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| NTRODUCTI ON

The Gl aquatic life criteria contained herein were derived using
the procedures described in Appendix A to Part 132: Geat Lakes
Water Quality Initiative Methodol ogies for Devel opnent of Aquatic
Life Criteria and Values. It will be necessary to understand

t hese procedures in order to understand the derivations presented
her ei n.

In the derivation of the G.I aquatic life criteria, new data that
were considered to be of acceptable quality were used along with
the data in the criteria docunents published by the U S. EPA
"New data" are data that becane avail able since the |ast
literature search used in the preparation of the criteria
docunents by U. S. EPA and prior to January 1993. Sone errors in
the U S. EPA criteria docunents were corrected and the new

t axonony for sal nonids was used; sonme SMAVs and GVAVs are
different fromthose in the U S. EPA criteria docunents due to
the preference for results of "FT,M tests. Al though sone new
data coul d have been used to revise the slopes relating acute
and/or chronic toxicity to hardness or pH, it was decided that
revi sion was not necessary at this time. Thus all of the sl opes
used herein are the sane as those used in the criteria docunents
publ i shed by U S. EPA.

Four digits are given in the concentrations in criteria because
these are internediate values in the derivation of permt limts.

The G.I net hodol ogy specifies M ninum Data Requirenents (IDRs)
for chronic data and al so descri bes how the avail able chronic
data should be used. ACRs determined with saltwater species can
be used if the Mninmum Data Requirenments are not satisfied by
ACRs determned with freshwater species. Because the FAV is
derived to represent acutely sensitive species, the FACR should
be derived to be appropriate for sensitive species if the ACRs
for the chem cal appear to increase or decrease as the acute
sensitivity of the species increases.

The follomnng acronyns are used in this docunent:

ACR = Acute-Chronic Ratio

CCC = Criterion Continuous Concentration
CcMC = Criterion Maxi mum Concentration
FAV = Final Acute Val ue

FCv = Final Chronic Val ue

Al = Geat Lakes Initiative

GVAV = Genus Mean Acute Val ue

GV = Genus Mean Chronic Val ue

FACR = Final Acute-Chronic Ratio

SMACR = Species Mean Acute-Chronic Ratio
SMAV = Species Mean Acute Val ue

SMCV = Species Mean Chronic Val ue



GREAT LAKES WATER QUALI TY | NI Tl ATI VE
Tier 1 Aquatic Life Criterion for Arsenic(lIl)
The new acceptabl e acute and chronic data for arsenic(lll) are
given in Tables Al and A2. These new data were used with those

given in Tables 1 and 2 of the criteria docunment for arsenic
(U.S. EPA 1985) to obtain the values given in Table A3.

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
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 inportant species of the G eat
Lakes System The CMC was cal cul ated by dividing the FAV by 2,
resulting in a CMC of 339.8 ug/L, as total recoverable
arsenic(l11).

Criterion Continuous Concentration (CCQ

I nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-famly procedure.
Sufficient chronic data were available to cal culate a FCV by

di viding the FAV by the Final Acute-Chronic Ratio (FACR). The
new chronic test gave an ACR of 3.784; the geonetric nean of this
value and the ACRin 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 cal cul ated as the geonetric nmean 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

| owered to protect a comercially or recreationally inportant
species of the G eat Lakes System The CCC was 147.9 ug/L, as
total recoverable arsenic(lll).

The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organi sns should not be affected unacceptably
if the four-day average concentration of arsenic(lll) does not
exceed 147.9 ug/L nore than once every three years on the average
and if the one-hour average concentration does not exceed 339.8
ug/L nore than once every three years on the average.



Table AL. New Acute Values for Arsenic(lll)

Test Acut e

Duration Val ue
Speci es Met hod* Chemi cal (hrs) (ug/L) Ref er ence
Fat head ni nnow, Sodi um Spehar and
Pi nephal es pronel as FT, M arsenite 96 12, 600 Fi andt 1986
Cl adocer an, Sodi um El nabar awy
Daphni a magna S, U arsenite 48 4,501 et al. 1986
Cl adocer an, Sodi um El nabar awy
Daphni a pul ex S, U arsenite 48 2, 366 et al. 1986
Cl adocer an, Sodi um El nabar awy
Ceri odaphnia reticulata S, U arsenite 48 1, 269 et al. 1986

* FT = flowthrough, M= neasured, S = static, U = unmeasured.



Table A2. New Chronic Values for Arsenic(lIl)

Acut e Chroni c Acut e-

Val ue Val ue Chroni c
Speci es Met hod* (ug/L) (ug/ L) Rati o Ref er ence
Fat head ni nnow, ELS 12, 600 3,330 3.784 Spehar and
Pi nephal es pronel as Fi andt 1986

* ELS = early life stage.



Tabl e A3. Ranked Genus Mean Acute Val ues for Arsenic(lll)

Genus Mean Speci es Mean Species Mean

Acut e Val ue Acute Value  Acute-Chronic
Rank* (ug/ L) Speci es (ug/L) Rati o
14 97, 000 M dge, 97,000  -----

Tanytarsus dissimlis

13 41, 760 Bl uegil |, 41,760 -----
Lepomi s macrochirus

12 26, 040 Gol dfi sh, 26,040 = -----
Car assi us aur at us

11 24,500 Snai |, 24,500 = -----
Apl exa hypnor um

10 22,040 Stonefly, 22,040  -----
Pt eronarcys californica

9 20, 130 Fl agfi sh, 20, 130 4,862
Jordanel |l a floridae

8 18, 100 Channel catfish 18,100 = -----
| ctal urus punctatus

7 14, 960 Br ook trout, 14,960  -----
Sal velinus fontinalis

6 14, 065 Fat head m nnow, 14, 065 4,199
Pi nephal es pronel as

5 13, 340 Rai nbow trout, 13,340  -----
Oncor hynchus nyki ss

4 2,690 Cl adocer an, 4,449 4,748
Daphni a magna

Cl adocer an, 1,626  -----
Daphni a pul ex

3 1,511 Cl adocer an, 1,511  -----
Ceri odaphnia reticul ata

2 1,175 Cl adocer an, 812 = -----
Si nocephal us serrul at us

Cl adocer an, 1,700  -----
Si nocephal us vet ul us

1 874 Amphi pod, 874 = -----
Ganmar us pseudol i maeus

* Ranked from nost resistant to nost sensitive based on Genus Mean Acute
Val ue.



FAV = 679.6 ug/L
CMC = FAV/ 2 = 339.8 ug/L
FACR = 4.594

FCV = FAV/ FACR = (679.6 ug/ L)/ (4.594)

147.9 ug/L

CCC
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GREAT LAKES WATER QUALITY | NI Tl ATI VE

Tier 1 Aquatic Life Criterion for Cadm um

The new acceptabl e acute and chronic data for cadm um are given
in Tables Bl and B2. These new data were used with those given
in Tables 1 and 2 of the criteria docunent for cadm um (U S. EPA
1985) to obtain the values given in Tables B3 and B4. Because
the toxicity of cadmumis hardness-dependent, all acute and
chronic values in Tables B3 and B4 have been adjusted to a
hardness of 50 ng/L.

Criterion Maxi num Concentrati on (CMO)

The SMAVs given in Table B3 for the green sunfish, bluegill, coho
sal non, and rai nbow trout were derived fromU. S. EPA (1985) by
giving preference to results of "FT,M tests. Several SMAVs
given in U S. EPA (1985) were changed or elimnated due to
deletion of tests that were conducted in river water by Spehar
and Carl son (1984a,b).

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
Genus Mean Acute Values in Table B3, resulting in an FAV of 4.134
ug/L at a hardness of 50 ng/L. This value did not need to be

| owered to protect a comercially or recreationally inportant
speci es of the G eat Lakes System The CMC was cal cul ated by
dividing the FAV by 2, resulting in a CMC of 2.067 ug/L, as total
recoverabl e cadm um at a hardness of 50 ng/L. The CMC was
related to hardness using the slope of 1.128 that was derived in
U.S. EPA (1985):

CMC = e 1.128(In hardness) - 3.6867

Criterion Continuous Concentration (CCQ

Two chronic values given in U S. EPA (1985) were not used here
because the tests were conducted in river water by Spehar and
Carl son (1984a,b). The chronic value given in U S. EPA (1985)
for Mina nacrocopa was not used here because the concentrations
of cadm um were not neasured.

Chronic toxicity tests have been conducted on cadmumw th a w de
vari ety of aquatic species and the resulting ACRs have a w de
range, even within sensitive species (U S. EPA 1985). Therefore,
the Final Chronic Value (FCV) was cal cul ated using the eight-

fam |y procedure that was used to cal cul ate the FAV and was used
to calculate the FCV for cadmumin U S. EPA (1985). As in US.
EPA (1985), the FCV was cal cul ated using the value of n used in

B-1



the calculation of the FAV (i.e., n = 43). The FCV was 1.4286
ug/L at a hardness of 50 ng/L. This value did not need to be

| owered to protect a comercially or recreationally inportant
speci es of the G eat Lakes System Thus the CCC was 1.4286 ug/L,
as total recoverable cadmum at a hardness of 50 ng/L. The CCC
was related to hardness using the slope of 0.7852 that was
derived in U S. EPA (1985):

CCC = o 0.7852(In hardness) - 2.715

The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organisnms should not be affected unacceptably
if the four-day average concentration of cadm um does not exceed
the nunerical value (in ug/L) given by the equation

7852 (In h - 271
cee - e0785 (In hardness) 715

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

CMC = e 1.128 (In hardness) - 3.6867

nmore than once every three years on the average.



Tabl e Bl.

Speci es

New Acute Val ues for

Acut e
Val ue

(ug/ L)

Adj ust ed

Acut e
Val ue

(ug/L)**

Ref er ence

Cl adocer an

Ceri odaphnia reticul ata

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a magna

Amphi pod,

Crangonyx pseudogracilis

Crayfi sh,
Orconectes virili

Rai nbow trout,
Oncor hynchus nyk

Rai nbow trout,
Oncor hynchus nyKki

Rai nbow trout,
Oncor hynchus nyk

Rai nbow t r out
(28-day egg),
Oncor hynchus nyk

Rai nbow t r out
(14-day egg),
Oncor hynchus nyk

Rai nbow t r out
(24-hr. eggq),
Oncor hynchus nyk

Rai nbow t r out

(0-hr. egg),
Oncor hynchus nyk

Striped bass,
Morone saxatilis

S

SS

SS

SS

SS

SS

SS

SS

Cadmi um
Har dness
ng/ L as
Met hod* CaCoO,)

S, U 240
S, U 120
S, U 200
S, U 200
S, U 240
S, U 240
S, U 50
S, U 26
FT, M 9.2
FT, M 50
FT, M 50
FT, M 50
FT, M 50
FT, M 50
FT, M 50
S, U 40

50

100

319

178

1700

6100

<0.5

30

10

9200

7500

13000

13000

10. 47

20.94

54. 37

30.3

1700

12755

<3. 37

30

10

9200* **

7500%* **

13000* **

13000* **

5.14

El nabar awy
et al. 1986

Hal | et al
1986

Hal | et al
1986

Hal | et al
1986

El nabar awy
et al. 1986

El nabar awy
et al. 1986

Martin and
Hol di ch 1986

M renda 1986
Cusi mano and
Br akke 1986

Van Leeuwen
et al. 1985

Van Leeuwen
et al. 1985

Van Leeuwen
et al. 1985

Van Leeuwen
et al. 1985

Van Leeuwen
et al. 1985

Van Leeuwen

et al. 1985
Pal awski
et al. 1985



Table Bl. (Cont.)

Adj ust ed
Har dness Acut e Acut e
ng/ L as Val ue Val ue
Speci es Met hod* CaCoO,) (ug/L) (ug/L)** Ref er ence
Striped bass, S, U 285 10 1.4 Pal awski
Morone saxatilis et al. 1985

* FT = fl owthrough, M= measured, S = static, U = unmeasured.

** Adjusted to a hardness of 50 ng/L using a slope of 1.128.

*** Not used in the calculation of the SMAV because data were available for a
nore sensitive life stage.



Tabl e B2. New Chronic Val ues for

Speci es

Met hod*

Cadmi um

Har dness
(mg/L as
CaCo,)

Chronic

Val ue
(ug/L)

Adj ust ed
Chronic
Val ue
(ug/L)**

Ref er ence

Cl adocer an

Ceri odaphni a reticul ata

Cl adocer an
Daphni a magna

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

d i gochaet e,

Aeol osonma headl eyi

LC

LC

LC

LC

106

65

240

65

7.07

7.49

13.7

0. 12***

1. 25%**

3.919

6. 096

4***

20. 50

El nabar awy
et al. 1986

El nabar awy
et al. 1986

I ngersoll and
W nner 1982

N eder| ehner
1984

El nabar awy
et al. 1986

N eder| ehner
1984

* LC =1life cycle.

**  Adjusted to a hardness of 50 ng/L using a slope of 0.7852.
*** Not used in derivation of the criterion because the concentrations of
cadni um wer e not neasur ed.



Tabl e B3. Ranked Genus Mean Acute Val ues for Cadnmi um

Genus Mean Speci es Mean

Acut e Val ue Acut e Val ue
Rank* (ug/L)** Speci es (ug/L)**
43 12755 Crayfi sh, 12755

Orconectes virilis

42 8325 Gol df i sh, 8325
Car assi us aur at us

41 8100 Dansel f 1y, 8100
(Uni dent i fi ed)

40 7921 Tubi ficid worm 7921
Rhyacodri |l us nont ana

39 7685 Mosqui t of i sh, 7685
Ganbusia affinis

38 6915 Tubi ficid worm 6915
Styl odril us heringi anus

37 4990 Tubi ficid worm 4401
Spi rosperma ferox

Tubi ficid worm 5658
Spi r osper ma ni kol skyi

36 4977 Thr eespi ne sti ckl eback 4977
Gast er ost eus acul eat us

35 4778 Tubi ficid worm 4778
Vari chaeta pacifica

34 4024 Tubificid worm 4024
Tubi f ex tubi fex

33 4024 Tubi ficid worm 4024
Qui stradilus nultisetosus

32 3800 Snai |, 3800
Ammi col a sp.

31 3570 Guppy, 3570
Poecilia reticul ata

30 3514 Whi te sucker, 3514
Cat ost onus conmer son

29 3400 Caddi sfly, 3400
(Uni denti fi ed)

28 3018 Tubi ficid worm 3018
Branchi ura sower byi



Table B3. (Cont.)

Genus Mean Speci es Mean
Acut e Val ue Acut e Val ue
Rank* (ug/L)** Speci es (ug/L)**

27 2888 Fl agfi sh, 2888
Jordanel la floridae

26 2400 Nort hern squawfi sh, 2400
Pt ychochei | us oregonensi s

25 2395 Green sunfi sh, 2399
Leponi s cyanel | us
Punpki nseed, 1347
Lepomi s gi bbosus
Bl uegill, 4249
Lepomi s nacrochirus

24 2310 Mayf |y, 2310
Ephenerel l a grandis

23 2137 Tubi ficid worm 2137
Li modril us hoffneisteri

22 1700 Wor m 1700
Nai s sp.

21 1700 Anphi pod, 1700

Crangonyx pseudogracilis

20 1200 M dge, 1200
Chi rononus sp.

19 736 Areri can eel, 736
Anguilla rostrata

18 401 | sopod, 401
Asel | us bicrenata

17 221.9 Bryozoan, 221.9
Plumatel | a enmargi nata

16 215.5 Common carp, 215.5
Cyprinus carpio

15 156. 9 Snai |, 156.9
Physa gyrina

14 142. 5 Bryozoan, 142. 5
Pectinatell a magnifica

13 104.0 Snai |, 104.0
Apl exa hypnor um



Tabl e B3.

(Cont.)

CGenus
Acut e

Mean
Val ue

(ug/L)**

Speci es

Speci es Mean
Acut e Val ue
(ug/L)**

48.

42.

40.

30.

30.

29.

21.

28

78

54

50

96

13

. 421

. 682***

Banded killifish,
Fundul us di aphanus

Amphi pod,
Ganmar us pseudol i maeus

Anmphi pod,

Ganmmar us sp.

Cl adocer an,
Ceri odaphni a reticul ata

| sopod,
Li rceus al abamae

d adocer an,
Mbi na macr ocopa

Bryozoan,
Lophopodel | a carteri

Fat head m nnow,
Pi mephal es pronel as

Cl adocer an,
Si nocephal us serrul atus

Cl adocer an,
Si nochephal us vet ul us

Cl adocer an,
Daphni a magna

Cl adocer an,
Daphni a pul ex

Coho sal non,
Oncor hynchus ki sut ch

Chi nook sal non,
Oncor hynchus t shawyt scha

Rai nbow t rout,
Oncor hynchus nyki ss

Wi te perch,
Mbrone aneri cana

Striped bass,
Morone saxatilis

70.

48.

42.

40.

30.

30.

33.

27.

14.

31.

7544

28

78

54

50

03

43

.48

. 254

.78

i 682****



Table B3. (Cont.)

Genus Mean Speci es Mean
Acut e Val ue Acut e Val ue
Rank* (ug/L)** Speci es (ug/L)**
1 1. 647 Brown trout, 1. 647

Salno trutta

* Ranked from nost resistant to nost sensitive based on Genus Mean Acute
Val ue.

** At hardness = 50 ng/L.

***  The GVAV was set equal to the I ower SMAV due to the large range in the
SMAVs in this genus.

**** This SMAV was based on the results reported by Pal awski 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
dat a.

At hardness = 50 ny/L:
FAV = 4.134 ug/L
CMC = FAV/ 2 = 2.067 ug/L

As a function of hardness:

CMC = e 1.128(In hardness) - 3.6867



Tabl e B4. Ranked Genus Mean Chronic Val ues for Cadm um

Genus Mean Speci es Mean
Chroni c Val ue Chroni ¢ Val ue
Rank* (ug/L)** Speci es (ug/L)**
12 20.50 d i gochaet e, 20.50

Aeol osoma headl eyi

11 16. 32 Bl uegil |, 16. 32
Lepomi s macrochirus

10 15. 40 Fat head m nnow, 15. 40
Pi nephal es pronel as

9 8.170 Smal | mout h bass, 8.170
M cropt erus dol om eui

8 8.138 Nort hern pi ke, 8.138
Esox | ucius

7 7.849 Wi t e sucker, 7.849
Cat ost onmus conmer son

6 7.771 Atl anti c sal non, 8.192
Sal no sal ar

Brown trout, 7.372
Salnp trutta

5 5. 336 Fl agfi sh, 5. 336
Jordanel l a floridae

4 4.841 Snai |, 4.841
Apl exa hypnor um

3 4. 383 Br ook trout, 2.362
Sal velinus fontinalis

Lake trout, 8.134
Sal vel i nus namaycush

2 3.399 Coho sal non, 4,289
Oncor hynchus ki sut ch

Chi nook sal non, 2.694
Oncor hynchus t shawyt scha

1 0. 1354*** (l adocer an, 0.1354
Daphni a magna

Cl adocer an, 4,888
Daphni a pul ex

* Ranked from nost resistant to nbst sensitive based on Genus Mean Chronic
Val ue.
** At hardness = 50 ny/L.

B- 10



*** The GVCV was set equal to the lower SMCV due to the large range in the
SMCVs for this genus.

At hardness = 50 ny/L:
FCv = 1.4286 ug/L = CCC (cal cul ated using n = 43)

As a function of hardness:

CCC = o 0.7852(In hardness) - 2.715

B- 11
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GREAT LAKES WATER QUALI TY | NI TI ATl VE
Tier 1 Aquatic Life Criterion for Chromun(l11)

The new acceptabl e acute data for chromun(lIll) are given in
Tabl e Cl1; no new acceptable chronic data were found. These data
were used with those given in Tables 1 and 2 of the criteria
docunent for chromum (U S. EPA 1984) to obtain the val ues given
in Table C2. Because the toxicity of chromun(lll) is hardness-
dependent, all acute values in Table C2 have been adjusted to a
hardness of 50 ng/L.

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
Genus Mean Acute Values in Table C2, resulting in an FAV of 2044
ug/L at a hardness of 50 ng/L. This value did not need to be

| owered to protect a comercially or recreationally inportant
speci es of the G eat Lakes System The CMC was cal cul ated by
dividing the FAV by 2, resulting in a CMC of 1022 ug/L, as total
recoverable chromun(l11), at a hardness of 50 ng/L. The CMC was
related to hardness using the slope of 0.819 that was derived in
U.S. EPA (1985):

CMC = e 0.819(In hardness) + 3.7256

Criterion Continuous Concentration (CCQ

I nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-fam |y procedure.
Sufficient chronic data were available to cal culate a FCV by

di viding the FAV by the Final Acute-Chronic Ratio (FACR). SMACRs
were available for three species (Table C2) and the hi ghest SMACR
was obtained with the nobst resistant of the three. The other two
SMACRs were within a factor of 2.4. The FACR was cal cul ated as
the geonetric mean of the two ACRs and was 41.84. The FCV =

FAV/ FACR = (2044 ug/L)/(41.84) = 48.85 ug/L at a hardness of 50
nmg/L. This value did not need to be Iowered to protect a
commercially or recreationally inportant species of the G eat
Lakes System Thus the CCC was 48.85 ug/L, as total recoverable
chromum(II11), at a hardness of 50 ng/L. The CCC, was related to
har dness using the sl ope of 0.819:

CCC - o 0.819(In hardness) + 0.6848



The Criterion

The procedures described in the G.I tier 1 nethodol ogy indicate

that, except possibly where a locally inportant species is very

sensitive, aquatic organisns should not be affected unacceptably
if the four-day average concentration of chromun(ll1l) does not

exceed the nunerical value (in ug/L) given by the equation

CCC = o 0.819(In hardness) + 0.6848

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

.819(In h; 72
CMC - e08 9(In hardness) + 3.7256

nore than once every three years on the average.



Table Cl. New Acute Values for Chromun(ll1l)

Adj ust ed
Har dness Acut e Acut e
ng/ L as Val ue Val ue
Speci es Met hod* CaCoy,) (ug/L) (ug/L)** Ref er ence
Anphi pod, S, U 50 291, 000 291, 000 Martin and
Crangonyx pseudogracilis Hol di ch 1986

* S = static, U= unmeasured.
** Adjusted to a hardness of 50 ng/L using a slope of 0.819.



Table C2. Ranked Genus Mean Acute Values for Chromun(lI1)

Genus Mean
Acut e Val ue
(ug/L)**

Speci es Mean
Acut e Val ue

Speci es Mean
Acut e- Chroni c
Ratio

17

16

15

14

13

12

11

10

50000

43100

16010

15630

15370

14770

13230

12860

11000

10320

10210

9669

9300

Speci es (ug/L)**
Anmphi pod, 291, 000
Crangonyx pseudogracilis
Caddi sfly, 71060
Hydr opsyche betten
Caddi sfl vy, 50000
Unidentified sp.

Dansel fly, 43100
Uni dentified sp

Cl adocer an, 16010
Daphni a magna

Banded killifish, 15630
Fundul us di aphanus

Punpki nseed, 15720
Leponi s gi bbosus

Bl uegil I, 15020
Lepomni s macrochirus

Wi te perch, 13320
Mor one aneri cana

Striped bass, 16370
Morone saxatilis

Common car p, 13230
Cyprinus carpio

Anerican eel, 12860
Anguilla rostrata

M dge, 11000
Chi rononus sp

Fat head mi nnow, 10320
Pi mephal es pronel as

Snai |, 10210
Ammi col a sp.

Rai nbow trout, 9669
Oncor hynchus nyki ss

Wor m 9300
Nai s sp.



Table C2. (Cont.)

Genus Mean Speci es Mean Speci es Mean
Acut e Val ue Acut e Val ue Acut e- Chroni c
Rank* (ug/L)** Speci es (ug/L)** Rati o
4 8684 Gol df i sh, 8684 = -----

Car assi us aur at us

3 7053 Quppy, 7053 -
Poecilia reticul ata

2 3200 Anmphi pod, 3200 00 ae---
Ganmmar us sp.

1 2221 Mayfly, 2221 -----
Ephenerel |l a subvari a

* Ranked from nost resistant to nbst sensitive based on Genus Mean Acute
Val ue.

** At hardness = 50 ny/L.

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

At hardness = 50 ny/L:

FAV = 2044 ug/L

CMC = FAV/ 2 = 1022 ug/L

As a function of hardness:

CMC = e 0.819(In hardness) + 3.7256

FACR = 41. 84
At hardness = 50 ng/L:

FCV = FAV/ FACR = (2044 ng/L)/(41.84) = 48.85 ug/L = CCC
As a function of hardness:

CCC - e 0.819(In hardness) + 0.6848
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GREAT LAKES WATER QUALI TY | NI TI ATl VE
Tier 1 Aquatic Life Criterion for Chrom un(Vl)

The new acceptabl e acute data for chromun(Vl) 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
docunent for chromum (U S. EPA 1985) to obtain the val ues given
in Tabl e D2.

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
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 inportant species of the G eat
Lakes System The CMC was cal cul ated by dividing the FAV by 2,
resulting in a CMC of 16.02 ug/L, as total recoverable

chrom um(Vl).

Criterion Continuous Concentration (CCQ

I nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-famly procedure.
Sufficient chronic data were available to cal culate a FCV by

di viding the FAV by the Final Acute-Chronic Ratio (FACR). Eight
SMACRs were avail able (Table D2), but three were high SMACRs t hat
were obtained with resistant species and one was a "greater than"
value. O the eight, only four were appropriate for use in
calculating the FACR and the four were within a factor of 6. The
FACR was cal cul ated as the geonetric nean of these four and was
2.917. The FCV = FAV/ FACR = (32.04 ug/L)/(2.917) = 10.98 ug/L.
This value did not need to be lowered to protect a commercially
or recreationally inportant species of the G eat Lakes System
The CCC was 10.98 ug/L, as total recoverable chrom um(Vl).

The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organi sns should not be affected unacceptably
if the four-day average concentration of chrom un(Vl) does not
exceed 10.98 ug/L nore than once every three years on the average
and if the one-hour average concentration does not exceed 16.02
ug/L nore than once every three years on the average.

D1



Table DL. New Acute Val ues for Chrom umVl)

Speci es

Acut e Val ue
Cheni cal (ug/L)

Ref er ence

Cl adocer an
Daphni a magna

Cl adocer an
Daphni a magna

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Anmphi pod,

Crangonyx pseudogracilis

Amphi pod,

Crangonyx pseudogracilis

Bl uegill,

Lepomi s nmacrochirus

Bl uegill,

Lepom s nacrochirus

Bl uegill,

Lepomi s nmacrochirus

S M

S, U

S M

S, U

S M

S, U

S U

S, M

S M

R U

R U

S, M

S M

S, M

K-di chr omat e 900* *

Na- di chr omat e 112**

K- di chr omat e 170**
K- di chromat e 190**
K- di chr omat e 20**
K- di chromat e 20* *
K- di chr omat e 40* *
K- di chromat e 40* *

Na- di chr omat e 122**

K- di chromat e 180**
K- di chr omat e 180**
K- di chromat e 420
K- di chr omat e 810

K- di chr omat e 182, 000* *

K-di chr omat e 154, 000**

K- di chr omat e 201, 240**

D2

Berglind and
Dave 1984

El nabar awy
et al. 1986

Dorn et al
1987

Dorn, et al
1987

Dorn, et al
1987

Dorn, et al
1987

Dorn, et al
1987

Dorn, et al
1987

El nabar awy
et al. 1986

Jop et
al . 1987

Jop et
al . 1987

Martin and
Hol di ch 1986

Martin and
Hol di ch 1986

Jop et
al . 1987

Jop et
al . 1987

Dorn et
al . 1987



Table D1. (Cont.)

Acut e Val ue

Speci es Met hod* Cheni cal (ug/L) Ref er ence
Bl uegill, S, U K- di chromat e 164, 730** Dorn et
Lepomi s nmacrochirus al . 1987
Bl uegill, S M K- di chromat e 199, 200** Dorn et
Lepom s nacrochirus al . 1987
Bl uegill, S, U K- di chromat e 158, 360** Dorn et
Lepomi s nmacrochirus al . 1987
Bl uegill, S M K- di chromat e 148, 310** Dorn et
Lepom s nacrochirus al . 1987
Bl uegill, S, U K-di chromat e 146, 530** Dorn et
Lepomi s nmacrochirus al . 1987
Fat head ni nnow, S M K- di chromat e 46, 000* * Jop et
Pi mephal es pronel as al . 1987
Fat head ni nnow, S M K- di chromat e 34, 000** Jop et
Pi mephal es pronel as al . 1987
Fat head ni nnow, S, U K- di chromat e 26, 130** Dorn et
Pi nephal es pronel as al . 1987
Fat head m nnow, S, M K-di chr omat e 26, 410** Dorn et
Pi mephal es pronel as al . 1987

S = static, FT = flowthrough, M= neasured, U = unmeasured.
** Not used in the calculation of the SMAV because data were avail able for
this species froma "FT, M test.
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Table D2. Ranked Genus Mean Acute Val ues for Chrom unm(Vl)

Genus Mean Speci es Mean Speci es Mean
Acut e Val ue Acut e Val ue Acut e- Chroni c
Rank* (ug/ L) Speci es (ug/L) Rati o
28 1, 870, 000 Stonefly, 1,870,000  -----

Neophasganophora capitata

27 176, 000 Crayfish, 176,000  -----
Orconectes rusticus

26 140, 000 Dansel fly, 140,000 -----
Enal | agma asper sum

25 123, 500 G een sunfi sh, 114,700 -----
Leponi s cyanel | us

Bl uegi l I, 132,900 = -----
Leponi s nmacrochirus

24 119, 500 Gol df i sh, 119,500  -----
Car assi us aur at us

23 72,600 VWi te crappie, 72,600  -----
Ponmoxi s annul ari s

22 69, 000 Rai nbow trout, 69, 000 260. 8**
Oncor hynchus nyki ss

21 67,610 Ermeral d shi ner, 48,400  -----
Not r opi s at heri noi des

Striped shiner, 85,600 @ -----
Not r opi s chrysocephal us

Sand shi ner, 74,600 = -----
Not r opi s stram neus

20 61, 000 M dge, 61,000 = -----
Chi rononus tentans

19 59, 000 Br ook trout, 59, 000 223**
Sal velinus fontinalis

18 57, 300 M dge, 57,300 @ -----
Tanytarsus dissinmlis

17 51, 250 Central stoneroller, 51,250 - ----
Canpost oma anonal um

16 49, 600 Si | verjaw m nnow, 49,600 = -----
Eri cynba buccata
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Table D2. (Cont.)

Genus Mean Speci es Mean Speci es Mean
Acut e Val ue Acut e Val ue Acut e- Chroni c
Rank* (ug/ L) Speci es (ug/L) Rati o
15 47,180 Bl unt nose m nnow, 54,225 -----

Pi nephal es not at us

Fat head m nnow, 41, 050 18. 55**
Pi mephal es pronel as

14 46, 000 Johnny darter, 46,000  -----
Et heost oma ni grum

13 36, 300 Yel | ow perch, 36,300  -----
Perca fl avescens

12 30, 450 Striped bass, 30,450  -----
Morone saxatilis

11 30, 000 Guppy, 30,000  -----
Poecilia reticul ata

10 23,010 Snai |, 23,010 = -----
Physa het er ostropha

9 1, 560 Bryozoan, 1,560  -----
Lophopodel | a carter

8 1, 440 Bryozoan, 1,440  -----
Pectinatell a magnifica

7 650 Bryozoan, 650 0 -----
Plumatel | a emargi nata

6 630 Anphi pod, 630 000 ee-a-
Hyal el | a azteca

5 583 Anphi pod, 583  -----
Crangonyx pseudogracilis

4 67.1 Anphi pod, 67.1 = -----
Ganmar us pseudol i maeus

3 45,1 Cl adocer an, 45.1 1.13
Ceri odaphni a reticul ata

2 36. 35 C adocer an, 40. 9 2. 055
Si nocephal us serrul atus

Cl adocer an, 32.3 5. 267
Si nocephal us vetul us
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Speci es Mean
Acut e Val ue

(ug/L)

Speci es Mean
Acut e- Chroni c
Ratio

Table D2. (Cont.)
Genus Mean
Acut e Val ue
Rank* (ug/ L) Speci es
1 28. 94 Cl adocer an,

Daphni a magna

Cl adocer an,
Daphni a pul ex

*  Ranked from nopst resistant to nost sensitive based on Genus Mean Acute

Val ue.

** Not used in the calculation of the Final

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

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

D-6
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= 10.98 ug/L
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GREAT LAKES WATER QUALITY | NI Tl ATI VE

Tier 1 Aquatic Life Criterion for Copper

The new acceptabl e acute and chronic data for copper are given in
Tabl es E1 and E2. These new data were used with those given in
Tables 1 and 2 of the criteria docunent 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
Tabl e E3 have been adjusted to a hardness of 50 ny/L.

Criterion Maxi num Concentrati on (CMO)

Data given in U S. EPA (1985) for the species Ganmarus pul ex were
not used because this species is not resident in North Anerica.
Several SMAVs given in Table E3 were derived fromU. S. EPA (1985)
by giving preference to results of "FT,M tests.

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
Genus Mean Acute Values in Table E3, resulting in an FAV of 14.57
ug/L at a hardness of 50 ng/L. This value did not need to be

| owered to protect a comercially or recreationally inportant
speci es of the G eat Lakes System The CMC was cal cul ated by
dividing the FAV by 2, resulting in a CMC of 7.285 ug/L, as total
recoverabl e copper, at a hardness of 50 ng/L. The CMC was
related to hardness using the slope of 0.9422 that was derived in
U.S. EPA (1985):

CMC = o 0.9422 (In hardness) - 1.700

Criterion Continuous Concentration (CCQ

| nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-fam |y procedure.
Sufficient chronic data were available to cal culate a FCV by

di viding the FAV by the Final Acute-Chronic Ratio (FACR). The
new chronic test gave an ACR of 15.48 with the fathead m nnow,
the geonetric mean of this value and the four ACRs for this
species in U S. EPA (1985) was 11.20. SMACRs were avail able for
ni ne species (Table E3) and were higher for resistant species.
To make the FACR appropriate for sensitive species, it was
calculated fromthe two SMACRs that were determ ned with species
whose SMAVs were close to the FAV. Thus the FACR was cal cul at ed
as the geonetric nmean 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 ng/L. This value did not need to be Iowered to protect a
commercially or recreationally inportant species of the G eat
Lakes System Thus the CCC was 5.161 ug/L, as total recoverable
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copper, at a hardness of 50 ng/L. The CCC was related to
har dness using the slope of 0.8545 that was derived in U S. EPA
(1985):

CCC = o 0.8545(In hardness) - 1.702

The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organisnms should not be affected unacceptably
if the four-day average concentration of copper does not exceed
the nunerical value (in ug/L) given by the equation

.8545(In h - 1.702
ceC - e085 5(In hardness) 70

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

CMC = e 0.9422 (In hardness) - 1.700

nmore than once every three years on the average.



Table E1. New Acute Val ues for Copper

Adj ust ed

Har dness Acut e Acut e

(mg/L as Val ue Val ue
Speci es Met hod* CaCoO,) (ug/L) (ug/L)** Ref er ence
Cl adocer an, S, U 240 23 5.2 El nabar awy
Ceri odaphnia reticul ata et al. 1986
Cl adocer an, S, U 240 41 9.4 El nabar awy
Daphni a magna et al. 1986
Cl adocer an, S, U 240 31 7.1 El nabar awy
Daphni a pul ex et al. 1986
Amphi pod, S, U 50 1290 1290 Martin and
Crangonyx pseudogracilis Hol di ch 1986
Asi atic clam FT, M 17 >2600 >7184 Harri son
Cor bi cul a mani |l ensi s et al. 1984
M dge, S M 44 739 834 Kosal wat and
Chi rononus decor us Kni ght 1987
Fat head ni nnow, FT, M 43.9 96 109 Spehar and
Pi mephal es pronel as Fi andt 1986
Bl uegill, S M 31.2 340 530*** Bai l ey et
Lepom s nacrochirus al . 1985
Bl uegill, FT, M 31.2 550 858 Bai l ey et
Lepomi s nacrochirus at. 1985
Rai nbow trout, FT, M 9.2 2.8 14 Cusi mano and
Oncor hynchus nyki ss Br akke 1986
Striped bass, S, U 285 270 52 Pal awski
Morone saxatilis et al. 1985

* S = static, FT = flowthrough, U = unmeasured, M = measured.

**  Adjusted to a hardness of 50 ng/L using the slope of 0.9422.

*** Not used in the calculation of the SMAV because data were avail able for
this species froma "FT,M test.



Table E2. New Chronic Val ues for Copper

Acut e Chronic Acut e-

Val ue Val ue Chronic
Speci es Met hod* (ug/L) (ug/L) Rati o Ref er ence
Fat head ni nnow, ELS 96 6.2 15. 48 Spehar and
Pi nephal es pronel as Fi andt 1986

* ELS = early life stage.



Tabl e E3. Ranked Genus Mean Acute Val ues for Copper

Genus Mean Speci es Mean Speci es Mean
Acut e Val ue Acute Value  Acute-Chronic

Rank* (ug/L)** Speci es (ug/L)** Rati o

43 10240 St onefly, 10240  -----
Acroneuria |ycorias

42 > 7184 Asi atic clam > 7184 0 -----
Cor bi cul a mani |l ensi s

41 6200 Caddi sfl vy, 6200  -----
Unidentified sp

40 4600 Dansel fly, 4600 = -----
Unidentified sp

39 4305 Anmeri can eel, 4305  -----
Anguilla rostrata

38 1990 Crayfi sh, 1990  -----
Procanbarus cl arki i

37 1877 Snai |, 1877 156. 2***
Canpel ona deci sum

36 1397 Crayfi sh, 1397  -----
Orconectes rusticus

35 1290 Anphi pod, 1290 0 -----
Crangonyx pseudogracilis

34 1057 Punpki nseed, 640.9 -----
Lepomi s gi bbosus
Bl uegi l I, 1742 37.96*%**
Lepom s nacrochirus

33 900 Snai |, 900  -----
Amni col a sp.

32 790. 6 Banded killifish, 790.6  -----
Fundul us di aphanus

31 684. 3 Mozanbi que til api a 684.3  -----
Ti |l api a nossanbi ca

30 331.8 Striped shiner, 331..8  -----
Not r opi s chrysocephal us

29 289 Gol dfi sh, 280 -----

Car assi us aur at us

28 242.7 Wor m 242.7  eea--
Lunbri cul us vari egat us



Tabl e E3.

25

24

23

22

21

20

19

18

17

Speci es Mean
Acut e- Chroni c
Ratio

26. 36***

11. 20***

(Cont.)
Genus Mean Speci es Mean
Acut e Val ue Acut e Val ue
(ug/L)** Speci es (ug/L)**
196.1 Mosqui t of i sh, 196.1
Ganbusia affinis

170. 2~ M dge, 197
Chi rononus tentans
M dge, 834
Chi r ononus decor us
M dge, 30
Chi rononus sp

166. 2 Snai | , 166. 2
Goni obasi s |ivescens

156. 8 Comon carp, 156. 8
Cyprinus carpio

141. 2 Rai nbow darter 86. 67
Et heost oma caer ul eum
Oranget hroat darter, 230.2
Et heost ona spectabil e

135 Bryozoan, 135
Pectinatella magnifica

133 Chi sel nout h, 133
Acrochei | us al ut aceus

110. 4 Br ook trout, 110. 4
Sal velinus fontinalis

109. 9 Atl antic sal non, 109. 9
Sal no sal ar

97.9 Bl unt nose n nnow, 72.16
Pi nephal es not at us
Fat head m nnow, 132.9
Pi mephal es pronel as

90 Wor m 90
Nai s sp.

86. 67 Bl acknose dace, 86. 67

16

Rhi ni cht hys atratul us



Tabl e E3.

(Cont.)

Genus Mean
Acut e Val ue
(ug/L)**

Speci es

Speci es Mean
Acut e Val ue
(ug/L)**

Speci es Mean
Acut e- Chroni c
Ratio

13

12

11

10

78.55

73.99

69. 81

56. 21

53.08

52~~

39. 33

37.05

37.05

22.09

Cr eek chub,
Senotil us atromacul at us

Quppy, _
Poecilia reticul ata

Central stoneroller,
Canpost oma anomal um

Coho sal non,
Oncor hynchus ki sut ch

Sockeye sal non,
Oncor hynchus nerka

Cutthroat trout,
Oncor hynchus cl ar ki

Chi nook sal non,
Oncor hynchus t shawyt scha

Rai nbow trout,
Oncor hynchus nyki ss

Br own bul | head,
I ctal urus nebul osus

Snai | , _ _
Gyraul us circunstriatus

Wor m
Li modril us hof f nei steri

Wi te perch,
Mbrone aneri canus

Striped bass,
Morone saxatilis

Snai |,
Physa het er ostropha

Snai | ,
Physa integra

Bryozoan,
Lophopodel I a carteri

Bryozoan,
Plumat el | a enmar gi nat a

Anmphi pod,
Ganmar us pseudol i maeus

E-7

78. 55

87.1

233.8

66. 26

42. 26

38. 89

69. 81

56. 21

53. 08

5860

52~~~

35.91

43. 07

37.05

37.05

22.09



Table E3. (Cont.)

Genus Mean Speci es Mean Speci es Mean
Acut e Val ue Acute Value  Acute-Chronic
Rank* (ug/L)** Speci es (ug/L)** Rati o
3 16. 74 Nort hern squawfi sh, 16.74 -----
Pt ychochei | us oregonensi s
2 14. 48 Cl adocer an, 19. 88 2.418
Daphni a magna
Cl adocer an, 6.5  -----
Daphni a pul ex
Cl adocer an, 9.263  -----
Daphni a pulicaria
1 9.92 Cl adocer an, 9.92  -----

Ceri odaphnia reticul ata

Ranked from npst resistant to npst sensitive based on Genus Mean Acute
Val ue.

At hardness = 50 ny/L.

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

This GVAV was not set equal to the | owest SMAV because the species was
not identifed.

This GVAV was set equal to the | ower SMAV due to the large range in the
SMAVs in this genus.

This SMAV was based on the results reported by Pal awaki 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
dat a.

At hardness = 50 ny/L:

FAV

14.57 ug/L

CMC = FAV/ 2 = 7.285 ug/L

As a function of hardness:

CMC = o 0.9422 (In hardness) - 1.700

FACR = 2.823

At hardness = 50 ng/L:

FCV = FAV/ FACR

(14.57 ug/L)/(2.823) = 5.161 ug/L = CCC

As a function of hardness:

oce = 08545 (In hardness) - 1.702

E-8
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Tier 1 Aquatic Life Criterion for Cyanide

No new acceptabl e acute or chronic data were found for cyani de.
Therefore, the data in the existing criteria docunment for cyanide
(U S. EPA 1985) were used as the basis for the derivation of this
criterion. The new taxonony for sal nonids was used (Table F1),
but this did not cause a change in the criterion for cyanide.

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
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 inportant rainbow trout was 44.73 ug/L, the FAV
was | owered to 44.73 ug/L. The CMC was cal cul ated by divi ding
the FAV by 2, resulting in a CMC of 22.36 ug free cyanide (as

CN) / L.

Criterion Continuous Concentration (CCQ

I nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-famly procedure.
Sufficient chronic data were available to cal culate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). Five
SMACRs are available (Table F1), but one was a high SMACR t hat
was obtained with a resistant species; the other four were within
a factor of 1.5. The FACR was cal cul ated as the geonetric nmean
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

| owered to protect a comercially or recreationally inportant
speci es of the G eat Lakes System The CCC was 5.221 ug free
cyanide (as CN)/L.

The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organi sns should not be affected unacceptably
if the four-day average concentration of free cyanide (as CN)
does not exceed 5.221 ug/L nore than once every three years on

t he average and if the one-hour average concentrati on does not
exceed 22.36 ug/L nore than once every three years on the

aver age.

F-1



Tabl e F1.

Genus Mean

Acut e Val
(ug/ L)

ue

Ranked Genus Mean Acute Val ues for Cyanide

Speci es Mean

ue

Speci es Mean
Acut e- Chroni c
Ratio

14

13

12

11

10

432

426

318

167

147

125.1

123.6

102

102

99.

92.

90.

85.

44.

28

64

00

80

73

Acut e Val

Speci es (ug/L)
M dge, 2490
Tanytarsus dissimlis
| sopod, 2326
Asel | us communi s
Snai |, 432
Physa het er ostropha
Stonefly, 426
Pt eronarcys dorsata
Gol dfi sh, 318
Car assi us Aurat us
Anphi pod, 167
Ganmar us pseudol i maeus
Quppy, 147
Poecilia reticulata
Fat head mi nnow, 125.
Pi mephal es pronel as
C adocer an, 160
Daphni a magna
Cl adocer an, 95.
Daphni a pul ex
Lar genout h bass, 102
M cropt erus sal noi des
Bl ack crappi e, 102
Ponmoxi s ni gromacul at us
Bl uegill, 99.
Leponi s nacrochirus
Yel | ow perch, 92.
Perca fl avescens
Atl antic sal non, 90.
Sal no sal ar
Brook trout, 85.
Salvelinus fontinalis
Rai nbow t rout 44,

Oncor hynchus nyki ss

F-2

55

28

64

00

80

73



* Ranked from npbst resistant to nost sensitive based on Genus Mean Acute
Val ue.
** Not used in the cal culation of the Final Acute-Chronic Ratio.

Cal cul ated FAV = 45.77 ug/L
Lowered to protect rainbow trout:
FAV = 44.73 ug/L
CMC = FAV/2 = 22.36 ug/L
FACR = 8.568
FCV = FAV/ FACR = (44.73 ug/L)/(8.568) = 5.221 ug/L = CCC

F-3
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Tier 1 Aquatic Life Criterion for Dieldrin

The new acceptabl e acute data for dieldrin are given in Table Gl;
no new acceptable chronic data were found. These new data were
used with those given in Tables 1 and 2 of the criteria docunent
for dieldrin (U S. EPA 1980) to obtain the values given in Table
&. Athough results fromthe follow ng publications were used
in US. EPA (1980), they were not considered acceptable for use
here: Santharamet al. (1976), Gaufin (1965), and Jensen and
Gaufin (1964).

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
Genus Mean Acute Values given in Table &, resulting in a FAV of
0.4749 ug/L. This value did not need to be Iowered to protect a
commercially or recreationally inportant species of the G eat
Lakes System The CMC was cal cul ated by dividing the FAV by 2,
resulting in a CMC of 0.2374 ug/L.

Criterion Continuous Concentration (CCQ

| nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-famly procedure.
Sufficient chronic data were available to cal culate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). Two
SMACRs were given in Table &; a third SMACR of 6.2 was given in
U S. EPA (1980) for the saltwater nysid. These three were within
a factor of 1.8. The FACR was cal cul ated as the geonetric nean
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

| owered to protect a comercially or recreationally inportant
speci es of the G eat Lakes System The CCC was 0.0557 ug/L.

The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organi sns should not be affected unacceptably
if the four-day average concentration of dieldrin does not exceed
0. 0557 ug/L nore than once every three years on the average and
if the one-hour average concentration does not exceed 0.2374 ug/L
nore than once every three years on the average.



Table GlL. New Acute Val ues for

Speci es

Dieldrin

Test
Dur ati on
(hrs)

Ref er ence

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Stonefly,
Cl aasseni a sabul osa

Stonefly,
Pt eronarcys californica

Stonefly,
Pt eronarcel | a badi a

Dansel flvy,
| schnura verticalis

Annel i d,
Lunbri cul us vari egat us

Rai nbow trout,
Oncor hynchus nyki ss

Rai nbow trout,
Oncor hynchus nyki ss

Rai nbow trout,
Oncor hynchus nyki ss

Gol dfi sh,
Car assi us aur at us

Fat head m nnow,
Pi mephal es pronel as

Bl uegill,
Lepom s nacrochirus

Bl uegill,
Lepomi s nmacrochirus

Punpki nseed,
Lepom s gi bbosus

Cutthroat trout,
Oncor hynchus cl ark

48

48

96

96

96

96

96

96

96

96

96

96

96

96

96

96

G2

12

21.

.2**

. 62

3**

1

8

Dani el s and
Al l an 1981

Mayer and
El |l ersi eck 1986

Mayer and
El | ersieck 1986

Mayer and
El |l ersi eck 1986

Mayer and
El | ersieck 1986

Mayer and
El |l ersi eck 1986

U S. EPA 1991
Mayer and
El |l ersi eck 1986

Shubat and
Curtis 1986

Van Leeuwen
et al. 1985

Mayer and
El | ersieck 1986

Mayer and
El |l ersi eck 1986

Mayer and
El | ersieck 1986

Sanders 1972
Cairns and
Schei er 1964

Mayer and
El |l ersi eck 1986



Table GL. (Cont.)

Test Acut e
Duration  Val ue
Speci es Met hod* (hrs) (ug/L) Ref er ence
Channel catfi sh, Mayer and
I ctal urus punctatus S, U 96 4.5 El | ersi eck 1986
Lar genout h bass, Mayer and
M cropt erus sal noi des S, U 96 3.5 El |l ersi eck 1986

S = static, FT = flowthrough, U = unmeasured, M = neasur ed.
** Not used in the calculation of the SMAV because data were avail able for
this species froma "FT, M test.

G3



Tabl e Q2. Ranked Genus Mean Acute Val ues for

Genus Mean
Acut e Val ue

(ug/L)

Dieldrin

Speci es Mean
Acut e Val ue

(ug/L)

Speci es Mean
Acut e- Chroni c
Ratio

16

15

14

13

12

11

10

228

214

21.

20

17.

12

Speci es
Crayfi sh,
Orconectes nai s
Anphi pod,

Gammarus | acustris
Amphi pod,

Gammar us fasci at us

Cl adocer an,
Daphni a pul ex

Cl adocer an,
Si nocephal us serrul at us

Annel i d,
Lumbri cul us vari egat us

d ass shrinp
Pal aenpnet es kadi akensi s

Fat head m nnow,
Pi mephal es pronel as

Dansel flvy,
I schnura verticalis

Gol df i sh,
Car assi us aur at us

Pumpki nseed,
Lepom s gi bbosus

Bl uegil |,
Lepom s macrochirus

Green sunfish,
Lepom s cyanel | us

| sopod,
Asel | us brevi caudus

Channel catfish,
| ctal urus punctat us

Quppy, _
Poecilia reticul ata

G4

740

460

620

228

214

21.8

20

17.7

12



Tabl e G2.

(Cont.)

Genus Mean

Acut e Val ue

Rank* (ug/L)

Speci es

Largemout h bass,
M cropt erus sal noi des

Chi nook sal non,
Oncor hynchus t shawyt scha

Coho sal non,
Oncor hynchus ki sutch

Cutthroat trout,
Oncor hynchus cl ar ki

Rai nbow trout,
Oncor hynchus nyki ss

St onefly,
Cl aasseni a sabul osa

Stonefly,
Pt eronarcys californica

St onefly,
Pt eronarcel | a badi a

Speci es Mean Species Mean
Acute Value  Acute-Chronic

(ug/L)

6.1

10.8

0. 62

Rati o

Ranked from nost

Val ue.

The GVAV was set equal

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

G5

resistant to nost sensitive based on Genus Mean Acute

to the I owest SMAV due to the large range in the

CCC
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Tier 1 Aquatic Life Criterion for Endrin

The new acceptabl e acute data for endrin are given in Table Hi;
no new acceptable chronic data were found. These new data were
used with those given in Tables 1 and 2 of the criteria docunent
for endrin (U S. EPA 1980) to obtain the values given in Table
H2. Results in the follow ng publications were used in U S. EPA
(1980) but were not considered acceptable for use here: Katz and
Chadw ck (1961), Naqui and Ferguson (1968), Nebeker and Gaufin
(1964), Gaufin et al. (1965), Jensen and Gaufin (1966), Post and
Schroeder (1971), Mount (1962), and Sol on (1969).

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
Genus Mean Acute Values given in Table H2, resulting in a FAV of
0.1728 ug/L. This value did not need to be Iowered to protect a
commercially or recreationally inportant species of the G eat
Lakes System The CMC was cal cul ated by dividing the FAV by 2,
resulting in a CMC of 0.0864 ug/L.

Criterion Continuous Concentration (CCQ

| nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-fam |y procedure.
Sufficient chronic data were available to cal culate 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

m nnow was consi dered unacceptable for use here. ACRs of 1.9 and
18 were determned 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 cal cul ated as the geonetric
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 I owered to protect a commercially or recreationally inportant
speci es of the G eat Lakes System The CCC was 0.03575 ug/L.

The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organisns should not be affected unacceptably
if the four-day average concentration of endrin does not exceed
0. 03575 ug/ L nore than once every three years on the average and
if the one-hour average concentration does not exceed 0.0864 ug/L
nore than once every three years on the average.

H1



Tabl e HI1.

Speci es

New Acute Val ues for

Met hod*

Endrin

Test
Dur ati on
(hrs)

Acut e
Val ue

(ug/

L)

Ref er ence

Cl adocer an

Ceri odaphnia reticulata S, U

Cl adocer an
Daphni a magna

Cl adocer an
Daphni a magna

Cl adocer an
Daphni a magna

Cl adocer an
Daphni a magna

Cl adocer an
Daphni a magna

Cl adocer an
Daphni a pul ex

Cl adocer an
Daphni a pul ex

Annel i d,
Lunbri cul us vari egat us

Sni pe fly,
At heri x vari egat us

M dge,
Tanytarsus dissimlis

Stonefly,
Acroneuria pacifica

Crayfi sh,
Orconectes i nmuni s

Dansel flvy,
| schnura verticalis

Dansel flvy,
I schnura verticalis

Yel | ow perch,
Perca fl avescens

Lar genout h bass,
M cropt erus sal noi des

Bl ack bul | head,
I ctal urus nel as

S, U

S, U

S, U

S, U

S, M

S, U

S, U

FT, M

S, U

S, M

S, U

FT, M

S, U

S, U

FT, U

S, U

S, U

48

48

48

48

48

48

48

48

96

96

48

96

96

96

96

96

96

96

H 2

59

41

74

160

20

30

42.

. 84

. 18**

.15

.31

El nabarawy et al. 1986

Mayer and Ellersieck 1985
El nabarawy et al. 1986
Mayer and Ellersieck 1985
Mayer and El | ersi eck 1985

Thurston et al. 1985

Mayer and El | ersi eck 1985
El nabarawy et al. 1986

U S. EPA 1991

Mayer and Ellersieck 1985
Thurston et al. 1985

Mayer and Ellersieck 1985
Thurston et al. 1985

Mayer and Ellersieck 1986
Mayer and El |l ersi eck 1986
Mayer and Ellersieck 1986
Mayer and El |l ersi eck 1986
Mayer and Ellersieck 1986



Table HL. (Cont.)

Test Acut e

Duration Val ue
Speci es Met hod* (hrs) (ug/L) Ref er ence
Channel catfi sh,
| ctal urus punct at us S, U 96 0.32*** Mayer and Ell ersieck 1986
Channel catfi sh,
I ctal urus punctatus S, U 96 1.1*** Mayer and El |l ersi eck 1986
Channel catfi sh,
| ctal urus punct at us FT, M 96 0.42 Thurston et al. 1985
Rai nbow trout,
Oncor hynchus nyki ss S, U 96 0. 75*** Mayer and El |l ersieck 1986
Rai nbow trout,
Oncor hynchus nyki ss FT, M 96 0.3 Thurston et al. 1985
Gol dfi sh,
Car assi us auratus FT, U 96 0. 44*** Mayer and El |l ersieck 1986
Gol df i sh,
Car assi us auratus FT, M 96 0.95 Thurston et al. 1985
Fat head ni nnow,
Pi nephal es pronel as S, U 96 1.8*** Mayer and El |l ersi eck 1986
Fat head m nnow,
Pi mephal es pronel as FT, M 96 0. 65 Thurston et al. 1985
Mosqui t of i sh,
Ganbusia affinis S, U 96 1.1*** Mayer and El |l ersi eck 1986
Mosqui t of i sh,
Ganbusia affinis FT, M 96 0. 69 Thurston et al. 1985
Car p,
Cyprinus carpio FT, U 96 0.32 Mayer and El | ersi eck 1986
Bl uegill,
Lepomi s nmacrochirus FT, M 96 0.21 Thurston et al. 1985
Bul I frog tadpol e,
Rana cat esbel ana FT, M 96 2.5 Thurston et al. 1985

FT = flowthrough, S = static, U = unneasured, M = neasured.

**  Not used in the calculation of the FAV because it is not appropriate to
have one of the four | owest GVAVs be a "greater than" val ue.

*** Not used in the calculation of the SMAV because data were avail able for
this species froma "FT,M test.
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Tabl e H2. Ranked Genus Mean Acute Val ues for

25

24

23

22

21

20

19

18

17

16

15

14

Genus Mean
Acut e Val ue

(ug/ L)

43

38

34

24

.95

Speci es

Mayfly,
Hexageni a bilineata

Crayfi sh,
Orconectes nai s

Crayfi sh,
Orconectes i nmuni s

Annel i d,
Lunbri cul us vari egat us

Cl adocer an
Daphni a magna

Cl adocer an
Daphni a pul ex

d adocer an
Si nocephal us serrul at us

Cl adocer an
Ceri odaphnia reticul ata

Sni pe fly,
At heri x vari egat us

Amphi pod,

Gammar us fasci at us

Anmphi pod,
Gammar us | acustris

Bul I frog tadpol e
Rana cat esbei ana

Dansel flvy,
| schnura verticalis

Guppy, .
Poecilia reticul ata

| sopod,
Asel | us brevi caudus

d ass shrinp,
Pal aenponet es kadi akensi s

Gol df i sh,
Car assi us aur at us

H- 4

Endrin

Speci es Mean
Acut e Val ue

(ug/ L)

89

43

59

24

34

24

.95

Speci es Mean
Acut e- Chroni ¢
Rati o



Table H2. (Cont.)

Genus Mean Speci es Mean Species Mean
Acut e Val ue Acute Value  Acute-Chronic
Rank* (ug/L) Speci es (ug/L) Rati o
13 0.85 Fl agfi sh, 0.85 3.3

Jordanel l a floridae

12 0. 84 M dge, 0.84 = -----
Tanytarsus dissimlis

11 0.76 Stonefly, 0.76 = —eeo-
Cl aasseni a sabul osa

10 0. 69 Mosqui t of i sh, 0.69  -----
Ganbusia affinis

9 0.68 Bl ack bul | head, 1.1 aaaa-
I ctalurus mnel as

Channel catfi sh, 0.42 - ---
I ctal urus punctatus

8 0.57 Coho sal nmon, 0.5 —-a--
Oncor hynchus ki sut ch

Chi nook sal non, 1.2 ooo-.
Oncor hynchus t shawyt scha

Rai nbow trout, 0.3  aaa--
Oncor hynchus nyki ss

7 0.54 Stonefly, 0.54  --c--
Pt eronarcel | a badi a

6 0. 49 Fat head m nnow, 0.49 .-
Pi mephal es pronel as

5 0.32 Common carp, 0.32  —----
Cyprinus carpio

4 0.31 Lar genout h bass, 0.3z  -----
M cropt erus sal noi des

3 0. 25 Stonefly, 0.25  aeoa-
Pt eronarcys californica

2 0.21 Bl uegill, 0.21  -----
Lepom s nacrochirus

1 0.15 Yel | ow perch, 0.15 = -----
Perca fl avescens

* Ranked from nost resistant to nost sensitive based on Genus Mean Acute
Val ue.
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FAV = 0.1728 ug/L
CMC = FAV/ 2 = 0.0864 ug/L
FACR = 4. 833

FCV = FAV/ FACR = (0.1728 ug/L)/(4.833) = 0.03575 ug/L = CCC
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GREAT LAKES WATER QUALITY | NI Tl ATI VE

Tier 1 Aquatic Life Criterion for Lindane

The new acceptabl e acute data for |indane are given in Table I1
no new acceptable chronic data were found. These new data were
used with those given in Tables 1 and 2 of the criteria docunent
for Iindane (U S. EPA 1980) to obtain the values given in Table
| 2.

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
Genus Mean Acute Values given in Table 12, resulting in a FAV of
1.903 ug/L. This value did not need to be lowered to protect a
commercially or recreationally inportant species of the G eat
Lakes System The CMC was cal cul ated by dividing the FAV by 2,
resulting in a CMC of 0.9515 ug/L.

Criterion Continuous Concentration (CCQ

Three ACRs were given in U S. EPA (1980) but the ACR for the
fathead m nnow was consi dered unacceptable for use here. No new
ACRs were avail able and so a FCV could not be cal cul ated using
either the eight-famly procedure or the FACR procedure.
Therefore, a CCC could not be determ ned.

The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organisns should not be affected unacceptably
by acute toxicity if the one-hour average concentration of

I i ndane does not exceed 0.9515 ug/L nore than once every three
years on the average.



Table 1'1. New Acute Val ues for Lindane

Test Acut e

Dur ati on Val ue
Speci es Met hod* (hrs) (ug/L) Ref er ence
Cl adocer an, Randal |
Daphni a magna S, U 48 516 et al. 1979
Cl adocer an, Her mens
Daphni a magna S M 48 1000 et al. 1984
Amphi pod, Mayer and
Gammarus | acustris S, U 96 88 El |l ersi eck 1986
Snai |, Bl uzat and
Lymaea stagnalis S, U 96 3.3 Senge 1979
Stonefly, Mayer and
Pt eronarcys cal i fornicus S, U 96 4.5 El | ersieck 1986
Stonefly, Mayer and
Pt er onarcys cal i fornicus S, U 96 1 El l ersieck 1986
Dansel flvy, Federl e and
Lest es congener S, U 96 20 Col lins 1976
Backswi nmer, Federl e and
Not onect a undul at a S, U 96 3 Collins 1976
Craw i ng water beetl e, Federl e and
Pel t odytes sp. S, U 96 20 Collins 1976
Coho sal non, Mayer and
Oncor hynchus ki sut ch S, U 96 23 El l ersieck 1986
Lake trout, Mayer and
Sal vel i nus nanaycush S, U 96 32 El | ersieck 1986
Lake trout, Mayer and
Sal vel i nus namaycush S, U 96 24 El l ersieck 1986
Brown trout, Mayer and
Salno trutta S, U 96 24 El | ersi eck 1986
Brown trout, Mayer and
Salnmo trutta S, U 96 25 El l ersieck 1986
Brown trout, Mayer and
Salno trutta FT, U 96 22 El | ersi eck 1986
Rai nbow trout, Tooby and
Oncor hynchus nyki ss FT, M 96 22 Durbin 1975
Rai nbow trout, Mayer and
Oncor hynchus nyki ss S, U 96 18** El | ersieck 1986
Rai nbow trout, Mayer and
Oncor hynchus nyki ss S, U 96 24** El l ersieck 1986



Table I'1. (Cont).

Speci es

Test
Dur ati on
(hrs)

Acut e
Val ue

(ug/ L)

Ref erence

Rai nbow trout,
Oncor hynchus nyki ss

Rai nbow trout,
Oncor hynchus nyki ss

Rai nbow trout,
Oncor hynchus nyki ss

Bl uegill,
Lepom s nacrochirus

Bl uegill,
Lepomi s nmacrochirus

Green sunfish,
Lepom s cyanel | us

G een sunfi sh,
Lepomni s cyanel | us

Yel | ow perch,
Perca fl avescens

Fat head mi nnow,
Pi mephal es pronel as

Fat head mi nnow,
Pi mephal es pronel as

Fat head mi nnow,
Pi mephal es pronel as

Gol dfi sh,
Car assi us aur at us

Gol df i sh,
Car assi us aur at us

Channel catfi sh,
I ctal urus punctatus

Fow ers toad,

Buf o woodhousei fow eri

Western chorus frog,

Pseudacris triseriata

96

96

96

96

96

96

96

96

96

96

96

96

96

96

31**

41%*

30

57

56

70

83

23

77

67

86

90

105

Mayer and
El | er si eck 1986

Mayer and
El | ersieck 1986

Tooby and
Dur bin 1975

Randal |
et al. 1979

Mayer and
El | er si eck 1986

Mayer and
El | ersi eck, 1986

Mayer and
El | er si eck 1986

Mayer and
El | ersieck 1986

Mayer and
El | er si eck 1986

Mayer and
El | ersieck 1986

Mayer and
El | er si eck 1986

Macek and
McAl i ster 1970

Mayer and
El | er si eck 1986

Mayer and
El | ersieck 1986

Mayer and
El | er si eck 1986

Mayer and
El | ersieck 1986

S = static, FT = flowthrough, U = unneasured, M = neasured.
** Not used in the calculation of the SMAV because data were avail able for

this species froma "FT,M test.



Table 12. Ranked Genus Mean Acute Val ues for Lindane

Genus Mean Speci es Mean Speci es Mean
Acut e Val ue Acut e Val ue Acut e- Chroni c
Rank* (ug/ L) Speci es (ug/L) Rati o
23 3200 Fow ers toad, 3200  -----

Buf o woodhousi fow eri

22 2650 Western chorus frog, 2650  -----
Pseudacris triseriata

21 676 Cl adocer an, 676 00 ae---
Si nocephal us serrul atus

20 538 Cl adocer an, 630 33
Daphni a magna

Cl adocer an, o
Daphni a pul ex

19 207 M dge, 207 63
Chi rononus tentans

18 138 Guppy, 138 -----
Poecilia reticul ata

17 117 CGol dfi sh, 117 0 —----
Car assi us aur at us

16 90 Car p, 90 0 aeea-
Cyprinus carpio

15 72 Fat head m nnow, 72 -
Pi mephal es pronel as

14 71 Bl uegill, 566 0 eee--
Lepomni s nacrochirus

Redear sunfi sh, 83  _-_--
Lepomi s m crol ophus

G een sunfi sh, 76 -
Leponi s cyanel | us

13 55 Channel catfi sh, 46  -----
I ctal urus punctatus

Bl ack bul | head, 64 = oo
I ctalurus nel as

12 40 Yel | ow per ch, 40 0 aa---
Perca fl avescens

11 35 Br ook trout, 44 0 e
Sal velinus fontinalis

Lake trout, 28  ___--
Sal vel i nus namaycush
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Table 12. (Cont.)

Speci es Mean
Acut e Val ue
Speci es (ug/L)

Speci es Mean
Acut e- Chroni c
Ratio

Genus Mean
Acut e Val ue
Rank* (ug/ L)
10 33
9 32
8 26. 11
7 20
6 20
5 13
4 10
3 3.3
2 3
1 2.1

Rai nbow t rout, 26
Oncor hynchus nyki ss

Coho sal non, 36
Oncor hynchus ki sut ch

Chi nook sal non, 40
Oncor hynchus t sawyt scha

Lar genout h bass, 32
M cropt erus sal noi des

Anmphi pod, 10. 49
Gamar us fasci at us

Amphi pod, 65
Gammarus | acustris

Dansel flvy, 20
Lest es congener

Craw i ng water beetl e, 20
Pel t odyt es sp.

Brown trout, 13
Salno trutta

| sopod, 10
Asel | us brevi caudus

Snai |, 3.3
Lymaea stagnalis

Backswi mrer, 3
Not onect a undul at a

Stonefly, 2.1
Pt eronarcys californicus

* Ranked from npbst resistant to nost sensitive based on Genus Mean Acute

Val ue.

FAV = 1.903 ug/L

CMC = FAV/ 2 = 0.9515 ug/L
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GREAT LAKES WATER QUALITY | NI Tl ATI VE

Tier 1 Aquatic Life Criterion for Mercury(ll)
The new acceptabl e acute data for nercury(ll) 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 docunent for
mercury(ll) (U S. EPA 1985) to obtain the values given in Table
J2.

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
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 inportant species of the G eat
Lakes System The CMC was cal cul ated by dividing the FAV by 2,
resulting in a CMC of 1.694 ug/L as total recoverable
mercury(ll).

Criterion Continuous Concentration (CCQ

I nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-famly procedure.
Sufficient chronic data were available to cal culate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). ACRs
were given for two freshwater species and one sal twater species
in US EPA (1985). The ACR obtained with the nore resistant

fat head m nnow was nmuch hi gher than the other two. The ACR
obtained with the saltwater nysid was 3.095 and was simlar to

t he Speci es Mean Acute-Chronic Ratio of 4.498 for Daphnia magna.
The FACR was cal cul ated as the geonetric nean of the two SMACRs
and was 3.731. The FCV = FAV/ FACR = (3.388 ug/L)/(3.731) =
0.9081 ug/L. This value did not need to be Iowered to protect a
commercially or recreationally inportant species of the G eat
Lakes System The CCC was 0.9081 ug/L as total recoverable
mercury(ll).

The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organisns should not be affected unacceptably
if the four-day average concentration of nmercury(ll) does not
exceed 0.9081 ug/L nore than once every three years on the
average and if the one-hour average concentration does not exceed
1.694 ug/L nore than once every three years on the average.

J-1



Tabl e J1.

Speci es

New Acute Val ues for

Mercury(Il1)

Ref erence

Cl adocer an
Ceri odaphnia reticul ata

Cl adocer an
Daphni a nagna,

Cl adocer an
Daphni a pul ex

Amphi pod,

Crangonyx pseudogracilis

M dge,
Chi rononus ripari us

Mosqui t of i sh
Ganbusia affinis

Wal ki ng catfi sh,
Cl ari as batrachus

Fat head mi nnow,
Pi nephal es pronel as

Quppy, _
Poecilia reticul ata

750

230

375

172

.0**

El nabar awy
et al. 1986

El nabar awy
et al. 1986

El nabar awy
et al. 1986

Martin and
Hol di ch 1986

Rossar o
et al. 1986

Paul ose 1988
Ki r ubagar an
and Joy 1988

Spehar and
Fi andt 1986

Khangar ot
and Ray 1987

S = static, R = renewal,

48 to 96 hours.

FT = fl owt hrough,
** Not used in the derivation of the criterion because the correspondi ng 48-
hr LC50 is 470 ug/L, which is an unusually large decrease in the LC50 from

J-2

U = unneasured, M = neasur ed.



Tabl e J2.

Ranked Genus Mean Acute Val ues for

Genus Mean
Acut e Val ue

(ug/ L)

Speci es

Mercury(Il1)

Speci es Mean
Acut e Val ue

(ug/L)

Speci es Mean
Acut e- Chroni c
Ratio

27

26

25

24

23

22

21

20

19

18

17

16

15

2000

1200

1200

1000

1000

406.

375

370

257

250

240

203

180

Stonefly,
Acroneuria |lycorias

Mayfly,

Ephenerel |l a subvaria

Caddi sfl vy,
Hydr opsyche betteni

Caddi sfly,
(Uni dent i fi ed)

Dansel flvy,
(Unidentified)

Wor m
Nai s sp.

Mozanbi que til api a
Ti | api a nossanbi ca

Tubi ficid worm
Spi rosperma ferox

Tubificid worm

Spi rosper ma ni kol skyi

Wal ki ng catfish,
Cl ari as batrachus

Snai |,
Apl exa hypnorum

Coho sal non,

Oncor hynchus ki sut ch

Rai nbow t rout,
Oncor hynchus nyki ss

Tubi ficid worm

2000

1200

1200

1000

1000

330

500

375

370

240

275

250

Qui stadrilus nultisetosus

Tubificid worm

Rhyacodri | us nontana

Mosqui t of i sh,
Ganbusia affinis

Tubificid worm

Li modril us hof f nei steri

J-3

240

203

180



Table J2. (Cont.)

Genus Mean Speci es Mean Species Mean
Acut e Val ue Acute Value  Acute-Chronic
Rank* (ug/ L) Speci es (ug/L) Rati o
14 163 Fat head m nnow, 163 > 649. 2**

Pi nephal es pronel as

13 160 Bl uegil |, 160 = o=
Lepomi s macrochirus

12 140 Tubi ficid worm 140 0 —----
Tubi f ex tubifex

11 140 Tubi ficid worm 140 0 -----
Styl odril us heringi anus

10 122*** M dge, 20 a----
Chi rononus sp.

M dge, 750 0 -----
Chi rononus riparius

9 100 Tubi ficid worm 100 = a----
Vari chaeta pacifica

8 80 Tubi ficid worm 80 0 o=
Branchi ura sower byi

7 80 Snai |, 80 000 aee--
Ammi col a sp.

6 50 Crayfi sh, 50 0 —----
Orconectes |inbsus

5 28 Quppy, 28 -----
Poecilia reticul ata

4 20 Crayfi sh, 20 e--a-
Faxonel | a cl ypeat us

3 10 Anmphi pod, 10 = eeea-
Ganmmar us sp.

2 3.3 Cl adocer an, 3.7 4,498
Daphni a magna

Cl adocer an, 2.9 ...
Daphni a pul ex

1 2.9 Cl adocer an, 2.9  ____
Ceri odaphni a reticul ata

* Ranked from nost resistant to nbst sensitive based on Genus Mean Acute
Val ue.
**  Not used in the calculation of the Final Acute-Chronic Ratio.
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*** This GVAV was not set equal to the | owest SMAV because the species was
not identified.

FAV = 3.388 ug/L
CMC = FAV/2 = 1.694 ug/L
FACR = 3.731

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

J-5
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GREAT LAKES WATER QUALITY | NI Tl ATI VE

Tier 1 Aquatic Life Criterion for N ckel

The new acceptabl e acute data for nickel are given in Table Kl
no new acceptable chronic data were found. These data were used
with those given in Tables 1 and 2 of the criteria docunment for
ni ckel (U.S. EPA 1986) to obtain the values given in Table K2.
Some of the SMAVS in Table K2 differ fromthose given in Table 3
in US. 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 ng/L.

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
Genus Mean Acute Values in Table K2, resulting in an FAV of 522
ug/L at a hardness of 50 ng/L. This value did not need to be

| owered to protect a commercially or recreationally inportant
speci es of the G eat Lakes System The CMC was cal cul ated by
dividing the FAV by 2, resulting in a CMC of 261 ug/L, as total
recoverabl e nickel, at a hardness of 50 ng/L. The CMC was
related to hardness using the slope of 0.846 that was derived in
U.S. EPA (1986):

CMC = o 0.846 (In hardness) + 2.255

Criterion Continuous Concentration (CCQ

| nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-fam |y procedure.
Sufficient chronic data were available to cal culate a FCV by

di viding the FAV by the Final Acute-Chronic Ratio (FACR). SMACRs
were available for two freshwater species and one sal twater
species (U S. EPA 1986). The saltwater ACR was 5.478 and the
three are within a factor of 6.5. The FACR was cal cul ated as the
geonetric nean 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
nmg/L. This value did not need to be Iowered to protect a
commercially or recreationally inportant species of the G eat
Lakes System Thus the CCC was 29.02 ug/L, as total recoverable
ni ckel , at a hardness of 50 ng/L. The CCC was related to

har dness using the sl ope of 0.846:

CCC - o 0.846 (In hardness) + 0.0584

K-1



The Criterion

The procedures described in the G.I tier 1 nethodol ogy indicate

that, except possibly where a locally inportant species is very

sensitive, aquatic organisns should not be affected unacceptably
if the four-day average concentration of nickel does not exceed

the nunerical value (in ug/L) given by the equation

CCC = o 0.846 (In hardness) + 0.0584

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

.846(In h; 2.2
CMC = e08 6 (In hardness) + 55

nore than once every three years on the average.



Tabl e K1. New Acute Val ues for N ckel

Adj ust ed
Acut e
Val ue

(ug/L)**

Ref er ence

Har dness
(mg/L as
Speci es Met hod* CaCoO,)
Snai |, FT, U 26
Physa gyri na
Amphi pod, S, U 50
Crangonyx pseudogracilis
M dge, (1st instar) S, U 55
Chi rononus riparis
M dge, (1st instar) S, U 55
Chirononus riparis
M dge, (1st instar) S, U 55
Chi rononus riparis
M dge, (2nd instar) S, U 55
Chi rononus riparis***
M dge, (2nd instar) S, U 55
Chi rononus riparis***
M dge, (2nd instar) S, U 55

Chi rononus riparis***

66, 100

72,400

81, 300

84, 900

184, 000

150, 000

174, 000

66, 100

66, 791

75, 002

78, 323

169, 746

138, 380

160, 521

Nebeker
et al. 1986

Martin and
Hol di ch 1986

Pow esl and and
George 1986

Pow esl and and
George 1986

Pow esl and and
George 1986

Pow esl and and
George 1986

Pow esl and and
George 1986

Pow esl and and
George 1986

* S = static, FT = flowthrough, U = unneasured.
** Adjusted to a hardness of 50 ng/L using a sl ope of 0.846.
*** Not used in the calculation of the SMAV because data were available for a

nore sensitive life stage.



Tabl e K2. Ranked Genus Mean Acute Val ues for N cke

Genus Mean Speci es Mean Speci es Mean
Acut e Val ue Acut e Val ue Acut e- Chroni c

Rank* (ug/L)** Speci es (ug/L)** Rati o

21 73208 M dge, 73208 0 -----
Chirononus riparis

20 66100 Anmphi pod, 66100  -----
Crangonyx pseudogracilis

19 43250 Banded kil lifish, 43250  -----
Fundul us di aphanus

18 40460 Stonefly, 40460  -----
Acroneuria |lycorias

17 30200 Caddi sfly 30200 0 -----
Unidentified sp.

16 21320 Gol df i sh, 21320  -----
Car assi us auratus

15 21200 Dansel fly, 21200  -----
Unidentified sp.

14 14100 Wor m 14100  -----
Nai s sp.

13 13380 Rai nbow trout, 13380  -----

Oncor hynchus nyki ss

12 13000 Anphi pod, 13000 = —----
Ganmmar us sp.

11 12770 Snai |, 12770 aa---
Ammi col a sp.

10 12756 Punpki nseed, 7544  o--_-
Lepomi s gi bbosus

Bl uegill, 21570  -----
Leponi s nacrochirus

9 12180 American eel, 12180  -----
Anguilla rostrata

8 9839 Common car p, 9839  o----
Cyprinus carpio

7 9661 Guppy, 9661 @ -----
Poecilia reticul ata

6 8697 Wi te perch, 12790  -----
Morone aneri cana

Striped bass, 5914 = o=
Morone saxatilis
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Table K2. (Cont.)

Speci es Mean
Acut e Val ue
(ug/L)**

Speci es Mean
Acut e- Chroni c
Ratio

Genus Mean
Acut e Val ue
Rank* (ug/L)** Speci es
5 6707 Fat head m nnow,
Pi nephal es pronel as
4 4636 Mayfly,
Ephenerel |l a subvaria
3 4312 Rock bass,
Anbl oplites rupestris
2 1500 Cl adocer an,
Daphni a pulicaria

Cl adocer an,

Daphni a magna

1 416 Snai | ,

Physa gyri na

4312

2042

1102

416

*  Ranked from nopbst resistant to npost sensitive based on Genus Mean Acute

Val ue.
** At hardness = 50 ng/L.

At hardness = 50 ny/L:
FAV = 522 ug/L
CMC = FAV/ 2 = 261 ug/L

As a function of hardness:

CMC = e

FACR = 17.99

At hardness = 50 ny/L:

FCV = FAV/ FACR = (522 ug/L)/(17.99)

As a function of hardness:

CCC = e

0.846(In hardness) + 2.255

= 29.02 ug/L = OCC

0.846(In hardness) + 0.0584
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GREAT LAKES WATER QUALI TY | NI Tl ATI VE
Tier 1 Aquatic Life Criterion for Parathion
No new acceptabl e acute or chronic data for parathi on were found.
Therefore, the data given in Tables 1 and 2 of the criteria

docunent for parathion (U S. EPA 1985) were used to obtain the
val ues given in Table L1

Criterion Maxi num Concentrati on (CMO)

Sonme of the Genus Mean Acute Values given in Table 3 of U S. EPA
(1985) were changed because of the new taxonony for sal nonids and
because only one value was cal cul ated for the genus Chirononus;

t hese changes did not affect the FAV. The Final Acute Val ue
(FAV) was cal cul ated using the four | owest Genus Mean Acute

Val ues 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
or recreationally inportant species of the G eat Lakes System
The CMC was cal cul ated by dividing the FAV by 2, resulting in a
CMC of 0.06495 ug/L.

Criterion Continuous Concentration (CCQ

| nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-famly procedure.
Sufficient chronic data were available to cal culate a FCV by

di viding the FAV by the Final Acute-Chronic Ratio (FACR). Three
Speci es Mean ACRs were available (Table L1). The ACRs obtai ned
with the resistant fishes were nuch higher than that obtained
with the sensitive cladoceran. To nake the FACR appropriate for
sensitive species, it was set equal to the ACR of 10.10 obtai ned
with the cladoceran. The FCV = FAV/ FACR = (0.1299 ug/L)/(10.10)
= 0.01286 ug/L. This value did not need to be | owered to protect
a commercially or recreationally inportant species of the G eat
Lakes System The CCC was 0.01286 ug/L.

The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organi sns should not be affected unacceptably
if the four-day average concentration of parathion does not
exceed 0.01286 ug/L nore than once every three years on the
average and if the one-hour average concentration does not exceed
0. 06495 ug/L nore than once every three years on the average.

L-1



Table L1. Ranked Genus Mean Acute Val ues for Parat hion

Genus Mean Speci es Mean Speci es Mean
Acut e Val ue Acut e Val ue Acut e- Chroni ¢
Rank* (ug/L) Speci es (ug/ L) Rati o
31 5,230 Tubi ficid worm 5,230 -----
Tubi fex sp.
30 5, 230 Tubi ficid worm 5,230  -----
Li modril us sp.
29 2,650 Channel catfish, 2,650  -----
I ctal urus punctat us
28 2,223 Gol df i sh, 2,223 -----

Car assi us aur at us

27 1, 838 Br ook trout, 1,760  -----
Sal vel inus fontinalis

Lake trout 1,920  -----
Sal vel i nus namaycush

26 1,510 Brown trout, 1,510 - --
Salnmo trutta

25 1, 486 Cutthroat trout, i,560 0 -----
Oncor hynchus cl ark

Rai nbow trout, 1,415 -----
Oncor hynchus gai rdneri

24 1, 130 | sopod, 1,130 -
Asel | us brevi caudus

23 1, 000 Western chorus frog, 1,000 0 -----
Pseudacris triseriata

22 839.6 Fat head m nnow, 839.6 79. 45%*
Pi mephal es pronel as

21 688. 7 Green sunfi sh, 930  -----
Lepom s cyanel | us

Bl uegi I I, 510 2121**
Lepom s macrochirus

20 620 Largenout h bass, 620  -----
M cropt erus sal noi des

19 320 Mosqui t of i sh, 320 -----
Ganbusia affinis

18 <250 Crayfi sh, <250  -----
Pr ocanbarus sp.

17 56 Quppy, 56 -----
Poecilia reticul ata
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Tabl e

L1. (Cont.)

Genus Mean
Acut e Val ue

(ug/L)

Speci es

Speci es Mean
Acut e Val ue

(ug/L)

Speci es Mean
Acut e- Chroni c
Ratio

14

13

12

11

10

2.739

2.227

1.697***

1.127

0.8944

0.7746

Mayfly,
Hexageni a bilineata

Beet | e,
Pel t odyt es spp.

St onefly,
Pt eronarcys californica

Stonefly,
Pt eronarcel | a badi a

Dansel flvy,
Lest es congener

Stonefly,
Acroneuria pacifica

Pr awn,
Pal aenpnet es kadi akensi s

Mayfly,

Cl oeon di pterum

M dge,

Chi rononus tentans
M dge,

Chi rononus ri pari us
St onefly,

Cl aasseni a sabul osa
Anphi pod,

Gammar us f asci atus
Amphi pod,

Gammarus | acustris

Phant om mi dge,
Chaobor us sp.

Cl adocer an,
Daphni a magna

Cl adocer an,
Daphni a pul ex

Dansel flvy,
I schnura verticalis

d adocer an,
Si nocephal us serrul at us

L-3

2.739

2.227

1.697



Table L1. (Cont.)

Genus Mean Speci es Mean  Speci es Mean
Acut e Val ue Acut e Val ue Acut e- Chroni c
Rank* (ug/L) Speci es (ug/L) Rati o
1 0.04 Crayfi sh, 0.4  -----

Orconectes nai s

* Ranked from nbst resistant to nbst sensitive based on Genus Mean Acute
Val ue.

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

*** This GVAV was set equal to the |ower SMAV due to the large range in the
SMAVs 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) = 0.01286 ug/L = CCC

L- 4
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GREAT LAKES WATER QUALITY | NI Tl ATI VE

Tier 1 Aquatic Life Criterion for Pentachl orophenol

No new acceptabl e acute or chronic data for pentachl orophenol
were found. Therefore, the data given in Tables 1 and 2 of the
criteria docunent for pentachl orophenol (U S. EPA 1986) were used
to obtain the values given in Table ML. Because the toxicity of
pent achl or ophenol is pH dependent, all acute values in Table M
have been adjusted to a pH of 6.5.

Criterion Maxi num Concentrati on (CMO)

Sonme of the Genus Mean Acute Values given in Table 3 of U S. EPA
(1985) were changed because of the new taxonony for sal nonids and
because the values for Jordanella floridae and Rana cat esbei ana
had been incorrectly adjusted to a pH of 6.5 and because the SVAV
for Ganmarus pseudol i maeus had been cal cul ated incorrectly. The
Fi nal Acute Value (FAV) was cal cul ated using the four | owest
Genus Mean Acute Values given in Table ML, resulting in a FAV of
10.56 ug/L at a pH of 6.5. This value did not need to be | owered
to protect a commercially or recreationally inportant species of
the G eat Lakes System The CMC was cal cul ated by dividing the
FAV by 2, resulting in a CMC of 5.28 ug/L at a pHof 6.5. The
CMC was related to pH using the slope of 1.005 that was derived
in US EPA (1986):

1.005(pH) - 4.869
cMC = e MO0 (PH)

Criterion Continuous Concentration (CCQ

| nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-fam |y procedure.
Sufficient chronic data were available to cal culate a FCV by

di viding the FAV by the Final Acute-Chronic Ratio (FACR). Six
Speci es Mean ACRs were avail able (Table ML), but two of themwere
"greater than" values. The range of the other four was |ess than
a factor of 6. The FACR was cal cul ated as the geonetric nmean of
the four simlar 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 conmercially or
recreationally inportant species of the G eat Lakes System The
CCC was 4.049 ug/L at a pH of 6.5. The CCC was related to pH
usi ng the sl ope of 1.005:

1. H) - 5.134
coe - o 100S(pH) - 5.13

M1



The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organisns should not be affected unacceptably
if the four-day average concentration of pentachl orophenol does
not exceed the nunerical value (in ug/L) given by the equation

1. H) - 5.134
coe - o 100S(pH) - 5.13

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

1.005(pH) - 4.869
CMC - e (pH)

nore than once every three years on the average.
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Table ML. Ranked Genus Mean Acute Val ues for Pentachl or ophenol

Genus Mean
Acut e Val ue
(ug/L)**

Speci es Mean
Acut e Val ue

Speci es Mean
Acut e- Chroni c
Ratio

30

29

28

27

26

25

24

23

22

21

20

19

18

>43920

11260

10610

417. 7

408. 2

403. 2

361. 6

317.5

306. 7

224. 2

195. 4

182.5

172.1

155.9

132.1

Speci es (ug/L)**
Crayfi sh, >43920
Orconectes imunis
M dge, 11260
Tanytarsus dissinmlis
Sci onyzi d, 10610
Sepedon fusci pennis
Tubi ficid worm 417.7
Rhyacodri |l us nont ana
Tubi ficid worm 408. 2
Styl odril us heringi anus
Snai |, 403. 2
Glila altilis
Tubi ficid worm 239.5

Spi rosperma ferox

Tubi ficid worm 545. 8
Spi r osper ma ni koi skyl

Tubi ficid worm 317.5
Qui stadrilus nultisetosus

Fl agfi sh, 306.7
Jordanel |l a floridae

Tubificid worm 224. 2
Tubi f ex tubi fex

Quppy, 195. 4
Poecilia reticul ata

Tubificid worm 182.5
Li modril us hof fnei steri

Amphi pod, 172.1
Crangonyx pseudogracilis

Tubi ficid worm 155.9
Branchi ura sower byi

Snai |, 132.1
Physa gyri na

M 3
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Tabl e ML.

(Cont.)

Genus Mean
Acut e Val ue

(ug/L)**

Speci es

Speci es Mean
Acut e Val ue

(ug/L)**

Speci es Mean
Acut e- Chroni c
Ratio

15

14

13

12

11

10

78.

67.

65.

63.

60.

60.

58.

57.

56.

34.

33.

10

13

53

11

50

43

47

72

41

13

91

Lar genout h bass,
M cropt erus sal noi des

Amphi pod,
Ganmar us pseudol i maeus

Anmphi pod,

Hyal el | a azteca

Cl adocer an,
Daphni a pul ex

Cl adocer an,
Daphni a magna

Cl adocer an,
Ceri odaphni a reticul ata

Gol dfi sh,
Car assi us aur at us

Fat head m nnow,
Pi mephal es pronel as

Mosqui t of i sh,
Ganbusia affinis

Snai |,
Apl exa hypnorum

Tubi ficid worm
Vari chaeta pacifica

A adocer an,
Si nocephal us vet ul us

Bl uegill,
Leponi s nacrochirus

Br ook trout,
Sal velinus fontinalis

Bul I frog,
Rana cat esbei ana

M 4

87.

90.

67.

67.

65.

63.

60.

60.

58.

57.

56.

34.

33.

48

83

15

13

53

11

50

43

47

72

41

13

91

>15. 79***



Table ML. (Cont.)

Genus Mean Speci es Mean Species Mean

Acut e Val ue Acute Value  Acute-Chronic
Rank* (ug/L)** Speci es (ug/L)** Rati o
3 31.26 Rai nbow trout, 35. 34 4.564

Oncor hynchus nyki ss

Coho sal non, 31.82 = —----
Oncor hynchus ki sut ch

Sockeye sal non, 32.85 = -----
Oncor hynchus nerka

Chi nook sal non, 25.85 = —----
Oncor hynchus t shawyt scha

2 26. 54 Channel catfi sh, 26.54 = -----
| ctal urus punctatus

1 4. 355 Common carp, 4.355 = o_-_..
Cyprinus carpio

* Ranked from nost resistant to nbst sensitive based on Genus Mean Acute
Val ue.

** At pH = 6.5.

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

At pH = 6.5:

FAV = 10.56 ug/L

CMC = FAV/2 = 5.28 ug/L
As a function of pH

1.005(pH) - 4.
OMC - o 1005 (PH) - 4.869

FACR = 2.608

At pH = 6.5:
FCV = FAV/ FACR = (10.56 ug/L)/(2.608) = 4.049 ug/L = CCC
As a function of pH:

1.005(pH) - 5.134
coe - o LOOS(pH) - 5.13
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GREAT LAKES WATER QUALI TY | NI Tl ATI VE

Tier 1 Aquatic Life Criterion for Sel enium
The new acceptabl e acute data for seleniumare given in Table O1;
no new acceptable chronic data were found. These new data were
used with those given in Tables 1 and 2 of the criteria docunent
for selenium (U S. EPA 1987) to obtain the values given in Tabl es
2 and G3.
Sel eniun(1V):

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
Genus Mean Acute Values given in Table @2, resulting in a FAV of
371.8 ug/L. This value did not need to be |lowered to protect a
commercially or recreationally inportant species of the G eat
Lakes System The CMC was cal cul ated by dividing the FAV by 2,
resulting in a CMC of 185.9 ug/L.

Criterion Continuous Concentration (CCQ

I nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-famly procedure.
Sufficient chronic data were available to cal culate a FCV by
dividing the FAV by the Final Acute-Chronic Ratio (FACR). Four
Speci es Mean ACRs were avail able (Table O2), but the one
determined wwth the acutely resistant species was higher than the
other three; the three were within a factor of 2.4. The FACR was
cal cul ated as the geonetric nmean 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 inportant rainbow trout. The CCC
was 27.6 ug/L.

Sel eni um( VI):

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
Genus Mean Acute Values given in Table O3, resulting in a FAV of
25.066 ug/L. This value did not need to be Iowered to protect a
commercially or recreationally inportant species of the G eat
Lakes System The CMC was cal cul ated by dividing the FAV by 2,
resulting in a CMC of 12.533 ug/L.

Criterion Continuous Concentration (CCQ

N1



| nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-famly procedure.
Sufficient chronic data were available to cal culate a FCV by

di viding the FAV by the Final Acute-Chronic Ratio (FACR). Three
Speci es Mean ACRs were available (Table G3), and they increased
as the acute sensitivities of the species increased. To nmake the
FACR appropriate for sensitive species, it was set equal to the
SMACR of 2.651 for the sensitive Daphnia magna. The FCV =

FAV/ FACR = (25.066 ug/L)/(2.651) = 9.455 ug/L. This value did
not need to be lowered to protect a commercially or
recreationally inportant species of the Geat Lakes System The
CCC was 9. 455 ug/ L.

Tot al sel eni um

As discussed in U S. EPA (1987), field studies conducted on

Bel ews Lake in North Carolina suggested that sel enium m ght be
nore toxic to certain species of freshwater fish than had been
observed in | aboratory chronic toxicity tests. Based upon these
field studies and sone | aboratory studies, the CCC for total
seleniumwas set at 5 ug/L. The Final Acute-Chronic Ratio for
total seleniumwas cal culated as the geonetric nmean of the six
ACRs in Tables 2 and O3 that are between 2.5 and 16.5 and was
7.737. The FAV was cal cul ated by nmultiplying the CCC by the FACR
and was 38.68 ug/L. The CMC was cal cul ated by dividing the FAV
by 2, resulting in a CMC of 19.34 ug/L as total recoverable

sel eni um

The Criterion

The procedures described in the G.I Tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organisns should not be affected unacceptably
if the four-day average concentration of selenium does not exceed
5 ug/L nore than once every three years on the average and if the
one- hour average concentration does not exceed 19.34 ug/L nore
than once every three years on the average.
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Table Ol. New Acute Val ues for Sel eni um

Speci es

Cheni ca

Acut e Val ue
(ug/L)

Ref er ence

Cl adocer an
Daphni a magna

Cl adocer an
Daphni a magna

Na- sel enite

[ Sel eni un(1V)]

Na- sel enat e
[ Sel eni um(V1)]

Johnst on 1987

Johnst on 1987

* S = static,

U = unneasur ed.
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Table 2. Ranked Genus Mean Acute Val ues for Sel eniun(lV)

Genus Mean
Acut e Val ue

(ug/ L)

Speci es Mean
Acut e Val ue

Speci es Mean
Acut e- Chroni c
Ratio

20

19

18

17

16

15

14

13

12

11

10

203000

42500

35000

34910

30176

28500

26100

25934

24100

13600

12600

11700

10490

10200

6500

2704

1796

Speci es (ug/L)
Leech, 203000
Nephel opsi s obscure
M dge, 42500
Tanytarsus dissinmlis
Common carp, 35000
Cyprinus carpio
Snai |, 34910
Apl exa hypnor um
Wi te sucker, 30176
Cat ost onus conmer son
Bl uegil I, 28500
Lepomni s macrochirus
Gol df i sh, 26100
Car assi us auratus
M dge, 25934
Chi rononus pl unosus
Snai |, 24100
Physa sp.

Channel catfi sh, 13600

| ctal urus punctat us

Mosqui t of i sh, 12600
Ganbusia affinis

Yel | ow Per ch, 11700
Perca fl avescens

Rai nbow Trout, 10490
Oncor hynchus nyki ss

Br ook trout, 10200
Sal velinus fontinalis

Fl agfi sh, 6500
Jordanel l a floridae

Amphi pod, 2704
Ganmar us pseudol i maeus

Cl adocer an, 834
Daphni a magna

Cl adocer an, 3870
Daphni a pul ex

N-4
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Table 2. (Cont.)

Genus Mean Speci es Mean Speci es Mean
Acut e Val ue Acut e Val ue Acut e- Chroni c
Rank* (ug/ L) Speci es (ug/L) Rati o
5 1783 Striped bass, 1783 -
Morone saxatilis
4 1700 Hydr a, ivo0 0 -----
Hydra sp.
3 1601 Fat head m nnow, 1601 6. 881
Pi nephal es pronel as
2 <603. 6 Cl adocer an, <603.6 -----
Ceri odaphnia affinis
1 340 Anmphi pod, 340 00000 ee---

Hyal el | a azteca

* Ranked from npbst resistant to nost sensitive based on Genus Mean Acute
Val ue.
** Not used in the cal culation of the Final Acute-Chronic Ratio.

FAV = 371.8 ug/L
CMC = FAV/ 2 = 185.9 ug/L
FACR = 7.998

FCV = FAV/ FACR = (371.8 ug/L)/(7.998) = 46.49 ug/L
Lowered to protect rainbow trout:

FCv = 27.6 ug/L = CCC
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Tabl e 3. Ranked Genus Mean Acute Val ues for

Sel eni un{VI)

Speci es Mean
Acut e- Chroni c
Ratio

Genus Mean Speci es Mean
Acut e Val ue Acut e Val ue
(ug/ L) Speci es (ug/L)
442000 Leech, 442000

Hephel opsi s obscura
193000 Snai |, 193000
Apl exa hypnor um
66000 Channel catfi sh, 66000
I ctal urus punctatus
63000 Bl uegi l I, 63000
Lepomi s nmacrochirus
47000 Rai nbow trout, 47000
Oncor hynchus nyki ss
20000 M dge, 20000
Par at anyt ar sus part henogeneti cus
7300 Hydr a, 7300
Hydra sp.
5500 Fat head m nnow, 5500
Pi mephal es pronel as
760 Anphi pod, 760
Hyal el | a azteca
550. 1 Cl adocer an, 1230
Daphni a magna
Cl adocer an, 246
Daphni a pulicaria
65. 38 Anphi pod,

Ganmar us pseudol i maeus

*  Ranked from nost
Val ue.

FAV = 25.066 ug/L
CMC = FAV/2 = 12.533 ug/L
FACR = 2.651

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

N- 6

= 9.455 ug/L

resistant to nost sensitive based on Genus Mean Acute

= CCC
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GREAT LAKES WATER QUALITY | NI Tl ATI VE

Tier 1 Aquatic Life Criterion for Zinc

The new acceptabl e acute data for zinc are given in Table P1; no
new acceptable chronic data were found. These data were used
with those given in Tables 1 and 2 of the criteria docunment for
zinc (U S. EPA 1987) to obtain the values given in Table P2.
Because the toxicity of zinc is hardness-dependent, all acute
val ues in Table P2 have been adjusted to a hardness of 50 ng/L.

Criterion Maxi num Concentrati on (CMO)

The Fi nal Acute Value (FAV) was cal cul ated using the four | owest
Genus Mean Acute Values in Table P2, resulting in an FAV of 133.2
ug/L at a hardness of 50 ng/L. This value did not need to be

| owered to protect a comercially or recreationally inportant
speci es of the G eat Lakes System The CMC was cal cul ated by
dividing the FAV by 2, resulting in a CMC of 66.6 ug/L, as total
recoverable zinc, at a hardness of 50 ng/L. The CMC was rel ated
to hardness using the slope of 0.8473 that was derived in U S.
EPA (1987):

CMC = o 0.8473 (In hardness) + 0.884

Criterion Continuous Concentration (CCQ

I nsufficient chronic toxicity data were available to calculate a
Final Chronic Value (FCV) using the eight-fam |y procedure.
Sufficient chronic data were available to cal culate a FCV by

di viding the FAV by the Final Acute-Chronic Ratio (FACR). SMACRs
were avail abl e for seven species (Table P2), but three were for
resi stant species and one was a "l ess than" value. The other
three were within a factor of 10.4. The FACR was cal cul ated as
the geonetric nmean of the three SMACRs and was 1.994. According
to the Gl tier 1 methodol ogy, the FACR cannot be |ess than 2.
The FCV = FAV/ FACR = (133.2 ug/L)/(2) = 66.6 ug/L at a hardness
of 50 ng/L. This value did not need to be lowered to protect a
commercially or recreationally inportant species of the G eat
Lakes System Thus the CCC was 66.6 ug/L, as total recoverable
zinc, at a hardness of 50 ng/L and equals the CMC. The CCC was
related to hardness using the slope of 0.8473:

CCC - o 0.8473 (In hardness) + 0.884

When it equals the CMC, the CCCis irrel evant because the CMC has
a shorter averagi ng period.
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The Criterion

The procedures described in the G.I tier 1 nethodol ogy indicate
that, except possibly where a locally inportant species is very
sensitive, aquatic organisns should not be affected unacceptably
if the one-hour average concentration of zinc does not exceed the
numerical value (in ug/L) given by the equation

CMC = o 0.8473 (In hardness) + 0.884

nore than once every three years on the average.
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Table P1. New Acute Val ues for Zinc

Adj ust ed

Har dness Acut e Acut e

(mg/L as Val ue Val ue
Speci es Met hod* CaCo0,) (ug/L) (ug/L)** Ref er ence
Frog, S, M 100 34500 19176 Dawson
Xenopus | aevi s et al. 1988
Cl adocer an, S, U 300 1100 241 Berglind and
Daphni a magna Dave 1984

* S = Static, M= neasured, U = unmeasur ed.
** Adjusted to a hardness of 50 ng/L using slope = 0.8473.
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Tabl e P2.

Ranked Genus Mean Acute Val ues for Zinc.

Genus Mean
Acut e Val ue
(ug/L)**

Speci es Mean
Acut e Val ue

Speci es Mean
Acut e- Chroni c
Ratio

34

33

32

31

30

29

28

27

26

25

24

23

22

19176

18400

17940

16820

13630

10560

10250

9712

8157

8100

7233

6580

6053

Speci es (ug/L)**
Dansel flvy, 88960
Argia sp

Amphi pod, 19800
Crangonyx pseudogracilis

Fr og, 19176
Xenopus | aevi s

VWorm 18400
Nai s sp.

Banded killifish, 17940
Fundul us di aphanus

Snai |, 16820
Ammi col a sp

Ameri can eel, 13630

Anguilla rostrata

Punpki nseed, 18790
Lepomi s gi bbosus

Bl uegill, 5937
Lepomi s nacrochirus

Gol df i sh, 10250
Car assi us aur at us

Wor m 9712
Lunbri cul us vari egat us

| sopod, 5731
Asel | us bicrenata

| sopod, 11610
Asel | us comuni s

Amphi pod, 8100
Gammar us sp.

Common car p, 7233
Cyprinus carpio

Nort hern squawfi sh, 6580
Pt ychochei | us or egonensi s

Quppy, 6053
Poecilia reticul ata
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Tabl e P2.

(Cont.)

Genus Mean
Acut e Val ue
(ug/L)**

Speci es Mean
Acut e Val ue
Speci es (ug/L)**

Speci es Mean
Acut e- Chroni c
Ratio

19

18

17

16

15

14

13

12

11

10

4900

4341

3830

3265

2176

2100

1707

1672

1607

1578

1353

1307

>1264

Gol den shi ner, 6000
Not enmi gonus crysol eucas

Wi t e sucker, 5228
Cat ost onmus conmer son

Asi atic clam 4900
Cor bi cul a fl um nea

Sout hern pl atyfi sh, 4341
Xi phophorus macul at us

Fat head m nnow, 3830
Pi nephal es pronel as

| sopod, 3265
Li rceus al abamae

Atl anti c sal non, 2176
Sal no sal ar

Br ook trout, 2100
Sal velinus fontinalis

Bryozoan, 1707
Lophopodel | a carteri

Fl agfi sh, 1672
Jordanel |l a floridae

Bryozoan, 1607
Plumatel | a enmargi nata

Snai |, 1578
Hel i soma canpanul at um

Snai | , 1683
Physa gyrina

Snai |, 1088
Physa het er ostropha

Bryozoan, 1307
Pectinatella magnifica

Tubi ficid worm >1264
Li mmodril us hof fnei steri
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Table P2. (Cont.)

Genus Mean Speci es Mean Species Mean

Acut e Val ue Acute Value  Acute-Chronic
Rank* (ug/L)** Speci es (ug/L)** Rati o
6 931.3 Rai nbow trout, 689. 3 1.554

Oncor hynchus nyki ss

Coho sal non, 1628 0 a----
Oncor hynchus ki sut ch

Sockeye sal non, 1502 <6.074***
Oncor hynchus nerka

Chi nook sal non, 446. 4 0. 7027
Oncor hynchus t shawyt scha

5 790 Mozanbi que til api a, 790 -
Ti |l api a nossanbi ca

4 299.8 Cl adocer an, 355.5 7.26
Daphni a magna

Cl adocer an, 252.9 Lo -.
Daphni a pul ex

3 227.8 Longfi n dace, 227.8 ==
Agosi a chrysogast er

2 119. 4 Stri ped bass, 119.4  -----
Morone saxatilis

1 93. 95 Cl adocer an, 174.1 -
Ceri odaphni a dubi a

Cl adocer an, 50.70 = -----
Ceri odaphnia reticul ata

* Ranked from nost resistant to npbst sensitive based on Genus Mean Acute
Val ue.

** At hardness = 50 ng/L.

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

At hardness = 50 ny/L:
FAV = 133.2 ug/L
CMC = FAV/2 = 66.6 ug/L

As a function of hardness:

CMC = o 0.8473(In hardness) + 0.884
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FACR = 1.994 but was raised to 2

At hardness = 50 ny/L:
FCV = FAV/ FACR = (133.2 ug/L)/(2) = 66.6 ug/L = CCC
As a function of hardness:

CCe - e 0.8473 (In hardness) + 0.884
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