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SUMMARY

Effluent discharged from Alyeska's Ballast Water Treatment Facility was evaluated
during the period of September 1989 through December 1991 for acute and chronic
toxicity to, respectively, 11 and 7 representative species of marine animals. Chronic
toxicity of effluent to 2 representative species of plants was also assessed. The most
sensitive of acutely evaluated animal species {which included two indigenous species;
l.e., coonstripe shrimp [Pandalus hypsinotus] and pink salmon [Oncorhvnchus
gorbuschal) was the mysid shrimp (Mysidopsis hahia), which was characterized by a
mean (geometric mean) 96-hr median lethai concentration (96-hr LC50) of
approximately 51.4% effluent. The most sensitive of chronically assessed animal
species (which also included pink salmon) was the inland silverside (Mendia
bervllina}, which generated a mean Maximum Acceptable Toxicant Concentration
(MATC) of about 15.6% eifluent. The two evaluated species of plants, a diatom

(Thalagsiosira pseudonana) and.a red alga (Champia parvula), were not deleteriously
affected at the highest concentration of effluent tested (50.0% effluent).

Water quality criteria were derived for effluent by interpreting the above-referenced
toxicological data in the context of the rigorous protocols promulgated by the U. S.
Environmental Protection Agency for the derivation of numerical national water quality
criteria for discharged substances. The acute criterion -- the Criteria Maximum
Concentration (CMC) -- was determined to be 21% eifluent; whereas, the chronic
criterion -- the Criteria Continuous Concentration (CCC) -~ is 16% effluent. The CCC
was derived by the "application factor approach," in which a Final Application Factor
(FAF) of 0.39 was developed from paired acute and chronic toxicological data. This
FAF is the inverse of a Final Acute:Chronic Ratio (FACR) of 2.56 and is substantially

lower than the 0.01 AF identified in the State of Alaska's present water quality
standards.

The CMC (21% effluent) and CCC (16% effluent) must be achieved at the
boundaries of the mixing zone (MZ} established in the vicinity of the effluent outfall.
Dilution factors approximating just 4.8 (CMC) and 6.2 (CCC) are required to disperse
effluent within the MZ to environmentally protective levels. |n addition, lethality to
aquatic organisms passing through the MZ can be prevented if the CMC is achieved



e

within a short distance of the effluent outfall (which is characteristic of high-velogity
discharge structures) or, more quantitatively, if drifting organisms are not exposed to 1-
hr mean concentrations of effluent exceeding the CMC.
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1. INTRODUCTION

The objectives of this report are two-fold. The first objective is to present in an.
easily assimilable format the results of numerous aquatic toxicity tests conducted
during the last several years with effluent discharged from Alyeska’s Ballast Water
Treatment Facility (BWTF). The second objective is to employ these toxicological
results to derive water quality criteria for the effluent. This latter objective is predicated
upon development of a Final Application Factor (FAF) or Final Acute:Chronic Ratio
(FACR) for the effluent. (The FAF and FACR bear an inverse relationship to each
other.)

The aquatic toxicity tests presented in this report were performed during the period
of September 1989 through December 1991 by four different aquatic toxicology
laberatories. These laboratories collectively tested 11 representative species of
marine animals for acute sensitivity to effluent, as well as 7 representative species of
marine animals and 2 representative species of marine plants for chronic sensitivity to
effluent. Many of these species were tested repetitively over the above-referenced 28-
month period. Several of the species were evaluated in response to conditions
included in the U.S. Envircnmental Protection Agency's (EPA, 1989) National
Pollution Discharge Elimination System (NPDES) Permit for effluent (Part 1.B.9.e-f of
permit, acute survival tests; and Part 1.B.9.a-d of permit; sublethal tests). The
toxicological data base presented in this report consists of a total of 58 separate acute
or chronic (in most cases, “short-term” chronic) toxicity tests. Results of additional
toxicity tests performed with effluent are not presented in the report because of
unacceptable responses of control organisms (EPA; 1985,1989).

Water quality criteria for effluent were derived by employing the protocols
promulgated by the EPA for the derivation of numerical national water quality criteria
for discharged substances (e.g., EPA, 1986 [the “Gold Book”]; Appendix A of this
report). These protocols are substantially more rigorous than the procedures normally
recommended by the EPA (1991) for deriving water quality criteria for individual
“whole” effluents. However, both sets of protocols are based, in part, upon the
development of a FAF {or FACR) to “convert” acute toxicological data (e.g., median
lethal concentrations [LC50s]) into chronic water quality criteria. The State of Alaska’s



present water quality standards (State of Alaska, undated) mandates exclusive use of
an arbitrary AF of 0.01 for protection of aquatic life and wildlife from a variety of
discharged substances (i.e., toxics and other deleterious organic and inorganic
substances, total aromatic hydrecarbons, and total hydrocarbons). Centemporary
toxicological guidelines for deriving water quality criteria for discharged substances
(e.g., EPA; 1986, 1991) recommend the use of empirically derived (measured) AFs, as
compared to assumed factors {such as the 0.01 factor). In the absence of empirically
derived AFs for whole effluents, an assumed factor of 0.10 is recommended for use
(EPA, 1991).

The State of Alaska’s water quality standards may be updated as a consequence
of its 1989-1991 "“Triennial Review” to reflect the above-referenced contemporary
toxicological guidelines. For example, the Alaska Department of Environmental
Conservation (ADEC, 1991) has noted that “the 0.01 factor is scientifically outdated,
and provides unjustifiably low critetia values.” The water quality criteria derived in this
report are responsive to the ADEC’s conclusion that such criteria should be based
upon scientifically justified procedures.



2. PROCEDURE

Aquatic toxicity of ballast-water effluent was documented by evaluating sensitivity
of representative species of marine animals and plants to effluent (Table 1). Eleven
(11) representative marine animals were evaluated for acute sensitivity to effluent and
7 representative marine animals were assessed for chronic sensitivity to effluent. Two
(2) representative marine plants were also evaluated for chronic sensitivity to effluent.
The evaluated species represent the various taxonomic categoties recommended by
the EPA (1986; Appendix A of this report) for deriving numerical national water quality
criteria for discharged substances. Five (5) species of marine animals -- sheepshead
minnows, inland silversides, pink salmon, mysid shrimp, and purple sea urchins --
were assessed for both acute and chronic sensitivity to effluent in order to develop

Application Factors (AFs) and inversely related Acute:Chronic Ratios (ACRs) for
effluent.

Aquatic toxicity testing was performed by four aquatic toxicology laboratories:
Continental Shelf Associates (1990), ENSR (1990a-1990l), Battelle (1990a-1990b;
1981a-1991d; 1992), and T.H.E. Laboratories (1991). Acute toxicity tests, 72- or 86-hr
in duration, were conducted according to procedures recommended by the EPA
(1985). Most organisms were exposed to test media under static-renewal conditions .
However, purple sea urchins (embryos and larvae) were tested by static, non-renewal
techniques. Also, pink salmon and coonstripe shrimp (juveniles/adults) were
sometimes tested by both static-renewal and dynamic (flow-through) techniques.

Short-term chronic toxicity tests were performed with early-life stages of
sheepshead minnows and inland silversides over a 7-day period by static-renewal
methods recommended by the EPA (1988). Similar 7-day, static-renewal tests were
performed with mysid shrimp (partial-life-cycle tests). Bay mussels (larvae), sand
dollars (gametes), purple sea urchins (gametes), diatoms, and red algae were tested
over shorter exposure periods by static, non-renewal techniques. Pink salmon were
evaluated in a 28-day partial-life-cycle test by dynamic techniques.

Toxicological data presented in this report conform with standards recommended
for data employed in the derivation of numerical national water quality criteria for



discharged substances (EPA, 1986) and/or, in the case of some chronic data (i.e., data
generated by shori-term chronic toxicity tests), more contemporary toxicological
standards (EPA; 1988, 1981). In particular, toxicological values reported as "greater
than™ (>) values are included in the report (EPA, 1986). This EPA-recommended
practice mandates that calculations employed to develop the Final Acute Value (FAV)
for effluent, as well as the Final Application Factor (FAF) and Final Acute:Chronic Ratio
(FACR) for effluent, must be based upon absolute values.

Water quality criteria for effluent -- i.e., the Criteria Maximum Concentration (CMC)
and Criteria Continuous Concentration (CCC) -- were derived in accordance with
protocols promulgated for the derivation of numerical national water quality criteria for
discharged substances (EPA, 1986). The CMC was derived from a FAV (CMC = 0.5
FAV) that was not based upon a Final Acute Equation since there was no indication
that acute toxicity of effluent is related to specific ambient water quality characteristics.
The CCC is defined by the EPA (1986) as being equal to the lowest of the Final
Chronic Value (FCV), Final Plant Value (FPV), and Final Residue Value (FRV). Inthe
case of ballast-water effiuent, the FCV was less than the FPV (as will be indicated later
in this report) and a FRV was not applicable. (In the latter case, Maximum Permissible
Tissue Concentrations have not been promulgated for chemical constituents that are
characteristic of effluent.) .Consequently, the CCC. for effluent was equivalent to the
FCV, which, in turn, was derived by the "application factor approach,” in which the FAV
is divided by the FACR. Chronic toxicity of effluent has not been demonstrated to be
dependent upon specific ambient water quality characteristics. Therefore, detivation
of the FCV was not predicated upon a Final Chronic Equation.



Table 1. __ Representative marine animals and plants evaluated for sensitivity to ballast-water

effluent

Taxonomic category@
represented by
marine animal or plant

Marine animat or plant
evaluated for sensitivily
to ballast-water effluent

fi

im

vl f

Acute Sensitivity to Efflyentd

1. Family in phylum Chordata

2. Second family in phylum Chordata

3. Either Mysidae or Penaeidae family
(not chordates)

4. Second family in phylum other than Chordata

(can include family not evaluated
for above-referenced Category 3)

5. Third family in phylum other than
Chordata

6. Fourth family in phylum other than
Chordata

7. Family in phylum other than
Chordata and Arthropoda

8. Any family not referenced
above

Sheepshead minnow (Cyprinodon varieqatus) --
Phylum: Chordata; Family: Cyprinodontidae®

Inland silverside (Menidia beryfling) --
Phylum: Chordata; Family: Atherinidae®

Rainbow trout (Qncorhvnchug mykiss) --

Phylum: Chordata; Family: Salmonidae

Pink salmon (Qncorhynchus gorbuscha) -

Phylum: Chordata; Family: SalmonidaeC: d

Mysid shrimp (Mysidopsis bahia) --
Phylum: Arthropoda; Family: MysidaeC

Coonstripe shrimp (Pangulus hypsinotus) --
Phylum: Arthropoda; Family: Pandalidaed

Amphipod (Rheoboxynius abronius) --
Phylum: Arthropoda; Family: Phoxocephalidae

Amphipod (Corophi inicorna) -
Phylum: Arthropada; Family: Qedicerotidae

Polychaete worm (Neanthes arenaceodentata) --

Phylum: Annelida; Family: Nereidae

Blue mussel (Mvtilus edulis) -
Phylum: Mollusca; Family: Mytilidae

Purple sea urchin (Strongylocentrotus purpuratus) -

Phylum: Echinodermata; Family: StrongylocentrotidaeC




Table 1. __ Representative marine animals and plants evaluated for sensitivity to ballast-water

effluent -- cont.

Taxonomic category@
represented by
marine animal or plant

Marine animal or plant
evaluated for sensitivity
1o ballast-water effluent

frova.

1. Family in Superclass Pisces
(a fish species)

2. Family of invertebrates
{aninvertebrate species)

3. Acutely sensitive saltwater species
in any family not referenced above

1. Phylum of saliwater algae
or vascular plants

2. Second phylum of saltwater
" algae or vascular plants

Marine Animals Evaluated for

Sheepshead minnow (C. yariegatus) -
Phylum: Chordata; Family: Cyprinodontidae®

Inland silverside (M. herylling) -
Phylum: Chordata; Family: Atherinidae®

Pink salmon (Q. gorbuscha) --

Phylum: Chordata; Family: SalmonidaeC

Bay mussel (M. spp.) --
Phylum: Mollusca; Family: Mytilidaef

Sand dollar (Dendraster excentricus) -
Phylum: Echinodermata; Family: Dendrasteridae

Mysid shrimp (M. bahig) --
Phylum: Arthropoda; Family: Mysidae®

Purple sea urchin (8. purpuratus) —
Phylum: Echinodermata; Family: Strongylocentrotidae ¢ f

Marine Piants Evaluated for
Chronic Sensitivity to Effluentd

Diatorn (Thalassiosira pseudonana) -
Phylum: Chrysophyta

Red alga (Champia parvula) -
Phylum: Rhodophyta




Table 1. __'Representative marine animals and plants evaluated for sensitivity to ballast-water
effluent -- cont.

'sublethal tests) of the National Pollution Discharge Elimination System (NPDES) Permit for ballast-water

@ The taxonomic categories identified in this column are recommended (EPA, 1986; Appendix A of
report) for evaluation during derivation of numerical national water quality criteria for discharged
substances.

b Eight different families of animals distributed over eight different taxonomic categories are
recommended (EPA, 1986; Appendix A of report) for evaluation of acute sensitivity of marine animals to
discharged substances. In the case of ballast-water effluent, more than one family in a single category
was sometimes evaluated,

C Acute and chronic sensitivity of five families (species) of marine animals (sheepshead minnow,
inland silverside, pink satmon, mysid shrimp, and purple sea urchin) was evaluated, thus permitting the
development of application factors (AFs) and acute:chronic ratios (ACRs} for these animals.

d Pink salmon and coonstrip shrimp were evaluated as a condition (Part I. B. 9.e-f; acute survival

tests) of the National Pollution Discharge Elimination System (NPDES) Permit for ballast-water effluent
(EPA, 1989). .

€ Three different families of animals distributed over three different taxonomic categories are
recommended (EPA, 1986; Appendix A of report) for evaluation of chronic sensitivity of marine animals to

discharged substances. In the case of ballast-water effluent, two or three families in each category were
evaluated.

.t Bay mussels, sand doliars, and purple sea urchins were evaluated as a condition (Part I. B.8. a-d

effluent (EPA, 1989). .
9 One or two different phyla of plants are recommended (EPA, 1986; Appendix A of report) for

evaluation of sensitivity of marine plants to discharged substances. Evaluation of the second phylum is
recommended only if plants are among the aquatic organisms most sensitive to a discharged substance.



3. BRESULT

Toxicity of ballast-water effluent and derivation of water quality criteria for
effluent are addressed separately in this part of the report.

3.1 Toxicity of Ballast-Water Effluent

Toxicity of this salt-water effluent to representative marine animals and
representative marine plants was evaluated.

3.1.1 Toxicity to Representative Marine Animals

Acute and chronic toxicity of effluent to animals was assessed.

(a) Acute Toxicity

Effluent was relatively non-toxic 1o the 11 representative species of marine
animals that were evaluated under acute exposure pericds (Table 2). In the case
of 4 species -- the amphipod Rheopoxynius abronius, polychaete worms, blue
mussels, and sheepshead minnows -- 96-hr LC50s were greater than 100%
effluent. Juvenile/adult coonstripe shrimp were also characterized by 98-hr
LC50s greater than 100% effluent. Two additional species -~ inland silversides
and pink salmon -- generally exhibited 96-hr LC50s that exceeded 100% effluent
{or, in the case of inland silversides, values épproximating 100% effluent). The
98-hr LC50 of 71.0% effluent for rainbow trout was generated by fish that had
been acciimated to freshwater. The species most acutely sensitive to effluent --
mysid shrimp -- was characterized by a mean (geometric mean) 96-hr LC50 of
> 51.4% effluent. '

Although larval coonstripe shrimp were characterized by a mean 96-hr [LC50
(65.2% effluent) that was lower than the mean value for juveniles/adults (>100%
effluent), that difference is basically less than a 2-fold difference and, therefore, is
considered to be inconsequential (EPA, 1986). Similarly, no species that was
repetitively evaluated for acute sensitivity to effluent was characterized by 98-hr
LC50Qs that differed by more than a factor of 10 (EPA, 1988).
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Table 2. __ Acute toxicity of ballast-water effluent to representative marine animals@P

Acute toxicity of
ballast-water effluent (% effluent)c. d

96-hr median 95% | Date of
Representative lethal concentration confidence interval acute
marine animat (98-hr LCB0) of 86-hr LC50 toxicity test Reference
Mysid shrimp =100.0 -- Sept. 26-30, 1889 Continental Shelf
Mysi i Associates, 1930
bahig)-- juveniles
42.7 349-512 March 1-5, 1980 Battelle, 19904
58.2 49.5 - 63.9 May 22-286, 1920 Battelle, 1990b
>100.0 - July 18-22, 1980 ENSR, 1980j
&81.0 -- July 18-23, 1980 Batteile, 1980¢
43.5 36.0-528 Qct. 19-23, 1950 Batte[le,_ 18980d
36.86 29.8 - 45.0 April 22-26, 1981 Battelle, 1291b
45.8 36.3-57.9 May 13-17, 1991 Battelle, 1891c
21.8 16.2-29.2 Sept. 26-30, 1991 Battelle, 1991d
41.6 31.2-554 Bec. 9-13, 1891 Battelle, 1992
Geometric
mean: »>51.4 -- -- -
Coonstripe shrimp -- -- -- --
(Pandalus hypsinetus)
» Larvae 56.1 50,7 -62.2 April 22-286, 19381 Battelle, 1991h
75.8 61.9-929 May 13-17, 1991 Battelle, 1891¢
Geometric
mean (larvae); 65.2 -~ -- --
» Juveniles/adults >100.0¢ - May 22-26, 1990 ENSR, 1990a
>100.0f -- June ¢-13, 1990 ENSR, 19909
Geometric
mean
(juveniles/adults): >100.0 -- - --
Geometric
mean (species): »80.7 -- -- --
)(ﬂkmphipod »>100.0 -- Dec. 10-14, 1990 Batielle, 19912
Rheagpoxynius
abronius) -- adults
Geometric
mean: >100.0 -- -- --




Table 2. __ Acute toxicity of ballast-water effiuent -- cont.

Acute toxicity of

ballast-water effluent (% effluent)c, d

96-hr median 95% Date of
Representative lethal concentration confidence interval acute
marine animal (96-hr LCE0) of 86-hr LC50 toxicity test Reference
Amphipod &65.2 £35-79.8 Dec. 10-14, 1990 Battelle, 1981a
(Corophium
spipnicorne) — adults
Geometric
imean: 65.2 -- -- -
Polychaete worm >100.0 -- Dec. 10-14, 1920 Battelle, 1991a
{Neanthes
arenggeodentata)
-- juveniles
Geometric
mean; »>100.0 - -- -~
Blue mussel >100.0 -- Sept. 26-30, 1989 Continental Shelf
(Mytitug . Agsociates, 1990
edulis) -- juveniles
Geometric
mean: »100.0 -- -- --
Purple sea urchin >100.08,h -- May 22-25, 1890 Battelle, 1990b
(Strongylocentrotus )
purpuratys) 27.44, i 255-29.5 July 19-22, 1980 Battelle, 1980c
-- embryos/larvae
Geometric
mean: »52.3 -~ -- --
Sheepshead minnow >100.0 -- Sept. 26-30, 1989 Continenta!l Shelf
(Cyprinodon Associates, 1990
variegatus) — juveniles o
»100.0! -- Dec. 10-14, 1820 Battelle, 1991a
Geometric
mean: >100.0 -- -- --
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Table 2. __ Acute toxicity of ballast-water eff

luent -- cont.

Acute toxicity of
ballast-water effluent (% effluent)c, d

86-hr median 95% Date of
Representative lethal concentration  condidence interval acute
marine animal (96-hr LCE0) of 96-hr LC50 toxicity test Reference

9. Inland silverside >98.0 -- March 6-10, 1980 Battelle, 1990z
(Menidia (Trial 2)
beryllina)

- larvae/juveniles »97.9 -- May 22-26, 1980 Battelle, 1820b
(Trial D)

>100.0 - July 18-22, 1980 ENSR, 1980k
>96.2 - July 19-23, 1980 Battelle, 1990c
=100.0 -- Qct. 19-23, 1990 Battelle, 1990d
28.8 20.8 - 40.0 Dec. 10-14, 1990 Battelle, 19912
»>97.3 - April 22-26, 1891 Batielle, 1991b
65.7 47.5-90.8 May 13-17, 1891 Battelle, 1991¢c
>87.9 -- Sept. 23-27, 1991 Battelte, 1881d

»98.5 -- Dec. 2-13, 1831 Battelle, 1982

Geometric
mean: =83.5 -- -- --

10. Rainbow trout 71.0 50.0 - 100.0 Sept. 28-0ct. 3, 1989 Continental Shelf
(Ongorhynghus Associates, 1890
mykiss)

-- juvenilesk
Geometric
mean: 71.0 -- - --
" 11.  Pink salmon >100.0m -- May 22-26, 1980 ENSR, 1990c
(Qncorhynchus
gorbuscha)! - fry/smolts >100.0N -- June 2-8, 1990 ENSR, 1990e
79.5 51.0 - »100.0 April 22-26, 1991 Battelle, 1991b
>100.0 -- May 13-17, 1991 Batielle, 1991¢
Geometric
mean: =84 .4 -- - -

P

a&  Marine animals evaluated for acute sensitivi

taxonomic categories that are recommended

derivation of numerical national water quality cri
and pink salmon fry were evaluated as a con

Pollution Discharge Elimination System (NPDES

ty to ballast-water effluent are representative of the eight

(EPA, 1986; Appendix A of report) for evaluation during

teria for discharged substances. Coonstripe shrimp larvae

dition (Part I.B.9.e-f; acute survival tests) of the National

) Permit for effluent (EPA, 1989).
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Table 2. __ Acute toxicity of ballast-water effluent -- cont.

b Acute toxicity of ballast-water effluent to representative marine animals was usually determined in 96-
hr static-renewal toxicity tests. However, in the case of purple sea urchins, static, non-renewal techniques, in
which organisms were exposed to effluent for 72 hr, were employed. Results of a sea urchin test conducted
with effluent in March 1990 (Battelle, 1230a) are not presented in this table because of unacceptably low
survival of contirol organisms.

©  Acute values are always expressed in terms of % effluent as contrasted to % effluent and % brine
employed to adjust salinity of effluent to 30 ppt, a convention employed to describe toxicity in some Battelle
reports (Battelle; 1990a, 1990b, 1991b [inland silversides]).

d  The 96-hr median lethal concentration (98-hr LGB0} is the theoretical concentration of baliast-water
effluent that killed 50% of test animals exposed to effluent for 96 hr.

€ An identical 96-hr LC50 (i.e., >100.0% ballast-water effluent) was generated in a parzalle! dynamic
(flow-through) toxicity test conducted during May 22-26, 1990, with effluent and coonstripe shrimp
juveniles/adults (ENSR, 1990b).

o f An identical 96-hr LC50 (i.e., >100.0% ballast-water effluent) was generated in a parallel.dynamic
(flow-through) toxicity test conducted during June 9-13, 1990, with effluent and coonstripe shrimp
juveniles/aduits (ENSR, 1990h).

9 This LC50 for ballast-water effluent and purple sea urchins is a 72-hr value.

N A 72-hr median effective concentration (72-hr EC50) also was derived for ballast-water effluent and
purple sea urchins (Battelle, 1890b). That value, which reflected the presence of abnormal pluteus larvae as
well as dead larvae, was 34.2% effluent (95% confidence interval: 30.7 - 38.2% effluent).

I A 72-hr median effective concentration (72-hr ECEQ) also was derived for ballast-water effluent and
purple sea urchins (Battelle, 1990¢). That value, which reflected the presence of abnormal pluteus larvae as
well as dead larvae, was 26.8% effluent (95% conifidence interval: 25.0 - 28.7% effluent).

i A98-hr EC50 also was derived for ballast-water effluent and sheepshead minnows (Battelle, 1991a).
That value, which reflected the presence of moribund fish as well as dead fish, was 100.0% effluent.

K Rainbow trout evaluated for toxicity were acclimated to freshwater.

[ Pink salmon evaluated for toxicity were acclimated to saltwater.

M An identical 96-hr LC50 (i.e., >100.0% ballast-water effluent) was generated in a paraliel dynamic
| (flow-through) toxicity test conducted during May 22-28, 1990, with effluent and pink salmon (ENSR, 1280d).

N An identical 96-hr L.C50 (i.e., >100.0% ballast-water effluent) was generated in a parallel dynamic
(flow-through) toxicity test conducted during June 2-8, 1990, with effluent and pink salmon (ENSR, 1990f).

-{2-



Coonstripe shrimp (juveniles/adults) and pink salmon were sometimes
evaluated for acute sensitivity to effluent in both static-renewal and dynamic
(flow-through) toxicity tests. No difference in toxicity was associated with use of
the two testing techniques (96-hr LC50s were always >100% effluent).

|
(b) Chronic Toxicity

Mysid shrimp exposed to effluent were characterized by a mean {geometric
mean) Maximum Acceptable Toxicant Concentration (MATC) of 26.4% effluent
(Table 3). Higher ("less toxic") mean MATCs were generated by bay mussels
(29.3% effluent), pink salmon (35.4% effluenf), and sheepshead minnows
(>50.0% efiluent); whereas lower MATCs were associated with sand dollars
(<21.9% effluent), purple sea urchins (<18.3% effluent), and inland silversides
(<15.6% effluent). |

Inland silversides were determined to be the species most chronically
sensitive to effluent partly because of two extremely low MATC values (<6.1 and
<6.2% effluent) generated early in the testing program (winter and fall of 1990).
These low values did not reoccur in later testing (winters of 1990 and 1991).
Sand dollars also generated a low and seemingly aberrant MATC value of
<6.2% effluent (in the spring of 1990). Tests with sand dollars and purple sea
urchins, in which success of fertilization of eggs by sperm was evaluated, were
often of\unacceptable quality (Table 3; Footnote b). This poor quality was related
to fertilization success of control eggs and sperm, which frequently was outside of
the recommended (EPA, 1988) limits of 70.to 90%.

3.1.2 Toxicity to Representative Marine Plants

(Chronic Toxicity)

Effluent was relatively non-toxic to the two representative species of marine
plants that were evaluated for chronic sensitivity to effluent (Table 4). In both
cases, the chronic value (96-hr EC50 or MATC) was greater than 50.0% effluent,
which was the highest concentration of effluent tested.
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Table 3. __ Chronic toxicity of ballast-water effluent to representative marine animalsa.P

Chronic toxicity of ballast-water effluent

Repressntative Chronic value (MATC) Biological endpoint(s) Date of
maring animal - - % effluentc.d measured toxicity test Reference
1. Mysid shrimp 35.4 Survival and growth Sept. 26-Oct. 3, 1982  Continental Shelf
(Mysidopsis of juveniles - Agsociates, 1990
bahia) (7 days old)
34.3 Survival, growth, March 1-8, 1980 Battslle, 1980a
and reprecduction
of juveniles
(7 days old) -
glass festing
containers
34.5 Survival, growth, March 1-8, 1980 Battelle, 1980a
and reproduction
of juveniles
e (7 days old) --
plastic testing
containers
17.4 Survival and growth May 22-29, 1990 _ Battelle,199Cb
T N B -
(7 days old)
- 17.6 Survival and growth Cct. 19-26, 1990 Battelle, 1890d
of juveniles
(7 days old)
Geometric
mean: 26.4 - - --
2. Bay mussel 34.5 Development of July, 1980 Battelle, 1990¢
(Mytilus spp.) larvae to normal ,
"D-shaped” forms
24.8 Development of Sept. 23-25, 1991 Battelle, 1981d
..... . larvae to normal .
"D-shaped” forms
- Geometric
mean: 20.3 -- -- --
|
!
3. Purple sea urchin 12.08 Fertilization success March 3 and 8, 1990 Battelle, 1990a
(Strongylocentrotus {glass containers)
ourpuratus)
" <20.1¢ Fertilization success May 26 and 31, 1990  Batelle, 1990b
25.3 Fertilization success May 14, 1991 Battelle, 1991¢
Gecmetric
mean; <18.3 -- -- --
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Table 3. ___ Chronic toxicity of ballast-water effluent - cont.

Chronic toxicity of ballast-water effluent

Representative Chronic value (MATC) Biological endpoint(s) Bate of
marine animal - - % effluentc,d measured toxicity test Reference
4. Sanddoilar <B6.2 Fertilization success June 4, 1880 Battelle, 1980b
Dendr r
excentricus) 67.9 Fertilization success July 25, 1890 . Battelle, 1980¢
24.8 Fertilization success Sept. 23, 1991 Battelle, 1991d
Geometric
mean: <21.9 -- “- --
5. Sheepshead minnow »50.0 Survival and growth Sept. 26-0Oct.3, 1888  Continental Shelf
rin of larvae (<24 hr old) Associates, 1990
variegatus)
Geometric
mean: >50.0 -- -- --
6. Inland silverside <B.1 Survival and growth March 1-8, 1820 Battelle, 19902
(Menidia (8.7 based on of larvag (10 days (Trial 2)
berylling) " comparison to post hatch)
brine control)
<6.2 Survival and growth Oct. 19-26, 1990 Battelle, 1990d
of larvae {11 days
post hatch)
25.3 Survival and growth Dec. 10-17, 1990 Battelle, 1991a
of larvae (11 days
post hateh)
62.3 Survivai and growth Dec. 9-16, 1991 Battelle, 1992
of larvae (11 days '
post hatch)
Geometric
mean: <15.6 -- -- --
7. Pink salmon 35.4f Survival and growth May 22-June 12, 1990 ENSR, 1990i
(Oncorhvnchus of smolts (203 days
gorbuscha) post hatch)
Geometric
35.4 -- -- --

- Mmean:

a4 Marine animals evaluated for chronic sensitivity to ballast-water effluent are representative of the three
taxonomic categories that are recommended (EPA, 1986; Appendix A of report) for evaluation during derivation
of numerical national water quality criteria for discharged substances. Bay mussels, purple sea urchins, and
sand dollars were evaluated as a condition (Part 1.B.9.a-d; sublethal tests) of the National Pollution Discharge
Elimination System (NPDES) Permit for effluent (EPA, 1989).
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Table 3. __ Chronic toxicity of ballast-water effluent -~ cont.

b Chronic toxicity of ballast-water effluent to representative marine animals was usually determined in 7-day
static-renewal partial-life-cycle (mysid shrimp) or early-life-stage (sheepshead minnows and inland silversides)
toxicity tests. However, in the case of purple sea urchins and sand dollars, static, non-renewal techniques (in
which gametes were exposed to effluent for up to 1.3 hr) were employed. Static, non-renewal techniques were
also utilized for bay mussel larvae (which were exposed to effluent for 48 hr). The pink salmon test was a partial-
life-cycle test (28 days in duration) conducted under dynamic (flow-through) conditions. Results of some tests
conducted with effluent and mysid shrimp (Battelle, 1990c), purple sea urchins (Battelle; 1990a, 1990b, 1990,
1891b, 1991¢, 1992}, sand dollars (Battelle; 1990b, 1980¢, 1990d, 1991d), sheepshead minnows (Battelle,
1991a), and inland silversides {ENSR, 1990I; Battelle, 1890b} are not presented in this table because of
unacceptably low survival (mysid shrimp, sheepshead minnows, and inland silversides evaluated by Battelle},
low weight (inland silversides evaluated by ENSR), or poor fertilization success {purple sea urchins and sand
dollars) of control organisms. Results of another test with inland silversides (Battelle, 1980c¢) are not presented in
this table because of extreme temperature fluctuations during the test.

€ The chronic value {or Maximum Acceptable Toxicant Concentration, MATC) for ballast-water effluent is the
geometric mean of the lower chronic limit {or No-Observed-Effect Concentration, NOEC) and upper chronic limit
(or Lowest-Observed-Effect Concentration, LOEC) for effluent. The NOEC is the highest tested concentration of
effluent that did not cause a statistically significant (P = 0.05) deleterious effect in animals exposed to effluent as
compared to animals exposed to contrel medium. The LOEC is the lowest tested concentration of effluent that
caused such a statistically significant effect. :

d  Chronic values are always expressed in terms of % effluent as contrasted to % effluent and % brine
employed to adjust salinity of effluent to 30 ppt, a convention employed to describe toxicity in some Battelle
reports (Battelle; 1990a [inland silversides], 1890d [mysid shrimp]).

€ This chronic value for ballast-water effluent and purple sea urchins is the geometric mean of chronic
values derived in two tests performed during the indicated testing period.

T This chronic value for ballast-water effluent and pink salmon (35.4% effluent) reflects corrections to
originally reported data (ENSR, 1990i). The corrections pertain to NOEL (6.25 to 25% effluent), LOEC (12.5 to
50% effluent}, and chronic value (8.8 to 35.4% effluent).
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Table 4. ___ Chronic toxicity of ballast-water effluent to representative marine plantsa.b

Chronic toxicity of ballast-water effluent (% effluent)

96-hr median effective Maximurn Acceptable
Representative concentration Toxicant Concentration Date of
marine plant (96-hr EC50)C (MATG)d toxicity test Reference
1. Diatom >50.0 wa Nov. 27-Dec. 1, 1891 TH.E.
(Thalassiosira {cell production) Laboratories, 1891
pseudonana)
2. Redalga -- >50.0 Nov. 27-Dec. 6, 1921 T.H.E.
(Champia {cystocarp Laboratories, 1991
parvula} production)

Final Plant Value {FPV) = »50.0% effluent

. @ Maring plants evaluated for chronic sensitivity to ballast-water_effluent are representative of the two
taxonomic categories (phyla) that are recommended (EPA, 1986; Appendix A of report) for evaluation during
derivation of numerical national water quality criteria for discharged substances.

b Chronic toxicity of ballast-water effluent to diatoms was determined in a static, non-renewal toxicity test.
Chronic toxicity of effluent to red alga was eviuated by exposing algae to static test media for 2 days, followed by
static exposure to contro! {recovery) media for 7 days. Resulis of a number of tests conducted with effiuent and
red algae (Battelle; 1990b, 1890c, 1990d, 1991a, 1992) are not presented in this table because of unacceptably
low cystocarp production by control organisms. '

C The 96-hr median effective concentration (96-hr EC50) is the theoretical concentration of ballast-water
effluent that caused a 50% reduction (from control values) in number of plant cells. The $6-hr EC50 is considered
to be a measurement of chronic toxicity in single-celled organisms, which have a realitively short life span (EPA,
1986}.

d  The Maximum Acceptable Toxicant Concentration (MATC) for ballast-water effluent is the geometric mean
of the lower chronic limit {or No-Observed-Effect Concentration, NOEC) and upper chronic limit {or Lowest-
Observed-Effect Concentration, LOEC) for effluent. The NOEC is the highest tested concentration of effluent that
did not cause a statistically significant (P = 0.05) deleterious effect in plants exposed 1o effluent as compared to
plants exposed to control medium. The LOEC is the lowest tested concentration of effluent that caused such a
statistically significant effect.
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3.2 Derivation of Water Quality Criteria for

Ballast-Waler Effluent

A Criteria Maximum Concentration (CMC) and Criteria Continuous
Concentration (CCC) were derived for effluent.

3.2.1 Criteria Maximum Concentration

The Final Acute Value (FAV) derived for effluent is 41.42% effiuent (Table 5).
The appropriateness of this FAV is supported by several factors (EPA, 1986).
First, Species Mean Acute Values (SMAVs) for commercially or recreationally
important species -- in particular, coonstripe shrimp (>80.7% effluent) and pink
salmon (>94.4% effluent) -- are greater than the FAV (41.42% effluent). Second,
the range of SMAVs for the genus QOncorhynchus (the only genus for which more
than one species was evaluated) is less than & factor of 10 (the range
approximates a factor of 1.3). Third, the range of Genus Mean Acute Values
(GMAVSs) for the four most sensitive genera is less than a factor of 10 (the range
approximates a factor of 1.6). Finally, the FAV is "reasonable” in comparison o
all SMAVs and GMAVs.

Since the FAV for effluent is 41.42% effluent, the CMC for effluent is 21%
effluent (CMC = 0.5 FAV),

3.2.2 Criteria Continuous Concentration
(Application_Factor Approach)

The Final Application Factor (FAF) deve!éped for effluent is 0.39 (Table 6).
The FAF was developed as the grand mean (geometric mean) of all five Species
Mean Application Factors (SMAFs) because these SMAFs differ by less than a
factor of 10 (the maximum difference approximates a factor of 2.7) and no major
trend is apparent between SMAFs and associated mean acute values (EPA,
1986). Since the FAF for effluent is 0.39, the Final Acute:Chronic Ratio (FACR)
for effluent is 2.56 (FACR = 1/FAF).

The Final Chronic Value (FCV) for effluent is 16% efiluent (FCV = FAV/FACR
= 41.42% effluent/2.56 = 16% effluent), which is slightly less than the CMC for
effluent (21% effluent). The reascnableness of this FCV is further evidenced by a
number of factors (EPA, 19886). First, chronic values (MATCs) are available for
acutely sensitive species -- i.e., mysid shrimp and purpie sea urchins. Second,
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Table 6. ___ Application factors (AFs) and acute:chronic ratios (ACRs) for ballast-water effluent and
representative marine animals

Corresponding acute
and chronic values (% effiuent)®

Date of
corresponding
Representative Acute value  Chronicvalue  Application  Acute:chronic toxicity
marine animal (96-hr LC50)P | (MATC)® factor (AF)®  rafic (ACR)® testsd Reference
1. Mysid shrimp >100.0 35.4 <0.35 >2.86 Sept. 26- Cantinantal
Mysi i Oct. 3, 1289 Shelf
bahia) Associates,
1990
42.7 34.3 0.80 1.25 March 1-8, Batielle, 12902
1920
56.2 17.4 0.31 3.23 May 22-29, Battelle, 1890b
1220
43.5 17.6 0.40 2.50 QOct. 19-286, Battelle, 1890d
1980
Geometric :
mean: »>56.8 24.7 <0.43 »2.33 -- -

2. Purple sea urchin 34.2f <20.1 <0.59 >1.69 May 22-31, Battelle, 1990b
(Strongylogentrotus 1990
Rurpuratus)

Ceometric
mean: 34.2 <20.1 <0.59 »>1.68 . == --

3. Sheepshead minnow >100.0 >50.0 0.50 2.00 Sept. 26- Cantinental
(Cyprinodon Oct. 3,1989  Shelf
varieqatus) Associates,

1990
Geometric :
mean: >100.0 =50.0 0.50 2.00 -- -

4. Inland silverside »>98.0 <B.1 <0.06 >16.67 March 1-10, Battelle, 19904
(Menidia 1990
berylina)

>100.0 <B.2 <0.06 >16.67 Oct. 19-26, Battelle, 1890d
1990
28.8 25.3 0.88 1.14 Dec¢. 10-17, Battelle, 18912
1980
>98.5 62.3 <0.83 »1.59 Bec. 9-16, Battelle, 1982
1291
Geometric
mean: »72.8 <15.8 <0.21 =4.76 -- -
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Table 8. __ Application factors (AFs) and acute:chronic ratios (ACRs) for ballast-water effluent - cont.

Corresponding acute
and chronic values (% effluent)@

Date of
corresponding
Representative Acute value Chronicvalue  Application  Acute:chronic toxicity
marine animal (96-hr LCSO)®  (MATC)C factor (AF)d ratio (ACR)® tests? Reference
5. Pink salmen >100.0 35.4 <0.35 >2.86 May 22- ENSR; 1880c,
(Qneorhynghus June 19, 1%90e, 1990i
gorbuscha) 1990
Geometric ,
mean: >100.0 354 <0.35 >2.86 -- --

Final Application Factor (FAF): 0.399
Final Acute:Chronic Ratio (FACR): 2.560

& Corresponding (paired) acute and chronic values were derived during the same general study (i.e., a study
conducted by the same aquatic toxicology laboratory on the same approximate date with the same dilution
water).

b Acute values (96-hr LC50s) are abstracted from Table 2.

¢ Chronic values (MATCs) are abstracted from Table 3.

d The application factor (AF} is the quotient of the chronic value divided by the acute value.
€ The acute:chronic ratio (ACR) is the inverse of the application factor.

' This acute value (34.2% effluent) is a 72-hr EC50.

9 The Final Application Factor (FAF) is estimated {EPA, 1986) as the absolute value of the geometric mean
of the five Species Mean Application Factors (SMAFs).

R The Final Acute:Chronic Ratio (FACR) is the inverse of the Final Application Factor (FAF).
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the chronic value for a commercially and recreationally important species -- pink
salmon (35.4% effluent) -- is greater than the Final Chronic Value (16% effluent) .
Last, the Final Chronic Value (FCV) is compatible with ail acute and chronic
toxicological data presented in this report.

in the case of blalllast-water effluent, the Criteria Continuous Concentration
(CCC) is equivalent to the FCV (16% effluent). This is because the FCV is less
than the Final Plant Value (>50.0% effluent; Table 4) and a Final Residue Value
is not applicable to effluent. Consequently, the CCC for effluent is 16% effluent.
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4. DISCUSSION

The Criteria Maximum Concentration (CMC) and Criteria Continuous
Concentration (CCC) for any discharged substance consist of three componenis: 1) a
"magnitude” element; 2) a "duration" element; and 3) a “frequency” element (EPA,
1991). In the case of ballast-water effluent, the previously discussed values of 21%
effluent (for CMC) and 16% effluent (for CCC) pertain to the magnitude
(concentrations) of effluent that are protective of approximately 95% of resident aquatic
species represented by the animals employed in the toxicologica! testing program
(EPA, 1986). These concentrations are compared to environmental levels of effluent
averaged over 1 hr (for CMC) and 4 days (for CCC), which represent the durational
aspect of the water quality criteria. For both the CMC and CCC, environmental levels
of effluent cannot exceed .protective concentrations of effluent.more than on an
average of once every 3 years, which is the frequency element of the water quality
criteria.

In the case of states that allow mixing zones (such as Alaska), CMCs and CCCs
must be achieved at the boundaries of the zones (EPA, 1991). For ballast-water
effluent, dilution factors of 4.8 (CMC) and 6.2 (CCC) are required to disperse effluent
within the mixing zone (MZ) to environmentally protective levels (100% effluent/4.8 =
CMC of 21% effluent; 100% effluent/6.2 = CCC of 16% effluent). Additional
environmental safeguards must prevail in the MZ proper. The EPA (1991} has
recommended that a MZ: 1) not impair the "overall" biologica! integrity of the water
body; 2) not endanger critical resource areas, including fish-harvesting areas; 3) not
restrict passage of free-swimming organisms (e.g., fishes) into tributaries; 4) provide
for a continuous corridor of passage that meets water quality criteria for free-swimming
organisms and drifting organisms (e.g., plankton); and 5) prevent lethality to organisms
"passing through" the MZ. (Prevention of deleterious impacts to benthos in the MZ is
~ not a criterion for establishment of a MZ.) The EPA (1991) has concluded that lethality
to organisms passing through the MZ can be prevented if the CMC is achieved within
a "very short" distance of the effluent outfali (which is characteristic of high-velocity
discharge structures) or, more quantitatively, if drifting organisms are not exposed to 1-
hr mean concentrations of effluent exceeding the CMC. 1t is beyond the scope of this
repori to definitively address the environmental fate of discharged effluent. However, it

-25-



appears that hydrodynamic conditions within the MZ for ballast-water effluent conform
with EPA guidelines for preventing lethality of organisms driting through the zone.
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5. CONCLUSIONS

The acute and chronic toxicological data presented in this report, interpreted in the
context of rigorous EPA-recommended protocols for the derivation of water quality
criteria for discharged substances, indicate that effluent discharged from Alyeska's
Ballast Water Treatment Facility does not represent an aquatic hazard to resident
matine organisms if an approximately 6-fold dilution of effluent by receiving water is
achieved at the boundaries of the mixing zone (MZ) for effiuent. In addition, the
appropriate Final Application Factor (FAF) for effluent is 0.39 (Final Acute:Chronic
Ratio = 2.56), which differs substantially from the 0.01 AF identified in the State of
Alaska's present water quality standards (State of Alaska, undated). This FAF of 0.39
- cannot be considered unusually high considering that AFs developed for oil-refinery
effluents and mysid shrimp have ranged from 0.54 to 0.67 (EPA, 1891).
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PPENDIX A

-PROTOCOLS FOR DERIVATION OF NUMERICAL NATIONAL WATER
QUALITY CRITERIA FOR DISCHARGED SUBSTANCES
{UNITED STATES ENVIRONMENTAL PROTECTION AGENCY)

Derivation of numerical national water quality criteria for
the protection of aquatic organisms and their uses is a complex
process that uses information from many areas of aguatic
toxicology. After a decision is made that a national critericn
is needed for a particular material, all available irformation
ccncer;ing.tcxicity tc, and bioaccumulation by, aquatic organisms
is collected, réviewed for acﬁaptability,-and soerted. If encugh
accépﬁable data on acute toxicity to a@uatic.animals are
available, they are used to estimate the highest l-hour averége
concentration that should not resﬁlt in unacceptable effects on
aguatic organisms and their uses. .;f Justified, this
cencentration is made a function of a water quality
characteristic such as pH, salinity, or hardness; Similarly,
‘data on the chronicltcxicity“of thé material to aquatic animals
are used to estimate the ﬁighest 4~day average coencentration
' that should net cause unacceptable toxicity during a long-term
exposure. If apprcpriate, this concentraticn is alsc related to
a water quality characteristie.

Data on tcxiclty tc aqnatic plants are axamlned to determine
whether plaﬁéé are likely to be unacceptably affected by
concentratlons that should not cause unacceptakle effects on
animals. Data on bicadcumulaticn by aguatic créanisms are used
to determine 1: resmdues might subject edible species to
restrictions by the U.S. Food and Drug Admzn;stratlon or if such
residues might harm some wildlife consumers of aguatic life. All

other available data are exanmined for adverse effects that might
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be biologically impeortant.

If a thorough review of the pertinent information indicates
that enocugh acceptablé data are available; numerical national
water quality criteria are derived-for fresh water or saltwater
or both to protect aguatic organisms and their uses fron
unacceptablé,effacts_due tn.exposufes to high conecentrations for
short pericds of time, lower concentrations for longer_ﬁefidds of

tlme, and ccmblnat;ons of the twc.

I. cdllecfiqh ég'Déta _ _
A. 'chiéét ail aﬁailablé data on the materiai
| concernlng {a) tOxiCltY to, and bloaccumulatlcn'
by, aquatlc anizmals and plants, (b) FDA actlon
levels [12], and (c) chronic teeding studles and
lcng-term field studies with wildlife spec;es that
reqularly consume aquatlc crganlsms.

IB;‘ All data that are. used should be avazlable in
typed dated, and szgned hard ccpy'(publlcatlon,
manuscript, 1etter, memc:randum, ete.) with enough.
supporting infdrmaticn to indicate that acceptable
test procedures were used aﬁd that the results are
pfcbably feliable. 'In éome cases 1t may he
approprlate to obta;n addztlcnal written
'informatlcn from the lnvastigatcr, if possible,
Information that is confldentlal or pr;v;leged or
otherwzse net available feor dlstrlbutlcn should-
not be used.

c. Questionakle data, whether pubiished or’



unpublished, should not be used. For example, data
should usually be rejected if they are frcm tests
that did not centain a control treatment, tests in
which too many organisms in the contrbl treatnent
died or showed signs of stress_or disease, and
tests in which distilled or deionized water was
used as the dilution water without addltlon of
approprlate salts.

Data on technical grade nmaterials may be used if

appropriate, but data on formulated mixtures and

emulsifiable concentrates of the matefial of

concern should not be used.

- For some highly volatile, hydrolyzable, or

degradable materials it is probably appropriate to

‘use only results of flow-through tests in which

the concentrations of test material in the test

solutions were measured often encugh using

acceptable analytical methods.

Data should be rejected if they were obtained
using: | |
1. Brine shrimp, because they usually occur
naturally only in water with salinity greater
than 35 g/kg;
Species.that do not have reproducing wild
- populations in North America (See Appendix 1).
Organisms thatl were previously exposed to
suéstantial concentrations of the test

material or other contaminants.



G.

Questionakle data, data on formulated mixtures and

emulsifiable concentrates, and data obtained with

nonresident species oxr prev:.ously exposed

organisms may be used to provide auxiliary
information but should net be used in the

derivation of criteria.

IT. Required Data -

A.

Certain data should be available to help ensure
that each of the four majcr klnds of possible
adverse effects receives adequate consideration.
Results of acute and chronic toxicity tests with
representatlve species of aquatic an;mals are
necessary 50 that data available for tested
species can be cbnside:ed a useful indi;ation.of
the sensitivities of appropriate untested species.
Fewer data-ccncerning'tcxicity to .aquatic plants
are required because prcde&ures for ddﬁducting
tests with plants-and-inﬁerpreting the results of
such ﬁests are not as well developed. Data

concerning bicaccumulation by aquatic organisms

-are required only if relevant data are available

concerning the significance of residues in aquatic
organisms.

To derive a criterion for freéhwéter aguatic
organisms and their uses, the following should be
available:

1. Results of acceptable acute tests (SEe Section



IV) with at least one species of fréshwater

animal in at least eight different families

such that all of the following are included:

a.

the family Salmonidae in the class
Osteichthyes
a second family in the class

OBteichth_yes, preferably a commercially or

' recreationally important wa-rmwé.t_er species

" (e.g., bluegill, channel catfish, etc.)

a third family in the phylum .Chc:-rda'ta (nay
be in the class Osteichthyes or may be an
amphibian, etc.)

& planktonic crustacean (e.g., cladoceran,
copepod, ete.)

a _banthi; crustacean (e.gq., ostraced,
isoped, -amﬁhipod, crayfish, etc.)

an ilnsect (e.g., mayfly, -dragonfly,
damselfly, stonefly, caddisfly, mo-squi‘td,'
miage, etc.) | ‘ |

a family in a phylum other than Arthropoda
or c;mrdata (e.g., Rotifera, Annelida,
Mollusca, etc.)

a2 family in any order of insect or any

phylum not already represented.

Acute~-chronic ratios (see Section VI) with

s_pécies of aquatic animals in at least three

different families provided that of the three

species:



a, at least one is a fish

b. at least one is an invertebrate

e. at least one is an acutely sensitive

| freshwater species (the other two may be
saltwater specieé%

Results of at least one acceptable test with a

freshwater alga or vascﬁlar plaht (see Section

vIII). 1If piants are amcnglthe aguatic

organisms that are most sensitive to the

material, fesults'of a test with a plant in

another phylum (division) should alsoc be

. available.

At least one acceptable bioconcentration

factor determined with an appropriate
freshwater species, if a maximum permissible
tissue cqnceﬁtraﬁion is availablé {see Section

IX).

To derive a criterion for saltwater agquatic

orqanisﬁs and their uses, the following should be

available:

1.

Results of acceptable acute tests (see Section

IV) with at least one species of saltwater

~animal in at least eight different families

such that all of the following are included:

a. *two families in the phylum Chordata

b, a faﬁily in a phylum other than Arthropoda

oxr Chordata



¢. either the Mysidae or Penaeidae family
d. three other familijes not in the phylum
Chordata (may include Mysidae or
Penaeidae, whichever was not used above)
e. any cther family.

2. Acute-chronlc ratios (see sectlon VI) with
species of aquat;c animals in at least three
different families prov1ded that of the three
species:

- a. at least one is a fish
b. at least one is an invertebrate
¢. ‘at least one is an acutely sensitive
saltwater species fthe other one may be a
freshwater specieé){

3. Results of at least one acceptable test w1th a
saltwater alga or vascular plant (see Sectlon
VIII. If Plants are ameng the_aquatic
organisms most sensitive +o the material,
results of a test with a plant in ancther

‘phylum (division) should 2lso be available,

4. At least . one acceptable bloccncentratlon
factor determlned with an appropriate
saltwater species, if a maximum permissible

'tissue Qoncentration is available (see Section

IX). |

b. If alllthe required data are available, a numerical
crlterlon can’ usually be derived, except in special

cases. For example, derivation of a criterion



might not be possible if the available acute-
chrﬁnié fatios vary by nmore than a factor of 10
with no apparent pattexrn. Alsc, if a criterien is
to ke related to a water quality characteristié T
(see Sections V and VII), more data wil;‘be
necessary.

Similarly, if all required data are not available,
a numerical critg:iqn should not be derived except
in épécial casas. For example, even if not encugh
acute and chronic dla'_ta are available, it mi‘g-ht be
possible tﬁ_derive a criterion if the available
data clearly indicaﬁalthat the Final Residue Value
should be mﬁch lower than either the Finél Chronic
Vaiue or the Final Piﬁnt'Valﬁa.

Confidence in a criterion usually increases'asﬂihe
amﬁunf of available pertinent data increases.

Thus, additional datg are usually desirable.

ITI. Final Acute Value

A.

Apprepriate measures of the acute (shcrt-term)

taxicify of the material to a variety of -'sp'ecies of
aguatic animals are used to caLCﬁléte-thelFihal
Acute Vglue. Theﬁﬁinai AcuﬁéﬁValﬁe ié'éﬁ'estimate
of the concentration of the material corresponding
to a cumulative probability of 0.05 in the acute
tckicity values for the-genera with which
acceptable acute tests have been conducted on the

material. However, in some cases, if the Species
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Mean Acute Value o¢f a commercially or
recreationally important species is lower than the
calculated Final Acute Value, then that Species
Mean Acute Value replaces the calculated Final
Acute Value in oxder to provide protection for that

important species.

Acute toxicity tests should have been conducted

using acceptable procedures [13].

Except for tests with saltwater annelids and

- mysids, results of acute tests during which the

test organisms were fed should not be used, unless

~data indicate that the food dig not affect the

toxicity of the test méterial.

Results of acute tests conducted in unusual
dilution water, e.qg., dilution water in which total
organic carbon or particulate matter excesded 5.
ng/L, snculd net be used, unless a relationship is
developed between acute tcxzczty and crganlc carbon
or particulate matter or unless data_show thaﬁ
organic carbon, particulate matter, ete., do not
affect toxicity.

Acute values should be based on endpoints which
reflect the total Severe acute adverse impact of
the test material on +he organisms used in the
test; Therefore, only +he following kiﬁds of data
Oon acute toxicity to agquatic animals should be

usead:

A-2



mests with daphnids and cther cladocerans
should ke started with organisms less than 24
hours o©ld and tests with midges should bhe
stressed with second- or third-instar larvae.
The result should be the 48~hr EC50 based on
percaentage of arganisms immekilized plus
percentage of organisms killed. If such an
EC50 is not available from a test, the 48~hr
‘LC50 should be used in place-of the desired
43-nr ECS50. An ECS50 or LC50 of longer than
48 hours can be-usgd as long as the animals
were not fed and the control animals were
acceptable at the end of the test.

The result of a test with embryos and larvae
of barnﬁdles, bivalve molluscs (ciams,
ﬁussels;'oysters, aﬁd scalloﬁs), sea urchins.

lobsters, crabs, shrimp, and abalones should

ke the 96-hr EC50 based on the percentage of

organisms wi#h inconpletely developed shells
plué the percentage of organisms killed. If
such an EC50 is not available from a test, the
lower of the 96-~hr EC50 based on the
percentage of orgaﬁisms with incompletely
developed shells and the 96-hr LC50 should be
used in place o‘fl the desired 96--hr-}3c50. If
the duration of the test was Setweenl48 and 96
hours, *the EC50 or LCS0 at the end of the test

should he used.
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The acute values from tests with all other
freshwater and saltwater animal species and
older 1ife stages of barnacles, bivalve
molluscs, sea urchins, l&bstefs, crabs,
shrimps, and abalones shoula be the 96-~hr EC50
based on the percentage cf organisms
exhibiting loss of eguilibrium plus the
percentage ‘of organisms immobilized plus the
pgrdentage of organisms killed. If such 'an
EC50 1s not availaﬁle from a test, the 96=hr
LC50 should be used in place of the desired
96-hr EC50. ' |

. Tests with single-celled organisms are not

considered acufe'teSts, even if the duration
was 96 hours or less.

If fhe tests were conducted properiy, acuﬁe
values reported as "greater than" values and
those which are above the solubility of the
test material should be used, because
rejection of such acute values would
unnecessarily lower the Final Acute Value hy
eliminating acute "values for resistant

species.

If the acute toxicity of the material to agquatic

animals apparently has been shown to be rélated to

a water quallty characterlstlc such as hardness or

partlculate matter for freshwater an;mals or
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salinity or particulate matter for saltwater
animals, a Final Acute Equation éhould'be derived
based on that water gquality characteristic. Go to
Section V.

If the available data indicate that one or more
l1ife stages are at least a factor of 2 more
resistant than one or more ,othér 1ife stages of the
same species, the data fér the more resistant life
stages should not be used in tﬁe calculation of the

Spécigs-Mean Acute Value (SMAV) because a épecies

~can only be considered protected from acute

tcxicity if all life stages are protected.
The agreement of the data within and between
species should be considered. Acute values that

appear to be questicnable,in'coﬁparison with other

~acute and chronic data for the. same species and for

other species in the same genus probably should not
e used in calculation of a Spécies Mean Acute
Value. For example, if the acute values available
for a species or genus differ by more than a factoer
of 10, some or all of the values prokably should
nect be used in calculations. |

For each species for which at least one acute

‘value is available; the Species Mean Acute Value

should ke calculated as tl;é geometric mean of the

:results of all flow-through tests in which the

concentrations of test material were measured. For

a species for which no such result is available,



the Species Mean Acute Value should be calculated
a2s the geometric mean of all available acute
valués; i.e., results of flow-through tests in
which the concentrations were not measured and
fesu;ts of static and renewal tests based on
initial concentrations of test material (nominal

concentrations are acceptable for most test

materials if measured concentrations are not

NOTE:-

. NQTE:

available).

Data reported by original investigators should not
be rounded off. Results-of all intefﬁediate
calculatlons should be rounded f14] to four

significant diglts.

The geometric mean of N numberslié the ¥*B root of
the product of the N numbers. Alternatively, the
geometric mean can be ca;culatgd by &dding the
lqgérithms of the N numbe#s, dividing'the sum by
N, and taking the antilog of the quotient. The
geometrlc mean of two numbers is the square root
of the product of the two numbers, and the
geometric mean of one number is that number.
Emther natural (kase 0) Or common (base 10)
1ogar1thms can be used to calculate geometric
means as long as they are used conSLStently within

each set of data, i.e., the antilog used must

match the logarithm used.



NOTE:

Geometric means, rather than arithmetic means, are
used here because the distributions of
sensitivities of individual organisms in toxicity
testﬁ en most -materials and the distributicns_of

sensitivities of species within a genus are more

likely to bE'loghcrmal than normal. similatly,

geometric means are used for acute-chfonic ratios
and biocconcentration factors because quotients are
likely to be closer to lognormal than normal
distributions. In ‘addition, division of the
geometric mean of a set of numé:ators by thé
gecmetric mean of the set of ccrrespondinql
denominators will result inlthe gecmetric mean of
the set of corresponding quotients.

For each genus for which one or more Species Mean

Acute Values are available, the Genus Mean Acute

Value should be calculated as the geometric mean

of the Species Mean Acute Values available for the
genus. | | |

order the Genus Heé—n Acute ?.a-iue from high to low.
Assign Tranks, R, to the Genus Mean Acutg Value
from "1" for the lowest to "N" for the highest.
If two or more Genus Mean Acute Valueés are
idenﬁigal, arbitrarily assién them successive
ranks. |

Calculate the cuﬁulative p}cbability, P; for each

denus Mean Acute Valué as R/ (N+1).
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NOTE:

Select the four Genus Mean Acute Value which have
cumulative probabilities closest to 0.05 (if there
are less than 59 Genus Mean Acute Value, these
will always be the four lowest Genus Mean Acute
Values).
Using the selected Genus Mean Acute Values and Fs,
calculate:
Sz= E(ln GMAV),)~ ((Eln GMAV)),/4)

(%) = ((E 7°B112/%)
L = (E{(1ln GM;AV) -~ S(E(/*p)}) /4

A = 5(/*0.05) +L

FAV = b

(See [11].for_devélcpmenﬁ'of the calculaticn
precedure and Appendix 2 for exaﬁple calculation
and cconmputer program.)

Natural logarithms (logarithms‘to bése e, denoted
as 1ln} are used herein merely because they are
easier to use on some hand calculators and
computers than écmmon (base 10) logarithms.
Consistent use of either will produce the same
result.

If for a commercially or recreationally important
species the geometric mean of the acute values
from flow-through tests in which the
concantrations of test material were measufed is
lover than the calculated Final Acute Value, then
that geometric mean should be used as the Final

Acute Vélue instead of the calculated Final Acute
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Q.

Value.

Go to Section VI.



Iv.

Final Acute Eguation

A. When enocugh data are available *o show that acute

NOTE:

toxicity to two or more species is similarly
related to a water guality characteristic, the
relationship should be taken into account as
described in Sections B~G below or using analysis
of.covariance [15,16]. The two methods are
equivalent and produce identical résults. The
manual method described below provides an
understanding of this application of covariance
analysis, but computerized versions of covariance.
analysis are ‘much more gcnvenient for analyzing
large datalteéts. If two or more factors affect

toxicity, multiple regression analysis should ‘be

used.

For each species for which comparable acute
toxicity values are available at two or mors
different wvalues of +the water guality
characteristic, perform a least squares regression

of the acute toxicity values on the corresponding

values of the water quality characteristic to

obtain the slope and its o5 percent confidence

limits for each species.

Because the best‘documented'relatiohship fitting
these data is that between hardness and acute

toxicity of metals in fresh water and a log-log



relationship, geonetrie means and natural
logarithms of both toxicity and water quality are
used in the rest of this secticn. Feor
relati?nships based on other water gquality
charaéteristicé such as pH, temperature, or
sélinity, ne transformation or a different
tranéformation might f£it the data better, and
app:opriate chapges‘wil]. be:necessary throughout
this section.

Decide whether.thé data ,f6r eachspecies are

useful, takinglinto;aqcpuht the range and number

'of the tested values of the water quality

. characteristic and the degree of agreement within

and Between_species. For example, a slope based
on six data points night be of limited value if it
is based only on data for a very narrow range of
values of'thelwater quality Characteristic. A
slope based on. only two data points, however,
might be useful if it is consistent with other
information and if the two points cover a broad
enough range of the watef_quality characteristiec.
In addition, acute values that appear to be
queStionaﬁle.in comparisan with other acute and
chronic data available for the same species and
for other épecies in the same genus‘probably
should not be used. Fo:fexample, it aftef
adjustment for the[water éualif?.characteriétic,

the acute values available for a species or genus:.



differ by more than a factor of 10, probably scme
or all of the values should be rejected. If
useful slopes are not available for at least one
fish and one invertebrate or if the available
slopes are too dissimilar or if too few data are
avallable to adequately define the relationship
between acute tcxi;itY'and the water gquality
characteristic, return to Section IV.G, using the
results of tests coﬁducté& under ccnditions and in
ﬁaters'similar to those commonly used for tcxicity
tests with the species. - |

Inaividuaii& for each species calculate the

gecmetric mean of the available acute values and

then divide each of the acutE'véiueé for species

by the meaﬁ-fo: the species. This normalizes the
valués so that +the geomatric mean of the
normalized values for each species individually
and for any combinatiqn of speciles is 1.0.

Similaxly normaiize the values ofSthe'water
guality characteristic for eﬁbh species
individually. |

Individually for each speéies perform a - ieast
sgquares regression of the normalized acute

toxicity values on the corresponding normalized

values of the water quality characteristic. The

resulting slopes and 95 percent confidence limits

will be identical te those obtained in Section B.
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NOTE:

Now, however, if the data are actually plotted,
the line of best f£it for each individual
species will go through the point l,i in the
center of the graph.

Treatlall fhe normalized data as if they were all
fcr the same species and perfcrm a least squares

regression of all the normalized acute values on

-the correspondlng ncrmallzed values of the water

-quallty characterlstic to obtaln the pooled acute

slope, V, and its 85 percent confidence limits.

If all the normallzed data are actually ploteed,

-the line of best fit will go through the point 1,1

in the center of the graph.

For each speciles calculate the gecmetric mean, W,

of the acute toxicity values and the geoﬁetric

mean, X, of the va;ueslof the water-quality
Charactefistic. (Theée were.calculated_iﬁ steps D
and EJ - _

For eich species calculate'the logarithm, ¥, of
the Species Mean Acute Value et a selected value,

z,iof the water quality characteristic using the

‘eqiation:

Y=1nW-V(In X - 1In 2).
For each species calculate the SMAV at 2 using

the equation: SMAV = eYt

 Alternatively, the Species Mean Acute Values at Z

"can be cbktained by skipping step H using the
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equations in steps I and J to adjust each acute
value individually to 2, and then calculating the
geometric mean of the adjusted values for each

species individually. This alternative procedure

-allows an examination of the range of the adjusted

acute values for each species.

Obtain the Final Acute Value at 2 by using the
procedure described in Section IV.J-0.

If'the Species Mean Acute Value at Z of a
commercially or récreationally important species
is lower than the'calcuiated‘Final Acute Value at
Z, then that Spebies Mean Acute Value shouid be
used as the Final Acute Value at 2 instead of the
calculated Final Acute Value.

The Final Acute Equation is written as: Final
hcﬁte Value i-e(v[ln(water'quality
eharacteristic)]‘+_1n A -~ V[ln 2]}, where Vv =

pooled acu‘&e slope and A = Final Acute Value at 7.

'Because -V, A, and Z are known, the Final Acute

Value can be calculated for any selected value of

the water quality characteristic.

V. Final Chronic Value

AI

ﬁepending en the data 'that;are available
concerning chroniec toxicity to dquatic animals,
the.Finél-Chrcnic Vaiug might be calculated in the
same manner as the Final Acute Value or by

dividing the Final Acute Value by the Final Acute-
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NOTE:

Chronic Ratio. In some cases it may not be

pessible to caleulate a Final Chronic Value.

As the name implies, the acute-chronic ratio is a
way of relating acute and chronic toxicities. The
acute-chronic ratioc is basically the inverse of
the application factor, but. this new name is
better because it is more descriptive and should
help prevent confusion between "application
factors" and "safety factors." Acute-chroniec
ratios and gpplicaﬁion faétofs are ways of
relating the acute and chronic toxicities of a
material teo aguatic organisms. Safety factors‘are
used to provide an extra margin of safety beyvond

the known or estimated sensitivities of aguatic

. organisms. Ancther advantage of the acute-chronic

ratio is that it will usually be greater than 1;

this should avoid the confusion as to whether a

large applicétion,factcr is one that is close to

~unity or one that has a dénominator that is much

greater than the numerator.

Chronic values should be based on results of £low-
through (except renewal is aédepﬁable for
daphnids) echronic tests-in which the
concentrations of test material in the test
solutions were propérlflmeasured at appropriate

times during the test.

Results of chronic tests in which survival,
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- growth, or reproduction in the control treatment

was unacceptably low should nct be used. The

linits of acceptability will depend on the

species.

Résult; of chronic tests conducted in unusual

di;uticn water; e.g., dilution water in which

total organic carbon or particulate matter

exceéded 5 mg/L, should not be tused, unless a

relationship is developed between chronic toxicity

and qrganic carbon or particulate matter or
unless data show that organic carbon, particulate
maﬁter, etc., do not aifect toxicity.

Chronic.valueslshould be based cn eﬁdpoints and

lengths of exposure appropriate to the species.

Therefore, only results of thé-following kinds of

chronic toxicity tests should be used:

1. Life-cycle tﬁxicity tests consisting of
exposures of each of two or more groups of
individuals of a species to a different
ccncentratidn of the test material throughout
a life cyecle., To ensure that all iiﬁastages
;p%ylifg Processes are exposed, tests with
fiéh should begin with embtycs or newly
hatched young less than 48 hours old, continue
through maturation and reproduction, ang
shbuid endlnct less than_24 days {90 days for
salmonids) aftex the hatéhing of the next

generation. Tests with daphnids should begin
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with young less than 24 hours old and last for
not less than 21 days. Tests with mysids
should begin with young less than 24 hours old
and continue until 7 days past the median time
of first brood release in the controls. For
fish, data should be obtainéd and énalyzed on

survival and growt.h‘ of adults and young,

‘maturation’ of males and females, eggs spawned

per female, embryo viabi—li'l;.y (salmonids only),
and hatchability. For daphnids, data should
be cbtained ard analyzed on éurvival and yOulng
per female. For ﬁy‘sids’} data_ should be

obtained and analyzed on survival, growth, and

young per female.

Partial life-'-cycle toxic‘.it_y tests consisting

~ of exposures of each of two or more groups of

individuals of a speécies of fish to a
c.‘on’c.entration. of the test material through

most porticns of a life cycle. Partial life-

cycle tests are allowed with fish species that

require mere than a year to reach sexual
mat.uri"ty",.'sa that all maﬁdr life stages can be
expoaéd to the test ﬁaﬁer_ial in less than 15
months, Exposure to the test material should
begin with immature juveniles at least 2

months prior to active gonad development,

‘eontinue through maturation and reproduction,
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NOTE:

and end not less than 24 days (90 days for
salmonids) after the hatching of the next
generation. Data should be obtained and
analyzed on survival and growth of adults and
young;'maturaticn of males and females,leggs
Spawned per female, embryo viability
(salmonids only), and hatchability

3. Early life-stage tcxicity tests conslstlng of
28= to 32~ day (60 days post hatch for
salmonids) eprsures_df the early 1ife stéges
ef a species of fish from shortly after
fertllizatlcn through embryonlc, 1arval, and
early juvenile develppmgntt Dafa should be

obtained and analyzed on survival and growth.

Results of an early life-stage test are used as
predictions of results. of life-cycle .and partial

life-cycle tests with the same Species.

' Therefore, when results of a life-cycle or partial

life-cycle test are available, results of an early
iife¥stage test with the same species should not
be used. Al"c. results of early life-sf.ag'e tests
in whHich ¢the inczdence of mortalltles oxr
abnormalztzps increased substantially near the end
cf the test should not be used because results of -
éuch tests are possibly not'good p;edictions of
the results of cchparable life-cycle or partial

life~cycle tests.
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F.

NQTE:

A chronic value may be obtained.by calculating the
geometric mean ef the lower and upper chreonic
llmlts from a chrenlc test or by anely21ng chronie
data|u51ng regresslqn analysis. A lower chronlc

limit is the highest tested concentration (a) in

“an acceptable chronic test, (b) which did not

cause an unacceptebie ameunt of advefse effect on
any ef the SpElelEd biolegical measurements, and
(c) below Wthh no tested ccncentratlcn causaed an
unacceptable effect. An upper chronlc limit is
the lowest tested concentratlen (a2) in an

acceptable chronlc test, (b) whzeh_dld cause an

unacceptable amount of adverse effect on one or

‘more of the specified biological measurements, and

(<) above which all tested ccncentfetions also

caused such an effect.

Because various authors have ﬁsed a variety of
terms and eefiniﬁiens'to interpret and report
results of chrenic tests, reported results should
be reviewed carefully. The amount of effect that
is-considered unaeceptable is often based on a
statistical hypothesis test, but might also be
defined in terms of a specified percent reduction
from the ccnfrq;s. A small percent reduction

(e.g., 3 percent) might be considered acceptable

‘even if it is statistically significantly

different from the control,fwhereas a large
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Percent reduction (e.g., 30 rercent) might be
considered unacceptable even if it is not
statistically significant.

If the chronic toxicity of the material to agquatic
animals apparently has been_shewn to be related to

a water quality characteristic such a2s hardnessg or

. particulate matter for freshwater'animals or
'salinity or partlculate mattex for saltwater
_anlmals,'a Flnal Chronic Equation should be

derived based on that water quality

characteristic..'Go to Section vII.

If chronic values are available for species in
eight famllles as descrlbed in sectiens III.B.1 or
III CJ” a Specles Mean Chrenlc Value {(8MCV)
sheuld be calculated for each specaes for which at
least one chronic value is available by
calculating the geometric mean of all chfenic
Values available forlthe specie=s, and appropriate
Genus Mean Chrenlc Values sheuld be calculated.

The Flnal Chronie Value should then be obtained

-u51ng the prccedure described in Section 1V.J7-0.

Then go to Section VI.M.
For each chronic value for which at least one
correspondlng approprzate acute value is

ava;lable, calculate an acute-chrcnmc ratio, using

.for the numerator the geemetrlc mean of the

results of all acceptable flcw-threugh (except

statmc is acceptable for daphnids) acute tests in
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the same dilution water and in which the
concentrations were measured. For f£ish, the acute
test(s) should have been conducted with juveniles.
The acute test(s) shoqld ﬁave been part of the
same study as the chronic test. If acuﬁe tests
weré not conducted as part of ﬁhe same study,
acute tests qondudted in the ééme laboratcry.and
dilution water, but in a different study, may be
used. If no such acute tests are available,
results of acute tests conducted in the same
dilution water in a.différentllaborétcry may be
used. If no such acute tésts are available, an
acute-chronic ratio should net be calbuiated.

For each species, calcuiate ‘the species mean
acute-chronic ratic as thelgeoﬁetric'mean of all
acute-chrenic ratigé available for that-épe¢ies.
For some méﬁerials'the ﬁcﬁta-dhronic ratio seems

tc be the same for all species, but for other

.~ materials the ratio seems to increase or decrease

as“the Species Mean Acute Value (éMAV} increases.

Thﬁs the Final Acuta-Chrﬁnic Ratio can be obtained

in four;wgysf dependinq'oh.the aaé; available:

1. It the Species Mean Acute-Chronic ratio seems
to incfease'or decreaéé as the épecies Mean
Acute Value increases, the.final-hcute—Chrcnic

Ratio should be calculated as.the geometric

mean of the acute-chronic ratios for species
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whose Species,Hean.Acute'Values‘are close to
the Final Acute Value.

If no major trend is apparent and the acute-
chreonic rﬁtios for a number of spacies'are
within a factor of 10, the Final Acute-
Chrcnic Ratio should be calculated 'as the
geometric mean of all the Species Mean Acute-
Chronic Ratics available for both freshwater
and saltwater Bpeciest

For acute tests conducted . on metals and
possibly other substances’ with embryos and

larvae of barnacles, bivalve molluses, sea

" urchins, lobsters, c:abs, shriﬁp, and abalcnes

(see Section IV.E.2), it is probably

-appropriate o assume that the acute-chronic

ratio is 2. Chronic tests are very difficul+

'to conduct with most such spgcies, but it is

likely that the sensitivities. of embryos and

larvae would determine the resuits of life=

‘cycle tests. Thus, if the lowest available

Species Mean Acute Values were determined with

. embryos and ‘larvae of such species, the Final

Acute-Chronic Ratio shouid probably be assumed |
té be 2, mo that the Final Chronic Value is

equal to the Criterion Maximum Concentration

(see Section XI.B)
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4. If the most apprepriate Species Mean Acute-
Chronic Ratios are less than 2.0, and
especially if they are less than 1.0,
alcc'_.limation has probably occurred during the
‘chronic test. Because continucus expesure and
acclimation cannot be assured to provlide
adequate protection in field situations, the
Final Acute~Chronic Ratio _éhould be assumed to
‘be 2, so-that the Final Chronic Value is; eqgqual
to the Criterion Maximum Concentration (see
Section XI.B).
if the available Species Mean Acute=~Chronic
Ratios do not fit one of these cases, a Final
Acute-Chronie Ratio probably cannot ‘be
cbtained, and a Fimal. Chronilc value prpbébly
cannot be calculated. D

Calcul'ate‘ti;e fin-al Chronic Value by dividing the
Final Acute Value by the Final Acutg-Chron;’.c
Ratic. If there was a Final Acute Equaticn rather
than a Final Acute Value, see also Section VII.A.
If thé. 'Spe-cjl.es Mean Chronic Value of a
commercially or recreationally important species
is lower than the calculated Fiﬁa}; dhrbnic ?alue,
then that Species Mean Chronic Value should be
used as the Final Chreonic Value instead of the
calculated Final Chronic Value,

Go teo Section VIII.
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PRI

vI.

Final Chronic Equation

A.

A Final Chronic Equation can be derived in tweo
ways. The procedure described here in Secticon 2
will result in the chronic slope being the same as
the acute slope.. The Procedure described in

Sections B-N usually will result in the chronic

slope being different from the acute slope.

1. 1I1f acute-~ chron;c ratlos gre available for
enough specles at encugh values of the water
quality characteristic to indidate that the
acute-chronic ratio is Prcbabkly the same for
all species and is brobakly 1ndependent of the
water quallty characterlstlc, calculate the
Final Acute-Chronic Ratio as the geometric
mean of the avallable Species Mean Acuhe-
Chanlc Ratios,

2. Calculate the Final cChronic Value at the
selected value 2 of the water gquality
chéracteristic by-dividing the Final aAcute
Value at Z (see section v.y) by the Final

~ Acute-Chronic Ratio. _

3. Use V = pooled acute slope (see section V.M)

| as L = pooled chronic slopé.

4. Go to Section VIT.u.

When encugh data are available to éhow that

chreonie tbxicitg to at least one species is

related to a water quality characteristic, the.
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ROTE:

relationship should be taken into account as
described in Sections B-G or using analysis of
covariance [15,16]. The two methods are
equivalent and preduce identical results. The
manual method described below provides an
understanding of this applicaticn of covariance
analysis, but computarized‘veréions of covariance‘
analysis are much more convehient for analyzing
large data sets. TIf two or more.facto;s affect
toxicity,.multiple regression énalysis should be

used.

For each specles for which comparable chronic

- toxicity values are available 'at two cr more

different ?alﬁgs_ of the water gquality
chara:teristic, perform a ieast-squargs regression
of the chrenic toxicity values on the
correspopdinq values of the water gquality

characteristic to obtain the slope and its 95

percent confidence limits for each species.

Beﬁause the = best documented relationship fitting
these data is that between hardness and acute
toxicity of metals,in_freéhwaﬁer ‘and a log-log
rélationship, gecmetric means and natural
logarithms of both toxicity and ﬁatér quality are
used in the rest .of this section. For
relationships based on other water guality

characteristics such as pH, temperature, or
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salinity, no transformation or a different
transformation-might fit the data better, and
apprepriate changes will be necessary throﬁgheut
this section. It is probably preferable, but not

necessary, to use the same transformation that was

used with the acute values in Section V.

Decide whether the data_ for each speciesare
useful, taking into account the range'and.number
©of the tested values of the water quality
characteristic and the degree of agreement within
and between species. For example, a slope based
on six data points might be of l:.mlted value if it

is based only on data for a very narrow range of

_values of the wate¥ quality characteristic. A
- slope based on only twe data points, however,

‘might be useful if it is consistent with other

lnformatlon and if the two points. cover a broadn
enocugh range of the water quallty characterlstlc.
In addltlon, chronic values that appear to be
quest;cnable in comparison with other acute and
chronic deta available for the same species and
for cther speeies in the Same genus probably
should not be used. For example, if after
adjustmeﬁt for the water quality characteristic,
the chronic ?alues available for a species or
genus differ.by more thanla facter of 10, prchably

some or all of the values should be rejected. If
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a useful chronic slope is not available for at

- least one species or if the available slopes are

too dissimilar or if too few data are available to
adequately define the relationship between chronic
toxicity and the water quality characteristic, it
might be appropriaté to assume that the chronic
slopg is the sane as-the acute slope, which is
equivalent to assuming that the acute-chronic
ratio 1is ihdependenﬁ'of the wate? qua;ity
characteristic. 'Alﬁernatively, return te Section
VI.H, using the feStlts-of tests conducted under
conditions and in waters s;mllar teo those commonly
used for tox1c1ty tests with the spec;es.

Ind;v;dually for each specles ‘calculate the

gecmetric mean of the available chrcnzc values and

then- d1v1de each chronic value for a specles by
the mean for the species. This normallzes the
chroﬁic values sc that the geometric mean of the
normalized values'forleach.épecies'individuélly

and for any combination of species is 1.0. "

"Similarly normalize the wvalues of the water

guality characteristic_for each species
individually. | |

Individualiy_for each species perform a least
squares regression of the normalized chronic
toxicity values on the corresponding normalized.
fa;ﬁes of the water quaiity characteristic. The

resulting slopes and the %5 percent confidence
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limits will be identical to these obtained in
Section B. Now, however, if the data are actually
Plotted, the line of best f£it for each individual
species will go through the peint 1,1 in the
center of the graph.

Treat all the normalized data ag if they were all
for the same species and perform a least squares
regression of all the normalized chronic values on
the corresponding normalizéd values of the'water'
guality characterist;c to dbtainlthe pooled
chronic slope, I, and itsg 95 percent'confidence
limits. If all the narmélized data Are actually
plotted, the line of best fit will go through the
point 1,1 in the center of the graph.

For each_species,calculate the gecmetric mean, M,
cf the tcxicity values and the geémetric mean, P,
of the values of the water quality characteristic.

(These were calculated in steps E and 7.)
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NCOTE:

NOTE:

For each species calculate the logarithm, Q, of
the Species Mean Chronic Value at a selected
value, 2, of the water quality characteristic

using the equaticn: Q =1n M ~ L(ln B ~ 1n 2).

Although it is not necessary, it will usually be
best to use the same value of the water quality

characteristic here as was used in section V.I.

For each- spec:.es calculate a Spec:.es Mean chron:.c

Value at z using the equatlcn. SMCV = o,

- Alternatively, the Species Hean .Chronic Values at

pA can ke obtalned by skipping step J, using the

- equations in steps J and K to adjust each acute

value individually to 2, and then calcula.tz.-ng the

geometric means of the adjusted-values for each.
species indivlidua.l.lly. Tl;is‘elte_z:nat,-ive procedure -
allows an examination of tize range of the adjusted .
chronic values for each species,

Obtain the Final Chronic Value at Z by using the

procedure described in Section- IV.J-Q.

If the Species Mean Chronic”Val'ue at'.z of a
cemmercially or recreationally important species
is lower than the calcu.].a.t-ed Final Chronic value .
at 2, then that Species Mean Chronic Value should
be used as the Final Chronic Value at 2 instead of

the ealculated Final Chronic Value.
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The Final Chronic Eguation is written as: Final
Chronic Value = _(L[ln(water quality

characteristic)}] + 1In § = L{ln Z2]), where L =
pocoled chronic slope and S = Final Chronic Value
at Z. Because L, S and Z are known, the Final
Chronic Value can be calculated for any selecféd

value of the water quality characteristic.

VII. PFinpal Plant Value

A.

Appropriate wmeasures 6f the toxicity of the
material to aquatic plants are used to cempare the
relative sensitivities of aguatic plants and
animals. Although procedures for conducting and
interpreting the results of tox#ﬁity tests with
plants are not well deveéloped, results of tests

with plants usually indicate that criteria which

adequately'protect'aquatic animals and their uses

will prébably ;lso-grctéct aquatiec plants and

their uses.:

A plant value is the result of a 96-hr test

- conducted with an alga or a chronic test conducted

ROTE:

with an aguatic vascular plant.
A test of the toxicity of a metal to a plant
usually should not be used if the medium contained

an excessive anmount of a complexing agent, such as

- EDTA, that might affect the toxicity of the metal.

- Concentrations of EDTA above about 200 ug/L should

probably be considered excessive.
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C. The Pinal P;ant Value should be obtained by
selecting the lbwest result from a test with an
impertant aquatic plant species in which the
concentrations of test material were measured and

1
the endpcint was bioleogically important.

VIII. Final Residue Value

A. The Fina; Residue Value is intended to (a} prevent
' concentrations in commercially or recreationally
importént aguatic species frqﬁ affecting
marketability because of exceedence of applicable
FDA action levels and (b) protect wildlife,
inc;uding fishes and birds, that consuﬁe aquatic
organisms from demonstrated unacceptable effects.
The final Residue Value is the lowest of the
residue values that are obtained by dividing

. maximum permissible tissue coﬁcentfatibns by
appropfiate bioconcehtration or bioaccﬁmulation
factors. A maximum permissible tissue
concentraticn is either'pa) an FDA agﬁion level
[12] for fish oil or for the edible portion of
fish or shellfish, or (b) a maximum acceptable
dietary intake kased on cbservations on survival,
gfowth, or.repéodqction in a chronic wildlife
feeding study or a long-term wildlife field study.
If no_maximum.permissibie tissue concentration is
availablé} go to Section X because no Final

Residue Value can be derived.

A-38



Bioconcentration Factors (BCcFs) and
bicaccumulation factors (BAFs) are quotients of
the concentration of a material in one or more

tissues of aln aquatic organism divided by the

average concentration in the solution in which the

organism had been 1iving. A BCF is intended to
account cnly for net uptake dlrectly frcm water,
and thus almost has to be measured in a lahoratory
test. Some uptake during the bioconcent;r:atiozi test
might not be directly from water if the food sorbs
some ef the test material be-fore it is eaten by

the test organisms. A BAF is intended to account

for net uptake fror both foed and water in areal-

world situation. A BAF almost has to be measured
in a :Eield situation in wh:.ch predators accumulate
the mater:.al d:.rectly from water and by consunming
prey that :Lt‘.self could have accumulated the
material from both fo_od and water. The BCF and
BAF are probably similar for a material with a low
BCF, but the BAF is probably higher than the BCF

for materials with hié‘h BCFs. Althoﬁgh BCFs are

- nmot too difficult to determine, very few BAFs have

been measﬁred'acceptably. because it is necessary
te make encugh measurements of the concentratlon
of the materlal in water to show that it was

reasconably constant for a long enough per:.cd of

. time over the range of territory inhabited by the
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organisms. Because so few acceptable BAFs are
available, only BCFs will be discussed further,
However., if an acceptable BAF is available for a

material, it ehould be used lnstead ef any

. avallable BCFs.

If a maximum permisasible tissue concentration is

available for a substance (e.g., parent material,

‘parent material plue metabolites, etc.), the

tissue concentratlcn used ln the calculatlon of
the BCF should be for the same substance.

0therw1se the tassue concentratlon'ased in the

'calculatlon of the BCF should bhe that cf the

- material and its metabolltes whlch are

structurally simllar and are net much more soluble

in water than the parent_material.

1. A BCF should be used only if the test was

flow-through the BCF was calculated based on
neasured concentratlons of the test material
in tissue and in the test solution, and the
exposure contlnued. at least until either
apparent steadyestate or 28 days,ﬁas reached,
Steady-state is reached when the BCF does not
chaﬁge'significantly over a period of time,
such a 2 days or 16 percent of ahe length
of the expoeure, whichever is longer. The BCF
used from a test sheould be the hlghest of (a}
the apnarent steady=- state BCF, if apparent

'steady—state was reached, (b) the highest BCF
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obtained, if apparent steady-state was not
reached, and (c¢) the projected steady~state
BCF, if calculated. '

2. Whenever a BCF is determined for a lipophilic
material, the percent lipids should alse be
determined in the tissue(s) for which the BCF
was calculated.

3. A BCF obtained from an exposure that

| adversely affected.the-test organisms’ﬁay be

- used only if it is similar to a BeF obtained
With unaffected organisms of the 'same species
at lower concentrations that did not cause
adverse effects.

4.IBecause makimum rermissible tissue
‘concentrations are almost never'based on dry
weights, a BCF calculated using dry tissuel
weights must be cenverted +o a wet tissue
weight basis. If no conversicn factor is
reﬁorted with the BCF, multiply the dry weight
BCF by 0.1 for plankton andg by 0.2 for
individual species of fishes and invertebrates
[(17]. .

S. If more than one acceptable BCF is available
. for a species, the geometric mean ﬁf the
| available values.should be used, except that

Af the ECFs are from different lenéths of

eéXposure and the BCF increases with length of
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exposure, the BCF £for the longest exposure
should be used.

If enough pertinent data exist, several residue

values!can be calculated by dividing maximun

permissible tissue concentraticns by appropriate

BCrs:

1. ?or'each available maximum acceptable dietary
intake derived frem a chronic feeding study or
a.long-tefmlfield study with wildlife,
including birds and aquafic organisms, the
appropriate BCF is based on the whele body of
aguatic species which constitute or represent
a major pocrtion of the dietiof the tested
wildlife species.

2. For an FDA_actién level for fish or shellfish,
the appropriate BCF is the highes% gecmetric
mean species-BCF for the edible portion
(muscle for decapods, muscle with or without
skin for fishes, adductor muscle feor scallops,
and total scftltissue for-othef bivalve
'molluscs) af a consuméd.specieé. The'highest‘
species BCF is used because FDA action levels
are applied on a species~by-specieé basis.

For lipophilic materials, it might be possibie to

calculate-additicnél residue values. -Because the

s;eadyéstate BCF for a lipophilic material seems
tc be proportional to percent lipids from one

tissue to another and from one species to ancther
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[ " [18-20], extrapclations can be made from tested
tissues or species to untested tissues or species
on the basis of percent lipids.

1. For each BCF for which the percent lipids is
kﬁown for the same tissue for which the BCF
was measured, normalize the Bc? toa 1
percent lipid basis by dividing the BCF by the
percent lipids. This adjustment to a 1
percent lipid basis is intended to make all
the measured BCrFs for a maﬁérial éoﬁparable
regardless of the species or tissue with which

the BCF was méasured. ‘

2. Calculatglthe gecmetric mean normalized BCF.
Data for both saltwater and freshwater
species should be used to determinelthe mean
nermalized BCF, unless the data show that the
normalized BCFs are probably not similar.

3. Calculate all possible residue values by

dividing the available maximum permissible

_____ : tissue concentrations by the mean normalized
| BCF and by the percent lipids values
appropriate toc the maximum permissible tissue
cencentrations, i.e.,

{maximum permissible tissue QQUQQDfiatQQDJ

Residue value = (mean normalized BCF) (appropriate percent lipids)
tissue concentration) Residue value = (mean
nermalized BCF) (appropriate percent lipids)

d. For an FDA acticn level for fish oil, the
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appropriate percent lipids.value is loo.

b. For an FDA action level for fish, the
appropriate percent lipids value is 11
for freshwater criteria and 10 for
saltwater c¢riteria because FDZ action
levels are applied on a species-by-
spécies_baSis_tq comronly consumed

 spec;es, The. highest l;pid contents in

~the edible portions of impértant consumed
speéies are about 1l percent for bcth the
freshﬁater chinock salmon and lake
t:out and about. 10 pefcent for the
saltwater Atlantié herring [21].

¢. For a maxiﬁum acceptable dietary_intaké
derived _fr;ﬁm' a chronle feeding study or a
long-term field study with wildlife, the
appropriate percent lipids is that of an .
agquatic gpeciea or group of aguatic
species which constitute a major portion
of ﬁhe.diat of the wildlife species.

G. The Final Resi@ue Value is obtained by seiecting

the lowest of the available residus values.
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NOTE: In some cases the Final Residue Value will not be
lew enough. For example, a residue value
calculated from an FDA éction level will probably
result in an average concentration in the edible
portion of a fatty species_that is at the action
level. Some individual organisms, and possibly
some species, will have fesidue concentrations

. higher than the mean value but ne mechanisn has
been devised to provide appropriaté additional
protection._ Also, some chronic feeding studies
-and long—térm fielqd studies with wildlife'ideﬁtify
concentrations that caﬁée adverse effects 'but do
net identify concentrations which do not cause
adverse effects: again,_no mechanisn hés been
devised to provide aﬁpropriate additional
pfotect;on. These are some of the:speqies and
use=s that are nbf protected at all fimes in a1l

places.

X. Other Data

Pertinent information that could not be used in
earlier sections might be available concerning adverse
effects on aguatic organisms and their ﬁses. The most
important of these are data on cumnlative and delayed
toxicity,.flavcz'impairment, reduction in survival,
- growth, ar reproductipn, or any oﬁher adverse effact
that has been shown to be biologically important.

Especially important are data for species for which no
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cther data are available. Data from behavioral,
biochemical, physiological, microccosm, and field
studies might also be available. .Data night be

available from tests conducted in unusual dilution_

water (see IV.D and VI.D), from chronic tests in which
the concentrations weres not measured (see VI.B), £from
tests with previously exposed organisms (see II.F),

and from testé_on.formulated.mixtureS-or emulsifiable

.concentrates (see II.D). Such ﬁata wight affect a

criterion if the data were obtained with an important
species, the test concentrations were measured, and

the endpoint was biolcgically,important.

Criterion

n-

‘A. A criterion consists of two concentrations: the

Criterioﬁ Maximim Cohicentration and the Criterieon
Continuous Concentration. I

B. The Criterien Maximum Concentration (CHC) 'is equal
o one-half the Final Acute Value. |

C. The Criterion Continuous Concentration (Ccc) is
equal to the lowest of the Final Chronic Value,
_the Final_Plant vélue, and the Final Residue
Value, unless other data (see Secticn X) .show that
a lower value sheould be used., 'ILf toxicity is
related_tc a2 water quality characteristic, the
Criterion Continucus Concentration is obtained
from the Final Chronic Equation, the Final Plant

vValue, and the Final Residue Value by selecting
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the one, or the combination, that results in the
lowest concentraticns in the usual range of the
water quality characteristic, unless other data
(see Section X) show that a lower value should be
usead,. |

Round [14] both +the Criterion Maximum
Concentration and the Criterion continuous
Concentration to two significant digits.

The criterion is stated as:

The procédures'described in thé Guidelines for
Deriving Numerica;lNafional'Wdter Quality Criteria
for the Protection of Aquatic‘Organisms and Their
Uses indicate that, except poésibly where a
locally impertant species is very sensitive, (1)
aguatic organisms and their uses should neot be.
affected unacceptably if the 4—déy-average
concentration of (2) does not exceed (ﬁ) ug/L more
than once every 3 years on the average and if the
l-hour average concentration does not exceed (4)

ug/L more than once every 3 years on the average.

where (1) = insert "freshwater" or "saltwater"

(2) = insert name'of-ﬁaterial

(3) = insert the c:itéricn Cthinubus
cGnéentration

(4) = insert the Criterion Maximum

" Concentration.
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¥TII. Final Review

A. The derivaticen of the criterion should be

carefully reviewed by rechecking each step of the

Guidelines. Items that should be especially

checked are:

l - .

2.

If unpublished data are used, are they well
documented? | )

Aré all requireq.data,gvailable?

Is éﬁe range of acute values for any species
greater than a factor of iO?

Is the range Of Species Mean Acute Values for
any genus greater than a factor of 107

Is there more thana factof of 10 difference
between_the four lowest Genus.Mean'Acqte
Values?

A#e'any ©of the four lowest Genus Mean Acute
Values que-stignab-l,e?

Is the Final Acute Value reasonable in
comparison with the Species Mean Acute Values
and Genus Mean Acute Values? |
For any commercially or recreationally
inportant species, is the geometric mean -of
the acute values f;om flow=through test; in
wiiich the concentrations of test material were
mgaéured-lcwe:.than the Final Acute Value?

Are any of the chroric values gquestionable?
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10. Are chronic valués available for acutely
sensitive species? | |

1l. Is the range of acute-chrenic ratios greater
than a factor of 107

12. Is the Final cChronic vValue reasonable in
comparison with the available acute and
chronic data?

13. Is the measured or predicted chronic value for
any commercially or recreaticnally important
species below the Final Chronic Value?

14. Are any of the other data important?

15. Do any data look like they night be outliers?

16. Are there any deviatibns from the Guidelines?

Are they accepﬁable?

B. On the basis of ail available pertinent laboratory

and field information, determine if ‘the criterion
is consistent with sound seientific evidence, If
it is not, another criterion, éither higher or
" 'I6WeF, "§Hould be derived using appropriste

modifications of these Guidel ines.
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