9081 ug/L = ccc

y protect such 1mportant flshes as
ll (see above)
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; ‘ l995 UPDATE : :
Freshwater Aquatlc Life Crlterlon for Nlckel

,The new acceptable acute data for nlckel are : glven in Table K1;

no new acceptable chronic data were found. These data were used .
with those:given in Tables 1 and 2 of the criteria document for
nickel (U.S. EPA 1986) to obtain the values given in Table K2.

7 Some of the SMAVS ~ in Table K2 differ. from those glven in Table 3~

..fln U.S. EPA (1986) because preference was given to "FT,M" tests
in ‘Table K2. 'Because the toxicity of nickel is - hardness-

dependent, all acute, values in Table K2 have been adjusted‘to a

“hardness of 50. mg/L./'

: Criterion Makimum Concentration (CMC)

"The Final Acute Value (FAVlhwachalculated usingAthe four lowest.
‘Gerlus Mean Acute Values in Table K2, resulting in an FAV‘of 522

ug/L at a hardness of 50 mg/L.- This value did not need to be
lowered to protect a commerc1ally or recreationally- 1mportant

'species. The CMC was calculated by dividing the ‘FAV by 2,
‘resulting in a CMC of 261 ug/L, as total recoverable nlckel, at a

hardness of 50 mg/L. The CMC was related to hardness u31ng the
slope of 0 846 that was derlved in UrssS. EPA.(1986) Lo

T o.s - .255 -
oM = e :_v46(ln hardness) f 2 255'

Criterion Continuous'COnCentration (CCCy

'Insuff1c1ent chronlc tox1c1ty data were»avallable to calculate a

Final Chronlc Value (FCV) using the elght famlly procedure.
Sufficient chronlc data were available to. calculate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). -SMACRs
were available for two freshwater spec1es and .one saltwater
species (U.S. EPA 1986). The saltwater ACR was 5.478 and the -

' three are within a factor of 6.5. The FACR was calculated as. the.

- geometric mean of the three ACRs and was 17.99. . The FCV =

- FAV/FACR = (522 ug/L)/(17.99) = 29.02 ug/L at a hardness of 50
"mg/L. This value did not need to be lowered to protect a =

“commerc1ally or recreatlonally important species. Thus the CCC

was 29,02 ug/L, as total recoverable nickel, at a hardness of 50

mg/L._ The CCC was related to hardness u51ng the slope of O. 846'-
- 0:846 (ln hardness) + 0. 0584

CCC = e

ket .




The Criterion

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

' 0.846 (1ln hardness) + 0.0584

CCC = e : c
- o 7
more than once.- every three years on the average and if the
one-hour average concentration does not exceed the numerlcal
value (in ug/L) given by the equatlon

0 846(ln.hardness) + 2.255
CMC = e

more. than once every three years on the average.




'Tahlé Kl:. New Acute Values for Nickel

Adjusted

e Adjusted to a hardness.of 50 mg/L using a slope of 0 846.
e Not used in the calculation of the SMAV because data were avallable for a’

‘more sensxtlve llfe stage.

_Hardness ~_ Acute Acute
- ‘ SR L . (mg/L as Value Value ‘
Species =~ s ' Method* ‘Caco,) (ug/L)  (ug/L)** Reference
Snail, . | " -FT,U 26 239 416  Nebeker
Physa gyrlna ‘ ' . et al. 198é
Amphipod, ~ s,u .50 66,100 66,100, . Martin and
. Crangonyx pseudograCLlls ' ' ’ R ‘Holdich 1986
Midge, (1st‘instar) .. 8,U o 55_: . 72,400 : 66,751‘ fPowlesiand'ahd'.
Chircnomus riparis . - : o George 1986
"Midge) (lst instar) s,u , 55 .'&1,300' 75,002‘ Powlesland and
Chironomus riparis ' S o ; George 1986
Midge, ' (lst instar) . - 'S,U 55 84,900 - 78,323  Powlesland and
. Chironomus riparis ' ‘ George 1986
. Midge,'(an insﬁar) . S,u o '55 184,006' 169,746 Powlesland and:
Chironomus riparis*** C . " : Coe ' George 1986 '
' Midge, '(2nd instar) +  S,U 55 ' 150,000 - 138,380  Powlesland and’
Chironomus riparis*** - . R T George 1986
‘Midge, (2nd instar) ' s,u - .S5 174,000 160,521 Powlesland and.
_Chironomus'xiparisff* s ‘ : ' R George 1986
* .8 = statlc, FT = flow—through, = unmeasured. .




.

Table K2. Ranked Genus Mean Acute Values for Nickel

Genus Mean C ' Species Mean Species'Mean

Acute Value : . Acute Value Acute-Chronic

Rank* {ug/L)** Species  (ug/L) ** . Ratio

21 73208 Midge, e 73208 S,
Chironomus riparis. : .

20 66100  Amphipod, ' o 66100 oo
Crangonyx pseudogracilis

19 43250  Banded killifish, 43350 0 mmmee
Fundulus diaphanus : :

. L)
18 40460 Stonefly, . 40460 ————
: Acroneuria lycorias - ' : .
17 30200 Caddisfly ‘ . © 30200 S
. Unidentified sp. :

16 21320 Goldfish, - 21320 i
Carassius auratus . i :

15 21200 Damselfly, ' ) 21200 L =mee-
Unidentified sp. .

14 14100 Worm, | 14100 ‘ e

‘ Nais sp. ‘ :
13 13380 Rainbow trout, : ) 13380 T emiem

oncorhynchus ~mykiss

12 13000 Amphipod, ' 13000  ——mme
Gammarus sp. . . .

11 12770 Snail, o 12770 o
Amnicola sp.

10 12756 . Pumpkinseed, o B 1YV N ——
Lepomis gibbosus ' -

Bluegill, ' 21570 em—m=
Lepomis macrochirus :

9 12180 American eel, 12180 - = mmem——
Anguilla rostrata

8 9839 Common carp, ' : 9839 0 =====
Cyprinus carpio

7 9661 Guppy. ' 9661 @00 —==--
Poecilia reticulata

1




‘Table K2. (Cont.)

Genus Mean 7 o N ) 'SpeCigs Mean | Spec1es ‘Mean -
) ~ Acute Value - SR "", - - " . Acute Value - Acute- Chronlc o
‘Rank* . {(ug/L)*~* : Species o ., {ug/L)** : ‘ Raplo :
-6 . 8697 ,,thite'perchAf o . Y 12790 T mmeee N
- ’ C : Moronevamericana o - T - :
Strlped bass, . I 5914, . meeee STy
Morone: saxatllls R " T ST :
s . . 8707 "Eathead minnow, - | 6707 ' 35.58
: .Pimephales promelas K ‘
4 . 4636  Mayfly, . . 4636 - oo
: : o Ephemerella subvarla ' e L
i 4312 Rock bass, . .- - asiz el
! o . Ambloplltes rupestrls_~ s K :
2 ﬂ\"1500 ‘ Cladoceran, . . - f' o '2942 S [ ;
o . - Daphnla pulicaria’ S C o o !
\ C o . Cladoceran, '.';‘ [ 1102. L" 29.86
, : : : Daphnia magna a : . : S
SRS 416 ©  spail, . - . - © V- S —
© ..+ enysagyrina . CTE

* Ranked from most resxstant to: most sens;tlve based on Genus Méén'ACQte
- “Value. . . : = - ’ ' ‘
*k At hardness = 50Amg/L.

{ At hardness

“,EAV

50:ﬁq/L:j“
522 ug/L .

- cMe é'FAv/Z = 261 ug/L

'

As a function of hardness: .

CMCv—, 0. 846(ln,hardness) + 2 255
':FAC§'§'17.99 ;
- At hardness = 50 mg/L:. L ) } v |
L chf=lFAv/EAcn =. (522 ug/L)/(l? 99) = 29.02 ug)Lfs pcc'
‘Aslé functibn of hardness. ‘ 3 )

2 ‘ "10.846k1n‘haranéssj +0.0584 .
Lo CCC =e = . S . , ‘ L,

K-5
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1995 UPDATE:

vgyeshwatef-Aquatic Life Criterioh‘for-Paréthion;

.No new acceptable .acuté or chronic data for parathion were found.
Therefore, the data given in Tables 1 and, 2 of the criteria
document for parathion (U.S. EPA 1985). were used to obtain the
values given in Table L1. ., A C B ' o

Cfiterion'Maximum Concentratioh’(CMC3'

Some of the Genus Mean Acute Values given' in Table 3 of U.S. EPA

" (1985) were changed because of the new. taxonomy for salmonids and

- because only one value was calculated for the genus Chironomus;

these changes did' not affect the FAV. The Final Acute Value

(FAV) was. calculated using the four lowest Genus Mean: Acute

. Values given in Table L1, resulting in a FAV of 0.1299_.ug/L.

.~ ‘This value did not need to be lowered to protect a commercially
'orlrecreationakly'important species. "The CMC was calculated by
dividing the FAV by 2, resulting in a CMC of 0.06495 ug/L.. .-

Criterion Continuous Concentration (CCC)

Insufficient chronic toxicity data were available to. calculate a
Final Chronic Value (FCV) uSing.theAeight-familyjprocedure,-
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 availadle (Table Ll). The ACRs obtained.
- with the resistant fishes were much higher than that obtained
with the sensitive cladoceran. ' To make the FACR appropriate for
. sensitive species, it was set equal to the ACR of 10.10 obtained.
with the cladoceran. ' The FCV = FAV/FACR = (0.1299'ug/L)/(10.10)
= 0.01286 ug/L. This value did not need to be lowered to protect
a commercially or recreationally important species. The €CC was
+0.01286 ug/L. . -~ . . S S

‘The Criterion

possibly where a locally important species is very sensitive,

- freshwater aquatic organisms should not be affected unacceptably

if the four-day;average‘concentration of parathion .does not

exceed 0.01286 ug/L more than once -every three years on the
~average and if the one-hour average concentration does not exceed
0.06495 wg/L more than once every three years on the average. .

'The procedures described in the‘methddalégyVindicate*that, except

L-1




Table Ll. Ranked Genus Mean Aéute VaLues for Parathién

S
Genus Mean ' Species Mean Species Mean
Acute Value "Acute Value . Acute-Chronic

Rank* {ug/L) " Species o o (ug/L) _ " Ratio’

31 5,230 Tubificid worm, ' 5,230 J— A
.Tubifex sp. ‘ .

30 5,230 Tubificid worm, : 5,230 , ———
Limnodrilus sp.

29 2,650 Channel catfish,. 2,650 - ¢

* Ictalurus punctatus

28 2,223 Goldfish, ’ 2,223 " L e
Carassigs auratus :

27 1,838 Brook trout, 1,760 0 mmee

‘ : Salvelinus fontinalis .

Lake trout . ’ 1,920 , ———
Salvelinus namaycush '

26 1,510 Brown trout, 1,510 = e-eee

~ - Salmo trutta

25 1,486 Cutthroat trout, = 1,560 ————
Oncorhynchus clarki o
'Rainbow trout, ‘ ' 1,415 = em—ee -
Onc¢orhynchus gairdneri :

24 1,130 Isopod, . . ‘ 1,130 ' ——-
Asellus brevicaudu '

23 ; 1,000 - Western chorus'frog; 1,000 000000 e—ee-
. Pseudacris triseriata

22 839.6 Fathead minnow, ' 839.6  79.45%+
Pimephales promelas . '

21 688.7  Green sunfish, h %830 0 m=——-
Lepomis cyanellus ‘ .
Bluegill, 510 ' 2121%*
Lepomis macrochirus

20 . 620 Largemouth bass, ° . 620 't —————
Micropterus salmoides ' ‘

19 320 Mosquitofish, 320 e
Gambusia affinis

18 * <250  crayfish, : D11 N — '

Procambarus sp.

L-2 _ . ; ‘ -




:Téblg

16
15
- | 14 A"

13 =

- 12

11

10

L11l.

- {Cont.)

© Genus Mean

Acute Value
{ug/L) .

" 2.739

2.227
'1_597*§*

1.127

0.8944

\

" Species Mean
Acute Value

Chaoborus‘sp

Species {ug/L) -
Guppy, . 56
Poecilia reticulata .
Mayfly, = 15
' Hexagenia bilineata X .
Beetle, 7.0
Peltodytes spp. »
Stonefly, ' . 5.4
‘Pteronarcys callfornlcaf‘
'stonefly, 4.2
Pteronarcella badia e
Damselfly, . 3.0
_'nLesteS‘congene:) :
stonefly, 2.9
Acroneuria pac1fica g
Prawn,, 2.739
Palaemonetes kadlakensis
.Mayfly, 2.227
" Cloeon dipterum - i
Mldge, — 31
.Chlronomus tentans v '
.'Mldge, 1.697
Chlronomusf:iparius ‘ o
‘Stonefly, - 1.5
) Claassenla sabulosa .
Amphlpod 0.3628
’Gammarus fascxatus o :
Amphlpod, 3.5
\Gammarus lacustrls
Phantom midge, " 0.8944

Species Mean

Acute-=Chronic:
Ratio




Table L1. (Cont.)

..

Genus Mean
Acute Value

Rank* (ug/L) Species (ug/L) Ratio
4 0.7746 ‘ Cladoceran, 1.0 10.10
‘ Daphnia magna
Cladoceran, 0.0  —=ee-
Daphnia pulex
3 ‘ 0.64 Damselfly, . 0.64  ——ee-
‘ Ischnura verticalis.
2 0.47 Cladoceran, 0.47 = —=—e-
' Simocephalus serrulatus,
1 0.04 Crayfish, 0.0 ~  -----
' orconectes nais
* Ranked from most resistant to most sensxtlve based on- Genus Mean Acute

Value.

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

Species Mean
Acute Value

Species Mean

. Acute~Chronic

*** This GMAV was set equal to the lower SMAV due to the large range ln the

SMAVsS in this genus.

FAV 0.1299 ug/L

CMC = FAV/2 = 0.06495 ug/L -
FACR = 10.10

FCV = FAV/FACR = (0.1299 ug/L)/(10.10)

3

It ]

L-4

= 0.01286 ug/L = CCC
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1995 UPDATE:. |
Freshwater Aquatic Life Criterion for Pentachlorophenol

No new acceptable acute or chronic data for pentachlorophenol
were found. Therefore, the data given in Tables 1 and 2 of the
criteria document . for pentachlorophenol (U.S. EPA 1986) were used
to obtain the values given in Table M1. Because the toxicity of
pentachlorophenol is pH-dependent, all acute values in Table M1
have been'adjusted to a pH of 6.5. :

Criterion Maximum Concentration (CMC)

Some of the Genus Mean Acute. Values given in Table 3 of U.S. EPA
(1985) were changed because of the new taxonomy for salmonids and
because the values for Jordanella floridae and Rana catesbeiana
had been incorrectly adjusted to a pPH of 6.5 and because the SMAV
for Gammarus. pseudolimnaeus had been calculated incorrectly. The
Final Acute Value (FAV) was calculated using the four lowest
Genus Mean Acute Values given in Table M1, resulting in'a FAV of-
10.56 ug/L at a pH of 6.5. 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 5.28 ug/L at a pH of 6.5. The CMC was related to pH using
the slope of 1.005 that was derived in U.S. EPA (1986): ‘

1.005 (pH) - 4.869
CMC = e ‘D(p ) ' ’

-

Crite;ion 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). Six
Species Mean ACRs were available (Table Ml1), but two of them were
"greater than" values. The range of the other four was less than
a factor of 6. The FACR was calculated as the geometric mean of
the four similar SMACRs and was 2.608. The FCV = FAV/FACR =
(10.56 ug/L)/(2.608) = 4.049 ug/L at a pH of 6.5. This value did
not need to be lowered to protect a commercially or .
recreationally important species. The CCC was 4.049 ug/L at a pH
of 6.5. The CCC was related to pH using the'slope of 1.005:

- 1.005(pH) - 5.134
. CCC = e | :

M-1




'The Criterioh o

.The procedures described in the methodology 1nd1cate that, except —
: p0351bly where a locally important: species is very sensitive, B
freshwater aquatlc organisms should not be affected unacceptably .
if the four- day average concentration of- pentachlorophenol does
not-exceed the numerical value (in ug/L) given by the equation -

‘.l_.‘005‘(pH) - 5."134
ccco=e :

more than once every three years on the average and 1f the
‘one- hour average concentratlon does not exceed the numerlcal
value (1n ug/L) glven by the equatlon : . :

R 1005 H) - 4.869 S
CMC = e- ‘ (p ) : o o -

more than once every three years on.the average.

A




‘ Table M1. Ranked Genus Mean Acute Valges

Rank*

‘s

Genus Mean
Acute Value
{ug/L)*~*

Species

for Pentéchlorophénol

Acute Value
(ug/L)**

Species Méan Species Mean
Acute-Chronic

Ratio

30

29

28

27

26

25

24

23

22

21

20

19

18

>43920

11260

10610
417.7
408.2
403.2

36l1.6

317.5
306.7
224.2
195.4
182.5
172.1
155.9

132.1

Crayfish,
Orconectes immunis

Midge,
Tanytarsus dissimilis

Sciomyzid,
Sepedon fuscipennis

Tubifiéid worm,

' Rhyacodrilus montana

Tubificid worm, )
Stylodrilus heringianus

Snail,

Gilila altilis
Tubificid worm,
Spirosperma ferox

(AN

Tubificid worm,
Spirosperma nikoiskyl

Tubificid worm, v
Quistadrilus multisetosus

'Flagfish,-

Jordanella floridae

Tubificid worm,
Tubifex tubifex

Guppy,
Poecilia reticulata

Tubificid worm,
Limnodrilus hoffmeisteri

Amphipod,b
Crangonyx pseudogracilis

Tubificid worm,
Branchiura sowerbyi

Snailh
Physa gyrina

- M-3

>43920
11260

10610

417.7

Aoe;z

403.2

239.5

545.8

317.5

306.7

224.2

1195.4

182.5 .

172.1
155.9

132.1

—— s > —
———

510.27%%%*




‘Table M1. (Cont.)

Species Mean -
Acute Value

" (ug/L) **

‘Species Mean:

' § Gegus Meénh‘
a . Acute Value.
Rank* (ﬁg/L)*f~,
17 165’0
16 i
| s '»“- ) é?.48l'
147] o ‘.78,;6
1 1'57.13"
:ig'. o .ssisé
T “lésﬂii
10 1‘7',, 60.50
9~1,‘ ' 60.43
s ‘558.45!’
7 fl" C 57,72
' ls | . 56.41['
5;": S saay
PR 33lm
=

vLargemouth bass,
lecropterus salmoxdes-

Amphlppd,4 ]
' Gammarus pseudolimnaeus

Amphi?od}l.r
Hyalella azteca

Cladoceran,

. Daphnia. pulex

Cladgceran,

" Daphnia magng o

Cladoceran,

~Cerlodaphn1a retlculata

Goldflsh,
CaraSSLUS auratus

Fathead minhow,

_leephales promelas

'_Mosqultoflsh, ‘
" Gambusia. afflnzs

Snall, '
Aplexa hypnorum :

Tublfic1d worm,’

_Varlchaeta paczflca

Cladoceran,

'simocephalus vetulus ‘vv

Bluegill,

-Lepomis macrochlrus o

Brook trout,-'

’,Salvellnus fontlnalls

) Bullfrog,
Rana catesbeiana'

o748

'99;33"
o eT.1s.

67;1;5

65.53 .

63.11

féo.So‘f
>60,43
1.53;47‘
Tﬁv.iél
‘5€4i
l34.i3)

-"33.91

Acute~Chronic
" Ratio
2.5
 >15.79%*x

0.8945 ,




T2sle M1. (Cont.)
\.‘ - T
Genus Mean Species Mean Spécies Mean
Acute Value ‘ Acute Value  Acute-Chronic
Rank* (ug/L) ** Species (ug/L)** Ratlo
3 31.26 Rainbow tréut, - 35.34 4.564
Oncorhynchus mykiss \
Coho salmon, 31.82 = m=—=—
Oncorhynchus kisutch'
Sockeye salmon, 32.85 = —====
Oncorhynchus nerka
Chinook salmon, 25.85 - —=—m—m
oncorhynchus tshawytscha
2 26.54 Channel catfish, . 26.54 | =mmm-
) . Ictalurus punctatus
1 4.355 éommon carp, 4.355 ————
: Cyprinus carpio ’
* Ranked from most resistant to most sensrtlve based on Genus Mean Acute
Value. .

*%* At pH = 6.5.

**%* Not used in the calculation of the

At pH = 6.5:

FAV = 10.56 ug/L

.CMC = FAV/2 =

As a function of .pH:

FACR = 2.608

At pH = 6.5:

FCV = FAV/FACR = (10.56 ug/L)/(2.608) = 4.049 ug/L = cccC

As a function of pH:

%

5. 28 ug/L

c™MC

CCC =e

Final Acute—chroﬁic Ratio.

o 1-005 (pH) - 4.869

1.005 (pH) - 5.134
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1995 UPDATE:
Freshwater Aquatic Life Criterion for Selenium -

The new acceptable 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. ‘ '

Salenium(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. - o ‘ ’ '

Criterion Continﬁous Conéentration (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 available (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 ug/L. ’ ' ‘ ‘ : : ‘

Selenium(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. ) : -




Criterion Continuous Concentration (CCC)

Insufficiént chronic toxicity data were avajilable :to calculate a
Final Chronic Value (FCV) u31ng ‘the eight- family procedure.

- Sufficient chronic data were available to calculate a FCV by
~dividing the FAV by’ the Firtal Acute-Chronic Ratio’ (FACR). Three
Species Mean ACRs were available (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 dld
not need to be lowered to protect a commerc1ally or
recreationally important species. The CCC was 9. 455 ug/L

Total selenium:

As discussed in U.S. EPA (1987), field studies conducted on.
Belews Lake in North Carolina suggested that selenium might be
more toxic to certain species of freshwater fish than had been
observed in laboratory chronic toxicity tests. Based upon these
field studies and some laboratory studles, 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 multlplylng the CCC by the FACR -
V'and was 38.68 ug/L. The CMC was calculated by dividing the FAV = .-
by 2, resultlng in a CMC of 19. 34 ug/L as total recoverable
selenlum .

' The Crlterlon

thhe procedures descr;bed in the methodology indicate that, except

possibly where a locally 1mportant species . is very sensitive,
freshwater aquatic organisms should not be affected unacceptably
if the four-day average concentration of selenlum ‘does not exceed
"5 ug/L more than. once every three years on the average and if the
.one-hour average concentratlon does not exceed 19. 34 ug/L more
than once every three years on-the average., -

L

,




Table N1.

Species

Method*

New Acute Values for Selenium

Chemical

- Acute value

Reference

Cladoceran,
Daphnia magna

Cladoceran,
Daphnia magna

Na-selenite

[Selenium(IV)J.

Na—éelenate
[Selenium(VI)]

Johnston 1987

Johnston 1987

0

Xy




20
19
. 18
17
,:iié
. 15
14
13-
»12'
1;_:

.10

Table N2:

Genus Mean
Acute Value
Aug/L)

1203000
42500
35000 ..

. 34910

30176
28500

26100

25934 .
24100
. 13600

12600

11700 -

10490

10200
6500

2704

Species ..

Leech, .

B Nephelop515 obscure

Mldge,” .
Tanytarsus dlSSlmllls

CQmmon carp,
Cyprinus carpio -

Snall, o ’,

- Aplexa hypnorum |

R

" White sucker,

Catostomus commersonl

Blueglll,

*Lepom;s macrochlrus

Goldflsh, .
Carassius. auratus

Midge,

¢

‘Chlronomns plumosus

Snall,

Physa sp.

Channel catfish,
Ictalurus punctatus

’ALMoséuitofish,.v

Gambusia affinis -

'Yellow Perch,
" Perca flavescens

' 1Rainbow Trout,
.Oncorhynchus mykiss

Brook trout,

‘Salvelinus fontinalis

Flagfish,;
Jordanella florldae

Amphlpod,
Gammarus pseudollmnaeus

- Ranked Genus Mean Acute Values for Séiehium(IV)v

Species ‘Mean
"Acute Value o

{ug/L)

203000
;‘$2$°°
-35000
34910,
| 391?6
‘zesbb.
25934
'f_ZéldO
13600
12600
117005
1o4§§j>
vlozéoi
1 6500

2704

Species Mean
Acute-Chronic

141.5%*

Ratio




Table N2. (Cont.)

Genus Mean S Species Mean Species Mean

Acute Value “ ‘ ' Acute Value Acute-Chronic
Rank* (ug/L) Species . (ug/L) Ratio
6 1796 Cladoceran, o 834 13.31
Daphnia magna ,
- ‘ 3
Cladoceran, . 3870 ‘ 5.586
Daphnia pulex
5 1783 ' Striped bass, : : 1783 emeee
. Morone saxatilis .
4 1700 . Hydra, S S1700 e
Hydra sp. ‘ ‘
3 1601 Fathead minnow, : . 1601 6.881

Pimephales promelas

2 <603.6  Cladoceran, o <603.6 = m—ee-
Ceriodaphnia affinis

1 340 Amphipod, L. 340 ol
© Hyalella azteca ‘ .

-
-

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

Value.
** Not used in the calculation of the'Final'Acute-chronic’katio.

FAV = 371.8 ug/L

CMC = FAV/2 = 185.9 ug/L

FACR = 7.998 | | ’

FCV = FAV/FACR = (371.8 ug/L)/(7.§sa) = 46.49 ug/L

Lowered to protect rainbow trout:

FCV = 27.6 ug/L = CCC




'+~ Table N3. ‘Ranked Genus Mean ACute'Yalueejferiselehfﬁm(vi)
‘ . x y | - | | - . * .
- Genus Mean - Species Mean  Species Mean .
- Acute - Value ' L Acute Value Acute~Chronic
Rank* (ug/L) Species (ug/L) ‘Ratio
11 442000 Leech, 442000 feee-
C HephelopSLs obscura =
v ; o o)
10’ ©'193000 Snail, . : 183000 ¢
' L 'Aplexa hypnorum ' >
9 ' 66000 Channel catfish, 66000 - oo
' ‘ Ictalurus punctatus ‘
8 63000 v Blueglll, : 63000 ©  m————
o R ‘ Lepomls macrochlrus e
o ;{ " . ’ N
7 . 47000 'Rainbow trout, . A T . 47000" 16.26
' Oncorhynchus,mykiss R :
6 20000 Midge, 30000 - ¢ mmees
‘ i Paratanytarsus parthenogenetlcus j
s 7300 Hydra, ' ' 7300 0 —ieee
- T Hydra sp. :
a 5500 Fathead minnow, 5500 9.726
Co ‘Pimephales promelas
3 760 Amphipod, S 160 —deao
o -  'Hyalella azteca
2 550.1  Cladoceran, . 1230 2.651
: Daphnia magna S '
‘Cladogeran, ' 246 N ——— Co :
g Daphnia pulicaria - ;
1 65.38 "Ampthod, . 65.38 ———— :
Gammarus pseudolxmnaeus ‘
* Ranked from most resxstant to most sensmtlve based on Genus Mean Acute
Value. . . ,
. FAV = 25.066 ug/L -
CMC = FAV/2 = 12.533 ug/L
FACR = 2.651 ~
FCV = FAV/FACR = (25 066 ug/L)/(Z 651) =.9.455 ug/L = cCC
‘  N—6 -
'! .
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: ‘ 1995 UPDATE: o
Ereshwater Aquatlc Llfe Crlterlon for Zlnc

The new acceptable acute data for zinc are glven in Table Ol,‘no
new acceptable chronic data were found. These data were used’
with those given in Tables 1 and 2 of the criteria document for -
zinc (U.S. EPA 1987) to obtain the values given in Table 02. .
Because the toxicity of zinc is hardness-dependent, all acute
:values ‘in Table 02 have been adjusted to a-