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Kris,

We have reviewed the revised (Feb 2019) Fish TRV memo and responses to comments. We do not
have any further comments, although there is one minor error that should be corrected in the final
version:

In Table 3-3 Footnote C, we think the footnote probably should contain “ED20” not “ED10.”
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Kathryn Cerise
UCR RPM
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Subject: UCR - Revised Draft Final Fish Diet TRV Document (February 2019) and TAI Response to
Comments on July 2018 Draft

Hello Kathy,

Please see the attached for your review and approval.

Please contact me or Kris if you have any questions.

Thank you,

Denise

Denise Mills, RG, LHG

Program Manager, Upper Columbia River
Teck American Incorporated
+1.509.623.4515, direct

+1 509.904.9375, mobile

www.teck.com


mailto:Cerise.Kathryn@epa.gov
mailto:Kris.McCaig@teck.com
mailto:Denise.Mills@teck.com
mailto:Denise.Mills@teck.com
mailto:Cerise.Kathryn@epa.gov
mailto:johnt@windwardenv.com
mailto:Jennifer.Holder@erm.com
mailto:Cristy.Kessel@teck.com
mailto:Kris.McCaig@teck.com
https://protect2.fireeye.com/url?k=da7bf66a-86e9cb07-da7a49b9-0cc47ad3232a-02c18791dd495cbc&u=https://urldefense.proofpoint.com/v2/url?u=http-3A__www.teck.com&d=DwMFAg&c=OgZOSER8c1RLeytEexU279Q2qk0jVwkrOdYe5iSi-kk&r=8cVW2tHgyhK_BbLBE6ElZyU2MZYxgW4iJxPlkwtIu-8&m=uLqlJ13LHkvgcEOdN7Qa8csyD3qUeV3lGp-f4eqsBpI&s=djCGJGsjh2vznCMTgib4wHy4vVH-LlGwEHHLl5YKPMo&e=

NOTICE - This communication may contain confidential and privileged information that is for the sole use of the
intended recipient. Any viewing, copying or distribution of, or reliance on this message by unintended recipients is
strictly prohibited. If you have received this message in error, please notify us immediately by replying to the message

and deleting it from your computer.



Teck American Incorporated +1 509 747 6111 Tel
501 North Riverpoint Boulevard +1 509 922 8767 Fax
Suite 300 www.teck.com
Spokane, WA 99202 USA

Teck

April 22, 2019

File No.: 01-773180-000

Kathryn Cerise

Project Manager, Office of Environmental Cleanup
U.S. Environmental Protection Agency, Region 10
1200 6™ Avenue, Suite 900 MS (ECL-122)

Seattle, WA 98101

VIA ELECTRONIC MAIL ONLY

Subject:  Upper Columbia River (UCR) Remedial Investigation and Feasibility Study (RI/FS) — Final
Fish Diet Toxicity Reference Values for the Baseline Ecological Risk Assessment (April 2019)

Dear Kathy:

On behalf of Teck American Incorporated (TAI) and further to your March 25, 2019 email indicating the
U.S. Environmental Protection Agency’s approval of the above-referenced toxicity reference values
document, | am pleased to submit the final document for your records.

Should you have questions or require any additional information to assist your review, please contact me
at (509) 623-4515.

Sincerely,
Teck American Incorporated
Leriie e —

Denise Mills
Program Manager, Upper Columbia River

Enclosure: 1) Final Fish Diet Toxicity Reference Values for the Baseline Ecological Risk Assessment
(April 2019)

cc:  Dr. Jennifer Holder —- ERM West, Carpinteria, CA
David DeForest — Windward Environmental, Seattle, WA
Kris McCaig — TAI, Spokane, WA
Cristy Kessel — TAI, Spokane, WA

U:\Correspondence\Official\Sent\2019\04-22-19_Cover Ltr_Submittal_Final Fish Diet TRV Document_KCerise.docx



UPPER COLUMBIA RIVER

FINAL
Fish Diet Toxicity Reference Values for the
Baseline Ecological Risk Assessment

Prepared for

Teck American Incorporated
P.O. Box 3087
Spokane, WA 99220-3087

Prepared by

Wingyward,.
200 West Mercer, Suite 401
Seattle, WA 98119
In Association and Consultation with
Parametrix, Inc.

April 2019



Upper Columbia River

Fish Diet Toxicity Reference Values for the FINAL
Baseline Ecological Risk Assessment April 2019
CONTENTS
LIST OF FIGURES ........cocoriireireerneesensnssersssssssasesasssasssasssasssasssassssssssssssasssasssasssasssasssasssasssassssasssasssas \Y
LIST OF TABLES......oivtintiitinniinnnesnnesnssssssasssssssssssssssssssssssasssasssssssasssasssassssssssssssssssssssssssssssasssasose vii
ACRONYMS AND ABBREVIATIONS. ......cocvinirntinnniessnesancsnnesnsssasssasssassssssssssssssssssssasssssssasosassse ix
UNITS OF MEASURE ......uoiciereereereeneeseesseesseesssssssesssssssssssssssssssssssssssssssssssssssasssasssassssssssassasssassnns xi
EXECUTIVE SUMMARY ...cccctirrtirreeereecsneesnesssessansssesssesssesssssssssssssssssssassssssssssssasssssssssssssssssssasssasssaes xiii
1 DIET-BORNE TOXICITY REFERENCE VALUES FOR FISH ......cccceccecenninnicninnunscesennans 1-1
2 IMETHODS.......ooceeceeeeceeceeenseesnesseesssssessassssssessasssssssssassssssssssessesssssssssessassasssessessassssssasssassassasns 2-1
2.1 CHEMICALS OF INTEREST .......ooooiiieeeeecteeteete ettt ste e eeseaesae e veeva e s 2-1
2.2 SOURCES OF DIET-BORNE TOXICITY DATA ..ottt 2-1
2.3 TYPES OF DATA COMPILED ....ooooiiiiiieeecteeieeteete ettt ettt ere v v v eva v s 2-1
2.4 DIET TYPE .. oottt ste et stesteetesae s se s s e esbaesssesseesssesssesssesssesssessesssasns 2-2
2.5 TOXICITY ENDPOINTS .....ooietieiieieeeeeseesteeetesteeresresreesessse s seessaesssesssesssesssesnsens 2-3
2.6  CONCENTRATION- AND DOSE-RESPONSE RELATIONSHIPS...........cceeveneee. 2-3
2.7 TOXICITY REFERENCE VALUE DEVELOPMENT .......cccteiiiiieieeeeeeeeeeeeens 2-5
2.8  UNCERTAINTIES .....coot ettt ettt ettt setesatesteste s sessseessaesseessnessnesanens 2-5

3 RESULTS ... eeceeceeceeceeceesseessasssaeessesssesssesssesssssssssssssssasssassssesssessassssssssesssesssesssasssasssasssasssaasss 3-1
3.1 ALUMINUDM ..ottt sttt st s te e veeveebe e ba e beesbaestaessbesssesasesssesssessassanns 3-1
311 SUMMATY oo 3-1

3.1.2  Key StUAIS.....ccuoiiiiiiiiiiiiiiici s 3-2

3.1.3  Selection of Aluminum TRVS ......ccooviiiiiiiiciiceeeee e 3-2

3.2 ARSENIC ...ttt ettt e te st e st e s e et e et e e be e beessaasssesssesssesssessseensasssanns 3-3
321 SUIMMATY cooiiiiiiiiiciiicccc e 3-3

322  Key StUAIES.....couiuiiiiiiiiiiiiicc e 3-3

3.2.3  Selection of Arsenic TRVS .....ccciecievieiieieniieeeteieeeeteseetete et ae e seas 3-5

3.3 CADMIUM ....coiiiiiicteeteetettet ettt e s e taeetestesvessessaeba e saessaesseesssesssesssesssesssesssesssanns 3-6
3.3. 1 SUIMMATY ..o 3-6

3.3.2  Key StUAIS.....ccoiiiiiiiiiiiiiii s 3-6

3.3.3  Selection of Cadmium TRVS ......ccoooiiiiiiririeiieeeee et 3-8

34  CHROMIUMU(III) ...couteiiriietinienieieteteiesiestesteteste et sse sttt sse s saessete e ssessesaessenees 3-8
341  SUIMNIMATY .ooiviiiiiiiiciiccicece s 3-8

342  Key StUAIES.....covivimiiiiiiiiiiiciicc 3-9

3.4.3 Selection of Chromitum TRVS ......cccooieieieiiicieieecectete et 3-10

R T G O ] o = RS 3-10
3.5.1  SUMMATIY .oooviiiiiiiciccc s 3-10

3.5.2  Key StUies......ccooiiiiiiiiiiiiiiiicci 3-11

3.5.3 Selection of Copper TRVS.......ccccoeiiiiiiiiiiiniiiiiiciccceees 3-12

Windward iii



Upper Columbia River

Fish Diet Toxicity Reference Values for the FINAL
Baseline Ecological Risk Assessment April 2019
3.6 TRON L.ttt ettt et et e et e et e b e s s e et et e eseent et eeseentenseeseentensesneensensas 3-12

3.7 LEAD ettt ettt et et ba et et e b e eabeeabe e be e be e ba e be e baeraas 3-13
3.7.1  SUIMMATIY .ooiiiiiiiiiiiiiiii e 3-13

3.7.2  Key StUAIES.....couimiiiiiiiiiiiciiicc 3-13

3.7.3  Selection of Lead TRVS ......ccccueeieieieiieeeeecteeeetese ettt ae e 3-14

3.8 MANGANESE ...ttt sttt ettt esse e e enseees 3-15

3.9 MERCURY ..ottt ettt ettt et et s bt e sttt e st e st e st e satesasesntassseesseensaenseenseenses 3-15
3.9.1  SUMMATIY ..ooviiiiiiiiiicc s 3-15

3.9.2  Key StUAIES.....coviviiiiiiiiiiicc e 3-15

3.9.3  Selection of Mercury TRVS.......cccocooviiiiiiiiiiiiiiecce, 3-17

310 NICKEL....uoiciieieeeeeestesterte st teste s e e te e te e te e be e sa e saessaesssessaeassassseassesssessseessesnsens 3-17
3.10.1 SUMMATY vttt 3-17

3.10.2 Key Studies......ccoouiiviniiiiiiiiiiiiiiiccic e 3-17

3.10.3 Selection of Nickel TRVS ....cccccveoieieieiieeeteiieteee ettt 3-19

3. 11 SELENTIUM ..ottt te e e teestesste e teesseessaessaesssesssesssasssasssesssesssessseessesssees 3-19
812 STLVER ...ttt ettt ettt et s et et et e e st et et e e at et e seenteteeneeneenees 3-20
3.12.1 SUMIMATY .ovviiiieieieietetcte ettt e 3-20

3.12.2 Key Studies.......ccciiiiiiiiiiiiiiiiiiicc s 3-21

3.12.3 Selection of SilVer TRVS......cccccecieirieiieeeieieeeeeeee et sse s 3-21

3.13 VANADIUM ..ottt stesstesste s s e e sseesste st e sssesstesssesssasssesssesssessseenseenses 3-21
I8 4 1\ N SRR 3-22
3.14.1 SUIMMATY ..ottt 3-22

3.14.2 Key Studies.......ccceiiiiiiiiiiiiiiiiic e 3-22

3.14.3 Selection of ZinC TRVS....cccviroiecieieieiieeeteieeteee st 3-23

3.15 SUMMARY OF FINAL DIET-BORNE TRVS ......ccoveiieeieieieeeeeeeeeeee e 3-23

4 METAL MIXTURES .....cooviiiiininniinininniinissinnnesessssssssssssssssssssssssssesssssssssesssssssssessssssssssssasssns 4-1
5 REFERENCES.........ouicrierienirnnersessessesssasssssssnsesasssasssasssassssssssssssasssssssnsssasssasssasssasssasssasssasssasase 5-1

Appendix A Diet-Borne Toxicity Data

Windward

iv



Upper Columbia River

Fish Diet Toxicity Reference Values for the
Baseline Ecological Risk Assessment

FINAL
April 2019

Figure 3-1.

Figure 3-2.

Figure 3-3.

Figure 3-4.

Figure 3-5.

Figure 3-6.

Figure 3-7.

Figure 3-8.
Figure 3-9.

Figure 3-10.

Figure 3-11.

Figure 3-12.

Figure 3-13.

Figure 3-14.

Figure 3-15.

Figure 3-16.

LIST OF FIGURES

Relationship Between Diet-Borne Aluminum Concentrations and Weight Gain

in Atlantic Salmon

Concentration-Response Relationships for Juvenile Rainbow Trout Exposed to

Diet-Borne Arsenate or Arsenite Based on Data from Individual Studies

Dose-Response Relationships for Juvenile Rainbow Trout Exposed to Diet-

Borne Arsenate or Arsenite Based on Data from Individual Studies

Pooled Concentration-Response Relationship and Dose-Response Relationship

for Diet-Borne Arsenic Toxicity to Rainbow Trout
Concentration-Based and Dose-Based SSD for Diet-Borne Cadmium

Comparison of All Concentration-Response Data for Cadmium, as a Percentage

of Control Response, to Diet-Borne TRV

Concentration-Response and Dose-Response Relationships for Common Carp
and Rainbow Trout Fed Diet-Borne Chromium(III)

Concentration-Based and Dose-Based SSD for Diet-Borne Copper

Concentration-Response and Dose-Response Relationships for Atlantic Salmon
Fed Diet-Borne Copper in a Formulated Diet

Comparison of All Concentration-Response Data for Copper, as a Percentage
of Control Response, to Diet-Borne TRV

Concentration-Response Data and Dose-Response Data for Effects of Diet-Only

and Diet+Water Lead Exposures on the Growth Rate of Juvenile Rainbow Trout

Comparison of All Concentration-Response Data for Lead, as a Percentage of

Control Response, to Diet-Borne TRV

Relationship Between Diet-Borne Methylmercury Concentrations and Fathead

Minnow Spawning Success
Concentration-Based SSD for Diet-Borne Methylmercury

Comparison of All Concentration-Response Data for Nickel, as a Percentage of

Control Response, to Diet-Borne TRV

Relationship Between Diet-Borne Silver Concentrations and Rainbow Trout
Growth Rate

Windward



Upper Columbia River

Fish Diet Toxicity Reference Values for the FINAL

Baseline Ecological Risk Assessment April 2019

Figure 3-17. Relationship Between Diet-Borne Vanadium Concentrations and Rainbow
Trout Growth

Figure 3-18.  Effects of Diet-Borne Zinc in a Formulated Diet for Common Carp

Figure 3-19. Comparison of All Concentration-Response Data for Zinc, as a Percentage of
Control Response, to Diet-Borne TRV

Figure 4-1.  Concentrations of Metals in Field-Collected Benthic Invertebrates Fed to
Rainbow Trout Fry

Figure 4-2.  Concentrations of Metals in Field-Collected Benthic Invertebrates Fed to Brown
Trout and Rainbow Trout Fry

Figure 4-3.  Concentrations of Metals in Benthic Invertebrates Exposed to Field-Collected
Sediments and Fed to Juvenile Rainbow Trout

Figure 4-4.  Concentrations of Metals in Field-Collected Benthic Invertebrates Fed to
Cutthroat Trout Fry

Figure 4-5.  Mixtures of Diet-Borne Copper and Zinc Concentrations in Formulated Diets

Fed to Rainbow Trout in Seven Tests

Windward

vi



Upper Columbia River
Fish Diet Toxicity Reference Values for the FINAL
Baseline Ecological Risk Assessment April 2019

Table 3-1.

Table 3-2.

Table 3-3.

Table 3-4.

Table 3-5.

LIST OF TABLES

Concentration- and Dose-Based Diet-Borne Toxicity Data Used to Develop
SSDs for Cadmium

Concentration- and Dose-Based Diet-Borne Toxicity Data Used to Develop

SSDs for Copper

Concentration- and Dose-Based Diet-Borne Toxicity Data Used to Derive TRVs
for Lead

Concentration- and Dose-Based Diet-Borne Toxicity Data Used to Derive TRVs

for Zinc

Final Diet-Borne Concentration- and Dose-Based Metal TRVs for Fish

Windward

vii






Upper Columbia River
Fish Diet Toxicity Reference Values for the FINAL
Baseline Ecological Risk Assessment April 2019

ACRONYMS AND ABBREVIATIONS

AWQC ambient water quality criteria

BERA baseline ecological risk assessment
CBB critical body burden

CI confidence interval

EC effect concentration

EC20 20 percent effect concentration

ED effect dose

ED20 20 percent dose concentration

EPA U.S. Environmental Protection Agency
FIR food ingestion rate

GSI gonadosomatic index

LC20 concentration that is lethal to 20 percent of an exposed population
LOEC lowest-observed-effect concentration
LOEL lowest-observed-effect level

NOEC no-observed-effect concentration
NOEL no-observed-effect level

RI/FS remedial investigation/feasibility study
SSD species sensitivity distribution

TAI Teck American Incorporated

TRAP Toxicity Relationship Analysis Program
TRV toxicity reference value

UCR Upper Columbia River

Windward ix






Upper Columbia River

Fish Diet Toxicity Reference Values for the FINAL
Baseline Ecological Risk Assessment April 2019

bw

dw

8

gfood

giood/g bw/day
gdiet/g bw/day
g/kg

km

mg

mg/g

mg/kg
mg/kg/day
mg/kgdiet
mg/kg bw/day
mmol/L

mo

bg/s

ug/L

wk

Ww

UNITS OF MEASURE

body weight

dry weight

gram(s)

gram(s) of food

gram(s) of food per gram body weight per day
gram(s) of diet per gram body weight per day
gram(s) per kilogram

kilometer(s)

milligram(s)

milligram(s) per gram

milligram(s) per kilogram

milligram(s) per kilogram per day

milligram(s) of metal per kilogram of diet (food)
milligram(s) of metal per kilogram body weight per day
millimole(s) per liter

month

microgram(s) per gram

microgram(s) per liter

week

wet weight

Windward

xi






Upper Columbia River
Fish Diet Toxicity Reference Values for the FINAL
Baseline Ecological Risk Assessment April 2019

EXECUTIVE SUMMARY

The Upper Columbia River (UCR) remedial investigation/feasibility study (RI/FS) baseline
ecological risk assessment (BERA) will include an evaluation of risk to fish from diet-borne
exposure to metals and metalloids (hereafter referred to as metals, for simplicity). This
document presents methods used to derive toxicity reference values (TRVs) and the resulting
TRVs for individual metals that will be used in the BERA for the fish dietary pathway.

Toxicity studies relevant to dietary exposure of fish to metals were compiled from the
published scientific literature, government reports, and graduate theses and dissertations. The
compiled studies were reviewed, and data related to acceptable toxicity endpoints (i.e., direct
measures of survival, growth, and reproduction) were extracted from these studies. Toxicity
exposure data from each study were expressed as concentrations in the diet (i.e., mg/kgadict). In
addition, if information on food ingestion rate (FIR) and body weight were available from the
study to support the dose-based calculations, data were expressed as body weight-normalized
dietary doses (i.e., mg/kgtod body weight [bw]/day). (Throughout this document, the term

“dose” refers to diet-borne dose.)

If sufficient concentration- or dose-response data were available for a particular study,
regression analysis was used to identify the 20 percent effect level, defined as the 20 percent
effect concentration (EC20) for data expressed on a concentration basis and as the 20 percent
dose concentration (ED20) for data expressed on a dose basis. If an EC20 or ED20 could not be
derived for a test, the lowest test treatment that resulted in an effect greater than 20 percent
relative to the controls was used to define the toxicity threshold for that test. In such cases, the
toxicity threshold was identified as a “less than” value, because a lower concentration or dose
would have been expected to achieve the targeted 20 percent effect level. If none of the
treatments in a test resulted in an effect greater than 20 percent relative to the controls, the
highest concentration or dose was used to define the toxicity threshold. In such cases, the
toxicity threshold was defined as a “greater than” value, because a higher concentration or
dose would have been required to achieve the targeted 20 percent effect level. If multiple
toxicity thresholds were identified for a species, the species mean toxicity threshold was
calculated as the geometric mean of the available toxicity thresholds within a particular
endpoint category. Once concentration- and dose-based toxicity thresholds had been compiled
for each metal, and species mean values had been calculated as necessary, TRVs were defined
as either the 5™ percentile of the species sensitivity distribution (SSD) of species mean toxicity

thresholds, or as the lowest species mean toxicity threshold.

Concentration-based diet-borne fish TRVs were derived for aluminum, arsenic, cadmium,

chromium, copper, lead, mercury, nickel, selenium, silver, vanadium, and zinc. Dose-based
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TRVs were developed for all of these metals except aluminum, selenium, and vanadium.

Neither concentration- nor dose-based TRVs were derived for iron or manganese.

To evaluate the protectiveness of individual metal TRVs, this document also includes a
discussion of studies of diet-borne field toxicity, conducted with metal mixtures. Most of these
studies involved feeding fish benthic invertebrates from the Clark Fork River in Montana or
the Coeur d’Alene River in Idaho or benthic invertebrates exposed to sediments from these
sites. The Clark Fork River studies ultimately identified arsenic as a driver of the effects
observed in the field studies, indicating the importance of evaluating the dietary pathway for
arsenic and fish. However, the possibility of additive or synergistic toxicity due to other metals
cannot be excluded. The metals mixtures studies were not used to adjust any of the TRVs for
individual metals, but the studies will be included as part of the uncertainty discussions in the
BERA.
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1 DIET-BORNE TOXICITY REFERENCE VALUES FOR FISH

Studies on the diet-borne toxicity of metals and metalloids (hereafter referred to as metals, for
simplicity) to fish were reviewed to develop diet-borne toxicity reference values (TRVs) for
use in the Upper Columbia River (UCR) remedial investigation/feasibility study (RI/FS)
baseline ecological risk assessment (BERA). In the BERA work plan, the diet was identified as
a complete exposure pathway to fish for metals and other chemicals (Parametrix et al. 2011).
The diet-borne pathway for fish is being evaluated following the approach described in the
BERA work plan, which includes the development of benchmarks (herein referred to as TRVs)
that are “associated with a NOAEL [no-observed-adverse-effect level] or LOAEL [lowest-
observed-adverse-effect level], or a proportional response (ECx [effect concentrations
associated with an effect level of x percent]) for growth, survival, or reproduction” (Parametrix
et al. 2011).

For some chemicals, the diet-borne pathway can also be evaluated using critical body burdens
(CBBs), as this approach considers the combined exposure of fish to chemicals in food and
water. However, for most metals, the CBB approach is not applicable and will not be used in
the BERA (Parametrix et al. 2011), except for mercury and selenium as discussed below. This
is because the linkage between whole-body metal concentrations in aquatic biota and toxicity
is highly variable due to the dynamic nature of metal uptake and elimination, and due to
internal partitioning of bioaccumulated metal (Luoma and Rainbow 2005). As a result, it is not
possible to develop universally or broadly applicable whole-body critical residues for metals
(Adams et al. 2011). The exceptions are mercury and selenium, because they both have organic
forms in which tissue concentrations are strong indicators of potential toxicity (Beckvar et al.
2005; USEPA 2016a).

Diet-borne toxicity data were compiled for both individual metals and metal mixtures. TRVs
were developed for individual metals, but studies with metal mixtures were used as a line of
evidence for evaluating the protectiveness of TRVs for individual metals. As for any metal
mixture in any exposure medium —whether food, water, or sediment—toxicity (or lack of) is
highly dependent on the relative concentrations of the metals present, as metals can act
antagonistically (i.e., less than additive), additively (i.e., strictly additive), or synergistically
(i.e., more than additive). How the BERA will address uncertainty in the assessment of diet-
borne metals is beyond the scope of this TRV document; options may include concentration
addition and response addition approaches (USEPA 2007), although it is important to note
that these types of approaches have not been well tested for metals in fish diets. The most
useful approach for evaluating the potential toxicity of metal mixtures will be using a
combination of individual metal TRVs and metals mixture toxicity data from studies at other

sites (e.g., the Clark Fork River in Montana and Coeur d’Alene River in Idaho).
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The methods used to develop the diet-borne TRVs are described in Section 2, and the resulting
diet-borne TRVs for individual metals are presented in Section 3. To assess the protectiveness
of the diet-borne TRVs for individual metals, these TRVs are compared to diet-borne toxicity

data for metal mixtures in Section 4.
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2 METHODS

21 CHEMICALS OF INTEREST

The working list of metals evaluated for the development of diet-borne TRVs for fish includes
14 metals and metalloids: aluminum, arsenic, cadmium, chromium, copper, iron, lead,
manganese, mercury, hickel, selenium, silver, vanadium, and zinc. It is possible that some of
these metals will be screened out from further evaluation once the chemical of potential

concern refinement is finalized.

2.2 SOURCES OF DIET-BORNE TOXICITY DATA

Diet-borne metals toxicity data were compiled based on a review of the published scientific
literature, government reports, and graduate theses and dissertations. The initial source of
data was a recent review by DeForest and Meyer (2015), who developed a database of diet-
borne metals toxicity data for fish and other aquatic life. That database was augmented with
any diet-borne toxicity data for fish that subsequently became available in the published
literature or unpublished reports. Literature searches were conducted by using Google Scholar
and contacting researchers and organizations known to be conducting diet-borne toxicity
studies with metals of interest. The references sections of studies identified were also consulted

to identify additional diet-borne toxicity studies that could be used for TRV development.

2.3 TYPES OF DATA COMPILED

The following information was compiled, as available, from each of the studies reviewed:
e Fish species
e Age at test initiation
e Exposure duration
e FIR—units of gfod/day or giod/g bw/day

e Body weight (bw)—typically reported at test initiation and sometimes at different
points during the exposure (especially for tests that measured weight as an endpoint)

e Dose—units of mg/kg bw/day (Throughout this document, the term “dose” refers to
diet-borne dose.)

e Diet type—formulated or biologically incorporated

e Metal concentration in the diet
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e Corresponding metal concentration in water—some tests explicitly tested the
combined effects of diet- and water-borne metals exposures; others measured metals
concentrations in water to evaluate the amount of metal that leached from food

e Toxicity endpoint—the biological endpoints of interest were related to survival,
growth, and reproduction; the availability of other endpoints was noted, but these
were not quantified

e Concentration-response data and dose-response data—these data were compiled to
evaluate the compatibility of concentration-response and dose-response models for
calculating 20 percent effect concentrations and effect doses (EC20s/ED20s), and to
identify the levels of effect associated with individual treatment concentrations and
doses

e Statistical significance—it was noted whether the biological response in each
treatment/dose was statistically significant from the negative control, as reported in the
original study.

There were no explicit inclusion or rejection criteria for compiling diet-borne toxicity data,
although there were a few endpoints that were not included in the TRV development (see
Section 2.5). For each constituent, the strengths and weaknesses of the available data were

considered in developing the applicable TRV.

24 DIETTYPE

Most diet-borne toxicity studies with metals and fish have used formulated diets spiked with
metal salts; fewer studies have used natural diets composed of live food organisms previously
exposed to metals. The former type of diet might overestimate or underestimate metal
bioavailability to fish relative to the latter, depending on the relative bioavailability of the
metals in question. Toxicity data were compiled based on both formulated and natural diets.
It was preferable if total metals concentrations in diets were measured analytically; however,
in the absence of measured concentrations, nominal (i.e., unmeasured) metals concentrations
were used. If metals concentrations were reported in the basal (or control) diet, these
concentrations were summed with the added metals concentrations to estimate the total metal

concentration.

It was important to identify diet-borne concentrations as either dry weight or wet weight. If
not explicitly stated, generally assumptions were not made, and a test was not considered for
TRV development; however, this situation was infrequent. The only exception was if the
methods for preparing the diet explicitly noted that the diet was dried to remove water. In

these cases, it was assumed that the reported concentrations were on a dry weight basis.
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2.5 TOXICITY ENDPOINTS

Among the diet-borne toxicity data gathered, acceptable toxicity endpoints for diet-borne TRV
development were direct measures of survival, growth, and reproduction. Consideration of
these endpoints was consistent with U.S. Environmental Protection Agency (EPA) (USEPA
1985) guidelines for ambient water quality criteria (AWQC) development. Measures of
survival included endpoints that could be considered precursors to mortality, such as loss of
equilibrium and immobilization. Growth-related endpoints included a variety of measures,
such as weight, length, growth rate (e.g., percent weight gain per day), and condition factor
(K= W/L3, where W is wet mass in grams and L is length in centimeters). Toxicity data for
reproductive endpoints were available from only four studies; the measures of reproduction
used in these studies included number of fry per female and spawning success. Any other
biological endpoints (i.e., those that were not direct measures of survival, growth, and
reproduction) evaluated in a study were extracted and reported (but not quantified) as well,
because EPA indicated that other endpoints clearly associated with survival, growth, and
reproduction might be considered for TRV development (USEPA 2016b).

2.6 CONCENTRATION- AND DOSE-RESPONSE RELATIONSHIPS

Both concentration-based toxicity data (expressed as mg/kgaiet dw) and dose-based toxicity
data (expressed as mg/kg bw/day) were compiled. Preferably, doses were calculated from FIR
and body weight information reported in the original study; however, when necessary, a FIR
of 0.037 giood/g bw/day (i.e., 3.7 percent of body weight per day) was assumed.! In ecological
risk assessments, diet-borne TRVs for fish based on concentrations are simpler to apply than
those based on doses, because fewer assumptions are required to evaluate diet-borne
concentrations for the receptor species of interest. The assumptions required to derive and
apply dose-based TRVs can potentially add uncertainty to the analysis. Nevertheless, both
concentration-based and dose-based TRVs were derived, where possible, and both will be
applied in the BERA. Cases in which one method (concentration- or dose-based) produces TRV
exceedances, and the other does not, will trigger an uncertainty analysis to decide which TRV

better represents the targeted threshold response.

To define the targeted threshold response, EPA (USEPA 1985) guidelines for AWQC
development were again used. These guidelines state that chronic toxicity thresholds can be

obtained using either regression analysis or the geometric mean of the no-observed-effect

1 A FIR of 0.037 gfood/g bw/day is the mean of reported FIRs from studies compiled in developing the
fish diet TRVs in the present document (Tables A-1 and A-2 in Appendix A). Species mean FIRs
ranged from 0.0021 to 0.056 gfod/g bw/day, with an arithmetic mean of 0.037 gtood/g bw/day.
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concentration (NOEC) and lowest-observed-effect concentration (LOEC).2 For each diet-borne
toxicity test, it was first determined whether regression analysis could be used to identify a
toxicity threshold. The targeted threshold was a 20 percent effect level, defined as EC20 for
concentration-response data and ED20 for dose-response data. The 20 percent effect level was
selected following EPA precedent in developing AWQC, such as the AWQC for ammonia
(USEPA 2013) and cadmium (USEPA 2016c). Use of the EC20 and ED20 was a point of
conceptual agreement between EPA and Teck American Incorporated (TAI) (USEPA 2016b).

To determine whether EC20s and ED20s from each test could be evaluated, concentration- and
dose-response data were first compiled. EC20s and ED20s were calculated using EPA’s
Toxicity Relationship Analysis Program (TRAP; Version 1.30a). To evaluate concentration- or
dose-response data in TRAP, data for the negative control and a minimum of two diet-borne
treatments were necessary. Otherwise, no a priori conditions were defined. Diet-borne
concentrations and doses were log transformed. With one exception, response data were
entered into TRAP as raw measurements (i.e., treatment response data were not control
normalized). The one exception was when data were pooled from multiple tests with similar
study designs (e.g., same species and similar life stages, exposure durations, and endpoints);

in that case, treatment response data were normalized to their respective negative control.

The nonlinear regression option in TRAP was used to evaluate growth and reproduction data;
the tolerance distribution option was used for survival data. Each option included three types
of models: logistic equation; threshold sigmoid; and piecewise linear for nonlinear regression
and Gaussian distribution, triangular distribution, and rectangular distribution for tolerance
distribution. The sigmoid threshold model was generally selected.> However, the piecewise
linear regression model was sometimes used when only low-growth effects were observed, as
the sigmoid threshold and logistic equation models are sensitive to uncertainty in the tails of
the distributions when high-effects data are lacking. TRAP results were not used if the
program cautioned that the results were acceptable for exploratory analysis only; exceptions
are noted and discussed in Section 3. In some cases when TRAP could not be used to derive
an EC20 or ED20, linear interpolation between diet-borne concentrations bracketing a 20

percent effect level was used to calculate the EC20 or ED20.

If an EC20 or ED20 could not be derived for a test, the lowest test treatment that resulted in an
effect greater than 20 percent was used to define the toxicity threshold for that test. In such
cases, the toxicity threshold was identified as a “less than” value, because a lower

2 The NOEC is the highest concentration tested that did not result in a statistically significant effect
relative to the negative control; the LOEC is the lowest concentration tested that did result in a
statistically significant effect relative to the control.

3 The majority of diet-borne metals studies evaluated a growth-related endpoint.
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concentration/dose would be required to achieve the targeted 20 percent effect level. If none
of the treatments in a test resulted in an effect greater than 20 percent, the highest
concentration/dose was used to define the toxicity threshold. In such cases, the toxicity
threshold was defined as a “greater than” value, because a higher concentration/dose would

be required to achieve the targeted 20 percent effect level.

If multiple toxicity thresholds were identified for a species, the species mean toxicity threshold
was calculated as the geometric mean of the available toxicity thresholds (consistent with EPA
(USEPA 1985) guidance for deriving AWQC). The geometric mean was calculated only for
toxicity thresholds in the same endpoint category (e.g., growth). Within a species and
endpoint, only the strongest (i.e., most reliable) toxicity thresholds relative to the targeted 20
percent effect level were considered in defining the sensitivity of a species. For example, if
there was a reliable EC20 from one test and a “greater than” toxicity threshold from another

test, the EC20 was used to define the sensitivity of that species.

2.7 TOXICITY REFERENCE VALUE DEVELOPMENT

Once concentration- and dose-based toxicity thresholds had been compiled for each metal, and
species mean values calculated as necessary, TRVs were defined as either the 5th percentile of
the species sensitivity distribution (SSD) of species mean toxicity thresholds, or as the lowest
species mean toxicity threshold. An SSD-based approach was used when diet-borne toxicity
data were available for at least eight species. The 5th percentiles of the SSDs were derived
following EPA (USEPA 1985) guidance for AWQC derivation.

2.8 UNCERTAINTIES

In this document, key uncertainties are noted in describing the TRVs for each metal; these
uncertainties may include factors such as the number of species that have been tested,
consistency of results among tests, and any test-specific uncertainties for those that are the
drivers of the TRVs. For EC20s and ED20s calculated using TRAP, 90 percent confidence
intervals (Cls) are provided to quantify uncertainty in those values. For those metals that have
more extensive diet-borne toxicity data, figures comparing all concentration-response data to
the concentration-based TRV provide an overview of the protectiveness of the TRV relative to
all data. The risk characterization for fish in the BERA, including the diet-borne metals line of

evidence, will incorporate an evaluation of uncertainty.
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3 RESULTS

All compiled toxicity data for individual metals, including test information and
concentration-response and dose-response data, are provided in Table A-1 in Appendix A. For
those tests lacking dosing information, the data used to develop an assumed FIR of 3.7 percent
of body weight per day are documented in Table A-2. As discussed, diet-borne TRVs are based
on survival, growth, and reproduction endpoints; other endpoints evaluated in each study are
listed in Table A-3 of Appendix A for information purposes and are summarized in Figures

A-1 through A-10, along with the TRVs, for comparative purposes.

The following subsections are organized by metal. Each section begins with a summary of the
available diet-borne toxicity data for that metal, and the resulting concentration- and dose-
based TRVs are provided. Details on key studies and a description of how the TRVs were

derived follow.

3.1 ALUMINUM

3.1.1  Summary

The diet-borne toxicity of aluminum to fish has been tested in two fish species, Atlantic salmon
(Salmo salar) and rainbow trout (Oncorhynchus mykiss). Test information extracted from these
studies are presented in Table A-1 of Appendix A. No adverse effects of diet-borne aluminum
on fish have been documented at any concentrations tested to date, precluding the calculation
of EC20s. The highest diet-borne aluminum concentration tested in Atlantic salmon was
2,232 mg/kgdaiet dw, which was associated with a 0 percent growth effect (weight gain) relative
to the negative control. Dosing data were not reported, so a dose-based TRV of > 82.5 mg/kg
bw/day based on an assumed FIR of 0.037 gtod/g bw/day was calculated (Section 2.6).

Concentration-based TRV: > 2,232 mg/kgdiet dw
Dose-based TRV: > 82.5 mg/kg bw/day

Because this TRV is associated with a 0 percent effect level, it is useful for interpreting
diet-borne aluminum concentrations that are less than this concentration. However, any
diet-borne aluminum concentrations greater than this TRV would be associated with uncertain
potential risk, because the aluminum concentration that might result in a 20 percent effect level

is unknown.
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3.1.2 Key Studies

Young Atlantic salmon (initial mean weight was 4.8 g) were provided a formulated diet with
nominal aluminum chloride added, resulting in aluminum concentrations ranging from 25 to
2,000 mg/kg ww (Poston 1991). Because the diet was comprised of about 90 percent dry matter,
this corresponded to an aluminum concentration range of 28 to 2,232 mg/kg dw. Fish were fed
according to a hatchery constant of 6.0, with the amount of food increased every 2 weeks over
the 16-week exposure duration. The hatchery constant considered the feed conversion and
length of the fish, and thus could not be converted into a FIR and used to derive the aluminum
dose. Neither growth (weight gain) nor survival were significantly reduced (p > 0.05) relative
to the control in any of the aluminum treatments. The results were a NOEC of 2,232 mg/kgdict
dw (Figure 3-1) and an estimated NOEL of 82.5 mg/kg bw/day based on an assumed FIR of
0.037 gtood/g bw/day (Section 2.6).

Handy (1993a) evaluated the accumulation of diet-borne aluminum in rainbow trout (initial
mean weight was 171 g) through the addition of aluminum sulfate to the diet. A single nominal
aluminum concentration of 10,000 mg/kg dw in a commercial diet was tested. Fish were fed to
satiation once per day for up to 42 days. The author noted that fish consumed about 5 percent
of their body weight per day, although that percentage may have been overstated in the
aluminum treatment, because the fish tended to regurgitate a portion of the food ingested.
Although the focus of the study was on aluminum bioaccumulation in the fish, Handy (1993a)
also reported that only a single fish died, and that body weights were maintained. The diet-
borne NOEC for survival, therefore, was 10,000 mg/kgaiet dw. The associated dose-based
NOEC was not calculated due to uncertainty in the true FIR of the fish. The fish retained only
< 1 percent of the total aluminum, thus demonstrating the low bioavailability of diet-borne

aluminum.

Although empirical data on the bioavailability of aluminum in natural diets are lacking, it is
reasonable that the tests using both forms of aluminum employed in the studies described
above (i.e., aluminum chloride and aluminum sulfate) err on the side of higher bioavailability
and thus are conservative. As noted in Wilson (2012), bioaccumulation and toxicity of
aluminum to aquatic fish are unlikely based on laboratory studies, as well as field studies, in
which there is a lack of aluminum biomagnification in invertebrates, even in those
invertebrates that are expected to be food items for fish in waters that are acidic and have high

aluminum concentrations.

3.1.3 Selection of Aluminum TRVs

Because diet-borne aluminum toxicity data were available for only two species, the diet-borne

concentration- and dose-based TRVs were based on the lowest species mean toxicity
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thresholds of 2,232 mg/kgdaiet dw and 82.5 mg/kg bw/day, respectively, for Atlantic salmon.
Because this concentration and dose were a NOEC and NOEL, respectively, associated with a
0 percent effect, the TRVs were defined as > 2,232 mg/kgdiet dw and > 82.5 mg/kg bw/day. A
dose-based TRV could not be derived.

The aluminum TRV has high uncertainty due to the limited toxicity data available. However,
the diet-borne pathway does not appear to be important for aluminum and fish. Poston (1991)
did not observe statistical differences in aluminum concentrations in carcasses of Atlantic
salmon fed nominal, added aluminum concentrations ranging from 0 to 2,232 mg/kgdi: dw,
suggesting that aluminum bioavailability from the diet is low. There is increased uncertainty
in the dose-based TRV because aluminum doses were estimated based on an assumed

ingestion rate.

3.2 ARSENIC

3.2.1 Summary

All the studies on diet-borne arsenic toxicity to fish have been conducted with rainbow trout;
Table A-1 in Appendix A provides information extracted from these studies. Diet-borne
toxicity data were available from studies in which food items (oligochaetes) were exposed to
waterborne arsenite [As(III)] and arsenate [As(V)], and from studies that used formulated
diets. The concentration- and dose-response data were consistent among studies, so the data

were pooled to derive concentration- and dose-based TRVs.
Concentration-based TRV: 42 mg/kgdiet dw
Dose-based TRV: 0.78 mg/kg bw/day

3.2.2 Key Studies

In the first of a series of four studies on diet-borne arsenic toxicity to juvenile rainbow trout,
Cockell and Hilton (1988) fed juvenile rainbow trout semi-purified diets spiked with either
arsenite (as arsenic trioxide) or arsenate (as disodium arsenate). They also tested diets spiked
with dimethylarsenic acid (a common product of inorganic arsenic detoxification in some
biological systems) and arsanilic acid (used in swine and poultry diets to promote growth).
The latter two arsenic forms were not included in this review, because they were assumed to
be irrelevant to forms of arsenic in the diets of UCR fish. Fish were fed —to satiation 4 times
per day for 8 weeks—concentrations ranging from 180 to 1,477 mg/kgdic dw of arsenite or 137
to 1,053 mg/kgaset dw of arsenate. All diet-borne concentrations of arsenite and arsenate
resulted in significantly reduced (p < 0.05) weight gain relative to the controls, and an EC20 of
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150 mg/kgdiet dw (90 percent CI not available)* was derived for arsenite (a reliable EC20 could
not be derived for arsenate) (Figure 3-2A). Arsenic doses provided in the study resulted in an
ED20 of 2.8 mg/kg bw/day (90 percent CI = 2.4 to 3.2 mg/kg bw/day) for arsenite (again,
however, a reliable ED20 could not be derived for arsenate) (Figure 3-3A).

As a follow-up to Cockell and Hilton (1988), Cockell et al. (1991) evaluated the diet-borne
toxicity of arsenate (as disodium arsenate) to juvenile rainbow trout over a longer exposure
period of 24 weeks. A semi-purified diet was again used, and fish were fed to satiation three
to four times daily. The EC20 and ED20 based on the diet-borne concentrations and doses were
44 mg/kgdgiet dw (90 percent CI = 41 to 48 mg/kgaet dw) and 0.86 mg/kg bw/day (90 percent
CI=0.79 to 0.93 mg/kg bw/day), respectively (Figures 3-2B and 3-3B).

In a third study, Cockell et al. (1992) evaluated the hepatobiliary and hematological effects of
diet-borne arsenate (as disodium arsenate) on juvenile rainbow trout; as part of this study,
weight gain was also reported. Fish were fed, to near satiation, a semi-purified diet amended
with arsenate three to four times per day, for 12 weeks. Although only two arsenate
concentrations were tested, which imparted greater uncertainty in deriving an EC20, the EC20
was 42 mg/kgdiet dw (90 percent CI = not available) (Figure 3-2C), which was comparable to the
EC20 of 44 mg/kgdgiet dw from Cockell et al. (1991). The dose-based ED20 was 0.41 mg/kg
bw/day (90 percent CI = not available) (Figure 3-3C), approximately one-half of that derived
from Cockell et al. (1991).

Cockell and Bettger (1993) conducted a fourth study that evaluated gall bladder pathology in
juvenile rainbow trout exposed to arsenate (as disodium arsenate), again reporting the
influence of arsenate on weight gain. Fish were fed the control diet and a diet with an arsenate
concentration of 58 mg/kg dw to near satiation three to four times per day for 12 weeks. Fish
fed the arsenic diet had significantly reduced (p < 0.05) weight gain relative to the control.
However, an EC20 could not be derived because only a single treatment concentration was
tested.

Given the similarity of responses in the studies conducted by Cockell and colleagues (Cockell
et al. 1991, 1992; Cockell and Bettger 1993; Cockell and Hilton 1988), these data were pooled in
order to derive a pooled EC20 and ED20. Because weight gain was reported based on different
exposure durations and fish of different sizes at test initiation, weight gain in each arsenic
treatment was first adjusted as a percentage of the respective controls. The pooled data

resulted in consistent concentration response relationships, an EC20 of 38 mg/kgdiet dw

¢+ TRAP provided lower and upper 95 percent confidence limits that were equal to the EC20.

Windward 3-4



Upper Columbia River
Fish Diet Toxicity Reference Values for the FINAL
Baseline Ecological Risk Assessment April 2019

(90 percent CI = 33 to 43 mg/kgdaiet dw) (Figure 3-2D), and an ED20 of 0.59 mg/kg bw/day (90
percent CI = 0.35 to 1.0 mg/kg bw/day) (Figure 3-3D).

More recently, Erickson et al. (2010, 2011) evaluated the diet-borne toxicity of arsenic
biologically incorporated into oligochaete worms (Lumbriculus variegatus). Erickson et al.
(2010) fed juvenile rainbow trout worms that had been exposed to either waterborne arsenite
or arsenate. The resulting diet-borne arsenic concentrations were 28 and 61 mg/kg dw in
oligochaetes exposed to waterborne arsenite concentrations of 1,500 and 3,200 ug/L,
respectively, and 40 and 76 mg/kg dw in oligochaetes exposed to waterborne arsenate
concentrations of 3,900 and 7,900 ug/L, respectively. Growth was reduced in all treatments
(Figures 3-2E and 3-3E). Erickson et al. (2011) tested a greater number of diet-borne arsenic
treatments, as well as combined diet-borne and waterborne arsenic exposures. No reliable
EC20 or ED20 could be calculated, but growth decreased as diet-borne arsenic concentrations
and doses increased (Figures 3-2F and 3-3F). The waterborne arsenic concentrations combined
with the diet-borne concentrations were very high, ranging from 8,400 to 33,000 ug/L. Given
that added toxicity was observed at these very high concentrations, the tests with combined

diet-borne and waterborne arsenic exposures were excluded from TRV development.

3.2.3 Selection of Arsenic TRVs

The arsenate data from all four studies conducted by Cockell and colleagues (Cockell et al.
1991, 1992; Cockell and Bettger 1993; Cockell and Hilton 1988) and all data from Erickson et
al. (2010, 2011) were pooled, resulting in diet-borne and dose-based TRVs of 42 mg/kgdiet dw
(90 percent CI =37 to 49 mg/kgdie dw) and 0.78 mg/kg bw/day (90 percent CI=0.53 to 1.1 mg/kg
bw/day), respectively (Figures 3-4A and 3-4B). The diet-borne arsenite data from Cockell and
Hilton (1988) were excluded, because this form of arsenic was less toxic in the semi-purified
diet. In contrast, Erickson et al. (2010) observed that the form of waterborne arsenic to which
oligochaetes were exposed had negligible influence on toxicity (i.e., levels of response
followed a similar pattern regardless of form) when the worms were fed to rainbow trout
(Figures 3-2E and 3-3E). Erickson et al. (2011) reported that absorbed arsenate was largely
reduced to arsenite, with no measurable conversion to organoarsenic species. This suggests
that total arsenic toxicity to a fish will be similar, regardless of the form of arsenic in the water

column to which its food items are exposed.

The concentration- and dose-based arsenic TRVs have high uncertainty because data are only
available for rainbow trout. However, the sensitivity of rainbow trout to diet-borne arsenic has
low uncertainty due to consistency in the concentration- and dose-response data from multiple

laboratories and diet types (synthetic and natural).
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3.3 CADMIUM

3.3.1  Summary

Studies on diet-borne cadmium toxicity were identified for eight freshwater fish species;
information from these studies is presented in Table A-1 of Appendix A. Rainbow trout was
the species most extensively studied, with diet-borne cadmium toxicity data available from a
total of eight individual tests. The diet-borne toxicity thresholds for rainbow trout were
variable, with several tests showing no significant effects at the highest concentration tested.
Ultimately, a single test from which an EC20 and ED20 could be derived was used to represent
the sensitivity of rainbow trout. (Section 3.3.2 details how the results from this test relate to
those from other tests with rainbow trout). A southeast Asia hybrid catfish (Clarias
macrocephalus x C. gariepinus) had the lowest diet-borne cadmium toxicity threshold. Because
toxicity data were available for eight fish species, the 5% percentile of the SSD was used to

derive the concentration- and dose-based TRVs.
Concentration-based TRV: 8.1 mg/kgdict dw

Dose-based TRV: 0.023 mg/kg bw/day

3.3.2 Key Studies

The fish species tested to date are generally insensitive to diet-borne cadmium, with toxicity
thresholds in the hundreds to thousands of mg/kg dw. The key sensitive species for TRV
consideration are rainbow trout and the southeast Asia hybrid catfish. The latter is obviously
not native to North America, but the possibility that it could be representative of North
American species cannot be dismissed (i.e., there is no a priori basis for why it may be more or

less sensitive to diet-borne cadmium).

The sensitivity of rainbow trout to diet-borne cadmium is highly variable. In one test,
significant effects were observed at a diet-borne concentration of 11.6 mg/kgdiet dw as cadmium
nitrate, while in another test, no significant effects were observed at a diet-borne concentration
of 519 mg/kgdiet dw as cadmium nitrate. Some of the differences may be attributable to whether
the diet was formulated and spiked with cadmium, or contained biologically incorporated
cadmium. However, relatively high no-effect thresholds were observed in tests using both diet
types. Other differences may be attributable to the calcium concentration in the diet, because
increased calcium concentrations limit the uptake of cadmium. This effect was apparent in one
study that explicitly evaluated the influence of calcium, but results were not consistent with

other studies of the same diet.
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The lowest rainbow trout LOEC of 11.6 mg/kgdiet dw (associated with a 90 percent reduction
in growth relative to control) was based on a study that evaluated the effects of diet-borne
cadmium in a low-calcium diet (0.8 mg/g dw) versus a high-calcium diet (76.2 mg/g dw)
(Ng et al. 2009). No statistically significant (p > 0.05) effects were observed when trout fed a
diet-borne cadmium concentration of 9.6 g/kgdaet dw were provided the high-calcium diet
(associated with a 22 percent reduction in growth relative to the control) (Table 3-1). The diet
consisted of oligochaete worm pellets that had been amended with cadmium nitrate (and
calcium for the high-calcium treatment). For comparison to the calcium concentrations in the
test diets, calcium concentrations in potential UCR food items include means of 146 (range was
105 to 173 mg/g dw in crayfish) (Bott 2015); 191 (range was 130 to 252 mg/g dw in crayfish
based on a mean moisture content of 77 percent) (Windward 2018); 52 (range was 21 to
106 mg/g dw in mussels based on a mean moisture content of 91 percent) (Windward 2018);
and 30 (range was 3 to 62 mg/g dw in fish) (CH2M HILL and E&E 2007; Exponent et al. 2013).
Thus, the calcium concentrations in UCR crayfish exceed the high-calcium diet tested by Ng
et al. (2009), and although the calcium concentrations in UCR fish do not exceed the high-
calcium diet, the concentrations are well above the low-calcium diet of concentration of

0.8 mg/g dw.

In other rainbow trout studies where cadmium was biologically incorporated into an
oligochaete diet (based on oligochaete exposure to waterborne cadmium), there were no
significant effect concentrations that were much greater than 11.6 mg/kgdiet dw (Table 3-1). One
of these studies, Ng and Wood (2008), reported the only bounded NOEC and LOEC values
available for rainbow trout—13.8 (0 percent effect) and 189.4 (50 percent effect) mg/kg dw,
respectively. For this test, TRAP was used to derive an EC20 of 67.0 mg/kgaiet dw (90 percent
CI = not available) and an ED20 of 0.36 mg/kg bw/day (90 percent CI = not available)
(Table 3-1). Although the model cautioned that the results should only be used for exploratory
analysis, these values are considered to provide the best estimate of the toxicity threshold from
this test. Potential alternatives for deriving the threshold from this test would have resulted in
either a similar or a less conservative threshold. For example, use of the geometric mean of the
NOEC and LOEC (51 mg/kgdiet dw) would have resulted in a similar threshold but with an
undefined level of effect, and use of the LOEC alone (189 mg/kgdiet dw) would have resulted
in a higher threshold and a 50 percent level of effect.

The most sensitive species was the southeast Asia hybrid catfish, which had a LOEC of
16.48 mg/kgaiet dw and a LOEL of 0.124 mg/kg bw/day based on a 19 percent reduction in
growth compared to the control (a corresponding NOEC was not available). The next highest
diet-borne cadmium concentration tested was 56.6 mg/kgdiet dw, which resulted in a 22 percent

reduction in growth relative to the control. The diet was composed of cladocerans (Moina
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macrocopa) that had been exposed to waterborne cadmium. Using TRAP, an EC20 of
8.9 mg/kgdiet dw (90 percent CI = not available) was derived, but the model again cautioned
that the results should only be used for exploratory analysis. Because the LOEC and LOEL
were associated with a 19 percent level of effect, the LOEC of 16.48 mg/kgdiet dw and LOEL of
0.124 mg/kg bw/day were assumed to provide reasonable approximations of the EC20 and
ED20 for the hybrid catfish.

3.3.3 Selection of Cadmium TRVs

Cadmium toxicity thresholds were available for eight species; therefore, the concentration-
based TRV of 8.1 mg/kgdict dw and dose-based TRV of 0.023 mg/kg bw/day were based on the
5% percentiles of their respective SSDs (Figure 3-5 data points are based on the species mean

diet-borne concentrations and doses in Table 3-1.).

Uncertainty in the protectiveness of the concentration- and dose-based cadmium TRVs is
considered low. With diet-borne toxicity data available for eight species, cadmium is unique
among most metals analyzed, which have data for one or two species or none at all. The
sensitivity of fish to diet-borne cadmium is highly variable, with toxicity thresholds ranging
over two orders of magnitude (Figure 3-5). When considering all of the concentration-response
data compiled, no adverse responses were observed in all of the treatments that tested

cadmium concentrations less than the diet-borne TRV of 8.1 mg/kgadiet dw (Figure 3-6).

Furthermore, as noted, the most sensitive species was a southeast Asia hybrid catfish. A diet-
borne cadmium concentration of 16.48 mg/kgaee dw (dose of 0.124 mg/kg bw/day) was
associated with a 19 percent reduction in wet weight, while a diet-borne concentration of
56.6 mg/kgaet dw (dose of 0.425 mg/kg bw/day) was associated with a slightly higher
22 percent reduction in wet weight. For comparison, the second most sensitive species,
rainbow trout, had an EC20 of 67 mg/kgde: dw (dose of 0.36 mg/kg bw/day). The cadmium
TRVs were based on the more conservative interpretation of the southeast Asia catfish hybrid
data — the lower concentration associated with a 19 percent effect. Although the level of
uncertainty pertaining to the rainbow trout dietary toxicity threshold is high, the selected TRV

is sufficiently conservative to account for that uncertainty.

3.4 CHROMIUM(III)

3.41 Summary

For diet-borne chromium as chromium(III), toxicity data are limited to three fish species: carp
(Cyprinus carpio), rainbow trout, and tilapia (Oreochromis niloticus x O. aureus). These studies

were designed to identify a diet-borne chromium concentration to optimize growth in support
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of aquaculture, but they can still be useful for identifying toxicity thresholds because they were
likewise designed to identify concentrations that have a negative influence on growth.
Information extracted from the chromium toxicity studies is presented in Table A-1 of
Appendix A. Based on the limited diet-borne toxicity data available for chromium(III), the
concentration-based TRV was set equal to a diet-borne chromium concentration of
3.9 mg/kgdiet dw, which was associated with a 20 percent effect level in juvenile carp; the dose-

based TRV was set equal to the corresponding dose of 0.074 mg/kg bw/day.
Concentration-based TRV: 3.9 mg/kgdiet dw
Dose-based TRV: 0.074 mg/kg bw/day

3.4.2 Key Studies

Ahmed et al. (2012) fed juvenile carp formulated diets with chromium(IIl) concentrations of
1.1 (control), 2.0, and 3.9 mg/kgdaiet dw (or 0.69, 1.2, and 2.5 mg/kg ww) (as chromium chloride)
for 8 weeks. Based on a study-specific FIR of 0.03 gmod/g bw/day, these diet-borne
chromium(III) concentrations, on a wet weight basis, resulted in doses of approximately 0.021,
0.037, and 0.074 mg/kg bw/day, respectively. The highest diet-borne concentration/dose
resulted in a 20 percent reduction in the carp growth rate, which was statistically significant

(p <0.05) compared to the control.

In a similar study, Tacon and Beveridge (1982) fed juvenile rainbow trout formulated diets
with chromium(IIl) concentrations of 1.7 (control), 2.7, 6.5, and 9.1 mg/kg dw (as chromium
chloride) for 8 weeks. Based on the reported FIRs in each treatment, along with the median of
the initial and final body weights, diet-borne chromium(Ill) doses of 0.04, 0.06, 0.14, and
0.22mg/kg bw/day, respectively, were calculated. The highest concentration/dose
significantly reduced (p < 0.05) the growth rate of the fish. The EC20 and ED20 based on diet-
borne concentrations and doses were 8.1 mg/kgdiet dw (90 percent CI = 0.80 to 81 mg/kgdict dw)
and 0.17 mg/kg bw/day (90 percent CI = 0.011 to 2.7 mg/kg bw/day), respectively (Figure 3-7).

In a third 8-week growth study, Shiau and Lin (1993) fed a tilapia hybrid formulated diets
containing either 40 percent glucose or 40 percent starch. A diet-borne chromium(III)
concentration of 1.8 mg/kgdiet dw (as chromium chloride) and a corresponding chromium(III)
dose of 0.09 mg/kg bw/day in each diet type increased weight gain by 18 percent and 8 percent,
for the 40 percent glucose diet and 40 percent starch diet, respectively, relative to their

respective controls.
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3.4.3 Selection of Chromium TRVs

An EC20 of 8.1 mg/kgaiet dw and ED20 of 0.17 mg/kg bw/day were calculated for rainbow
trout. An EC20 and ED20 could not be derived for carp due to insufficient concentration- and
dose-response data, but the highest tested concentration of 3.9 mg/kgae dw (dose of
0.074 mg/kg bw/day) resulted in a 20 percent reduction in growth. Because the concentration
and dose for carp were less than the EC20 and ED20 calculated for rainbow trout, and because
the former were based on a 20 percent effect level, the concentration- and dose-based dietary

chromium(IIl) TRVs were set equal to 3.9 mg/kgdiec dw and 0.074 mg/kg bw/day, respectively.

Diet-borne chromium toxicity data for fish are limited to three species. The tests for these three
species were all conducted using laboratory-formulated diets spiked with chromium(III)
chloride, so diet-borne chromium toxicity in a natural diet has not been evaluated to date.
Uncertainty in the chromium TRV (3.9 mg/kgdiet dw and 0.074 mg/kg bw/day based on carp)
is high due to the limited data available, but uncertainty in its protectiveness is considered
low, because a slightly lower diet-borne concentration and dose (2.0 mg/kgaet dw and
0.037 mg/kg bw/day, respectively) resulted in enhanced carp growth (Ahmed et al. 2012).
Furthermore, the concentration- and dose-based TRVs are less than a chromium concentration
(3.9 mg/kgdiet dw) and dose (0.13 mg/kg bw/day) that did not result in any effects on the growth
of rainbow trout (Table A-1).

3.5 COPPER

3.5.1 Summary

Studies on diet-borne copper toxicity were identified for eight freshwater fish species;
Table A-1 of Appendix A presents information derived from these studies. Several species,
however, only had “greater than” NOECs that were associated with low levels of effect relative
to the control (Table 3-2). Because the species with toxicity thresholds based on no-effect
concentrations were the lowest in the SSD, the concentration-based TRV was based on the
lowest species mean EC20 of 666 mg/kgdaee dw for Atlantic salmon, rather than the
5th percentile of the SSD. The dose-based copper TRV was set equal to < 21.2 mg/kg bw/day,
which was the dose that resulted in an effect > 20 percent in common carp (in this case, a

36 percent reduction in growth).
Concentration-based TRV: 666 mg/kgdict dw

Dose-based TRV: < 21.2 mg/kg bw/day
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3.5.2 Key Studies

The three lowest concentration-based toxicity thresholds for species in the SSD were all based
on NOECs and NOELs (Figure 3-8 data points are based on the species mean diet-borne
concentrations and doses in Table 3-2.). The species with the lowest concentration-based
threshold was the fathead minnow (Pimephales promelas), which had NOECs of 156, 156, and
216 mg/kgdiet dw associated with growth reductions of 0, 2, and 0 percent, respectively, relative
to their respective controls (Table 3-2). In all three tests, minnows were fed an oligochaete diet
in which worms had previously been exposed to waterborne copper (as copper sulfate). The
species with the second-lowest concentration-based threshold in the SSD was channel catfish,
which had a NOEC of 40 mg/kgdiet dw based on a formulated diet containing copper sulfate,
and a NOEC of 246 mg/kgdiet dw based on a diet of oligochaetes that had been exposed to
copper sulfate. These two NOECs were based on growth reductions of 2 and 3 percent,
respectively, compared to their respective controls (Table 3-2). The species with the third-
lowest concentration-based threshold in the SSD was a hybrid striped bass (Morone chrysops x
Morone saxatilis), which had a NOEC of 571 mg/kgaiet dw (as copper sulfate) in both freshwater-
and saltwater-acclimated fish. This NOEC was associated with growth reductions of 16 and

17 percent relative to controls in freshwater and saltwater striped bass, respectively (Table 3-2).

The most sensitive species for which effects greater than 20 percent were observed was
Atlantic salmon. A concentration-based EC20 of 666 mg/kgdaiet dw (90 percent CI = 309 to
1,434 mg/kgaiet dw) and a dose-based ED20 of 22.6 mg/kg bw/day (90 percent CI = 10.5 to
48.7 mg/kg bw/day) were derived from Berntssen et al. (1999a) based on exposure to copper
sulfate in the diet (Figure 3-9).

Definitive dose-based toxicity thresholds (i.e., those not based on “greater than” no-observed-
effect levels [NOELs]) expressed as species mean values ranged from 21.2 to 72.8 mg/kg
bw/day among five fish species. The lowest toxicity threshold was for carp, which were fed
formulated diets with copper concentrations of 1,000 and 2,000 mg/kgdiet dw (as copper sulfate)
at rates of 0.0108 and 0.0106 gaict/g bw/day, respectively, for 42 days (Ajani and Akpoilih 2012).
This regimen resulted in doses of 10.8 and 21.2 mg/kg bw/day. The lower dose was a NOEL at
which weight gain increased relative to controls, and the higher dose was a lowest-observed-
effect level (LOEL) at which weight gain significantly reduced (by 36 percent) relative to
controls (p < 0.05). Because it was not possible to estimate a 20 percent effect level from these
data, the dose-based toxicity threshold from this test was set equal to the dose that resulted in

a 36 percent reduction in growth relative to controls (21.2 mg/kg bw/day).
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3.5.3 Selection of Copper TRVs

Concentration- and dose-based SSDs were initially developed because diet-borne toxicity data
were available for eight species; however, the three lowest species mean toxicity values were
all NOECs and NOELs associated with low levels of effect (Figure 3-8; Table 3-2). Because the
5th percentiles of the SSDs were driven by no-effect concentrations or doses, the concentration-
and dose-based TRVs for copper were selected based on toxicity data for the most sensitive
species with effects data equal to or near the targeted effect level of 20 percent. The resulting
concentration-based copper TRV was based on the EC20 of 666 mg/kgdiec dw for Atlantic
salmon, and the dose-based copper TRV was set equal to < 21.2 mg/kg bw/day based on the
dose that resulted in an effect > 20 percent in common carp (in this case, a 36 percent reduction
in growth). The ED20 of 22.6 mg/kg bw/day for Atlantic salmon was greater than the ED20 of
<21.2 mg/kg bw/day, so the latter was conservatively identified as the dose-based copper TRV.

Diet-borne copper toxicity data were compiled for eight fish species, including two species of
salmonids (Atlantic salmon and rainbow trout). The rainbow trout dataset was particularly
robust, with a total of 13 studies identified. It was possible to calculate EC20 and ED20 values
for both salmonid species, which were similar (Figure 3-8; Table A-1). In addition, diet-borne
copper EC20 values were similar between rainbow trout provided formulated diets and those
provided brine shrimp diets amended with copper. Uncertainty in the protectiveness of the
concentration- and dose-based copper TRVs is considered low, given the number of species

tested and the consistency of the concentration- and dose-response data.

When considering all of the concentration-response data, the only treatments with effects
greater than 20 percent relative to the control at diet-borne concentrations less than the TRV
of 666 mg/kgdiet dw were from the rainbow trout study by Julshamn et al. (1988) (Figure 3-10).
The test described in Julshamn et al. (1988) was 1 of 16 growth tests with rainbow trout
compiled in the present evaluation. In that study, high variability in trout growth was
observed in fish fed the control and copper-amended diets, which resulted in a NOEC and
LOEC of 810 and 990 mg/kgdiet dw, respectively. This, and all of the data compiled, indicates
that the diet-borne TRV is protective of the targeted level of protection.

3.6 IRON

No diet-borne TRV was developed for iron due to the lack of data. However, as a point of
comparison, iron requirements in fish range from 30 to 170 mg/kgaie: dw (Watanabe et al. 1997).

Iron is not expected to be a constituent of concern in fish diets.
Concentration-based TRV: not available

Dose-based TRV: not available
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3.7 LEAD

3.7.1 Summary

Diet-borne lead toxicity data were identified for four fish species, as presented in Table A-1 of
Appendix A. Consequently, the concentration- and dose-based lead TRVs were based on the
most sensitive endpoint and species, which was a 21 percent reduction in juvenile rainbow

trout growth relative to the control.
Concentration-based TRV: 111 mg/kgdiet dw

Dose-based TRV: 1.9 mg/kg bw/day

3.7.2 Key Studies

Few studies have observed diet-borne lead toxicity in fish at the concentrations and doses
tested. When evidence of toxicity has been observed, there have been conflicting data within

the same species.

Alsop et al. (2016) fed juvenile rainbow trout oligochaete worms previously exposed to
waterborne lead concentrations of 0.1 (control), 6.0, 11.7, 53.5, or 123.8 ug/L (as lead nitrate. In
one test, rainbow trout were fed the lead diets in control water (the diet-only test); in a second
test, rainbow trout were simultaneously exposed to diet-borne lead and the water to which the
fish’s food had been exposed (the diet+water test). The exposure duration was 7 weeks in both
tests. In the diet-only test, the growth rate was reduced by 29 percent relative to the control at
the highest diet-borne concentration tested (728 mg/kgaiet dw; dose of 12.4 mg/kg bw/day); in
the diet+water test, the growth rate was reduced by 21 percent relative to the control at the
same diet-borne concentration (728 mg/kgdsee dw) and a waterborne concentration of
119.5 ug/L (Figure 3-11). None of these growth reductions was statistically significant relative
to the control (p > 0.05). An EC20 of 111 mg/kgdiet dw and ED20 of 1.9 mg/kg bw/day could be
calculated from the diet-only test, but an EC20 could not be calculated from the diet+water test
(Meaningful CIs on the EC20 and ED20 could not be calculated given the low level of effects
across all lead treatments.). Alsop et al. (2016) noted that diet-borne lead exposure may have
protected juvenile rainbow trout from bioaccumulation via waterborne exposures, and from

disruption of sodium ion homeostasis.

The maximum surface water lead concentration measured in the UCR in 2009/2010 was
0.329 pug/L (Exponent and Parametrix 2013), a value less than the lowest waterborne lead
concentration of 8.2 ug/L to which rainbow trout were exposed in the diet+water test (and
similar to the control). As such, it was concluded that the diet-only test was more appropriate
for the development of diet-borne lead toxicity thresholds for the UCR (an EC20 of
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111 mg/kgdaiet dw and an ED20 of 1.9 mg/kg bw/day). Given the nature of the concentration-
and dose-response data, these EC20 and ED20 values appear to be conservative, as a diet-borne
concentration of 309 mg/kgdic: dw and a dose of 5.4 mg/kg bw/day were associated with growth

rate reductions of 14 percent (i.e., < 20 percent).

In Nile tilapia, Ayyat et al. (2003) reported statistically significant (p <0.001) 9 and 17 percent
reductions in weight relative to the control when fish (6.7 g) were fed formulated diets with
lead concentrations of 349 and 667 mg/kgdit dw (as lead oxide), respectively, for 4 months. The
corresponding lead doses for these diet-borne concentrations were 3 and 6 mg/kg bw/day,

respectively.

In contrast, Dai et al. (2009) did not observe any significant effects (p > 0.05) on Nile tilapia
growth rate when fish (~32 g) were fed a formulated diet with concentrations of lead (in an
unreported form) up to 800 mg/kgdi. dw for 60 days; weight gain was reduced by 2 to 6 percent
relative to the control. It is possible that a growth effect was observed by Ayyat et al. (2003),
because those fish were smaller (i.e., younger) at test initiation (6.7 g vs. ~32 g) and the duration
was longer (4 months vs. 60 days). Thus, the sensitivity of Nile tilapia was set equal to the diet-
borne lead concentration and dose that resulted in a 17 percent reduction in weight
(667 mg/kgdie: dw and 6 mg/kg bw/day), because this was a close approximation of a 20 percent
effect level (Table 3-3).

3.7.3 Selection of Lead TRVs

The concentration-based diet-borne lead TRV was set equal to the EC20 of 111 mg/kgdiet dw
from the diet-only test in Alsop et al. (2016), and the dose-based TRV was set equal to the
corresponding ED20 of 1.9 mg/kg bw/day (Figure 3-11). As noted, these EC20 and ED20 values
are conservative relative to the empirical data due to the nature of the concentration- and dose-
response curves (in which a higher concentration and dose result in effects < 20 percent).
Furthermore, with one exception, the lowest diet-borne lead concentration resulting in a more
than 20 percent reduction in growth relative to controls for any of the four fish species with
diet-borne lead toxicity data was 728 mg/kgdiec dw (which was not significantly different [p >
0.05] from the control) (Figure 3-12). The one exception was in the rainbow trout diet+water
exposure reported in Alsop et al. (2016), in which a 21 percent reduction in growth rate was
observed at a diet-borne concentration of 35.3 mg/kgdiet dw (waterborne lead concentration
was 8.2 pg/L), although no reductions in growth rate were observed at the next two highest
diet-borne concentrations of 68.8 mg/kgdee dw (20.2 pg lead/L) and 315 mg/kgdie: dw
(68.7 ug/L). As such, the lead TRVs of 111 mg/kgdiec dw and 1.9 mg/kg bw/day are considered

to be conservative.
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3.8 MANGANESE

A diet-borne TRV was not developed for manganese due to a lack of data. Manganese
requirements in fish ranged from 2 to 20 mg/kgdaiec dw (Watanabe et al. 1997). As found for

iron, manganese is not expected to be a constituent of concern in fish diets.
Concentration-based TRV: not available

Dose-based TRV: not available

3.9 MERCURY

3.9.1 Summary

Most of the mercury in fish is methylmercury, which most wild fish obtain from their food
(Sandheinrich and Wiener 2011). As such, diet-borne TRVs for mercury were developed based
on toxicity data for methylmercury. A recent review by Depew et al. (2012) provided a detailed
examination of diet-borne methylmercury toxicity data for fish and a recommendation for a
diet-borne methylmercury toxicity threshold. That review afforded the initial basis for the
concentration- and dose-based TRVs developed for methylmercury. Readers are referred to
that study for a broader review of diet-borne methylmercury toxicity data for fish; the key

studies used for TRV development are discussed below.
Concentration-based TRV: 0.26 mg/kgdiet dw
Dose-based TRV: 0.013 mg/kg bw/day

3.9.2 Key Studies

Depew et al. (2012) compiled methylmercury toxicity data based on endpoints of survival,
growth, development, reproduction, and altered biochemical and behavioral effects.
Ultimately, Depew et al. (2012) determined that the highest NOEC and lowest LOEC for
reproductive effects following diet-borne exposure to methylmercury were 0.04 and
0.05 mg/kgdaiet ww, respectively. The authors recommended 0.04 mg/kgaiet ww as a diet-borne

toxicity threshold for methylmercury.

The NOEC of 0.04 mg/kgasee ww, as tabulated by Depew et al. (2012), was based on
measurements of the gonadosomatic index (GSI) in walleye (Sander vitreus) fed
methylmercury in a synthetic diet. The study was described by Friedmann et al. (1996), and
the diet-borne concentration of 0.04 mg/kgaiet ww (as mercury) was the concentration in the
control diet; thus, this concentration was not truly a NOEC as defined by Depew et al. (2012).

Furthermore, 0.04 mg/kgdsiee ww was actually a “less than” concentration, because

Windward 3-15



Upper Columbia River
Fish Diet Toxicity Reference Values for the FINAL
Baseline Ecological Risk Assessment April 2019

methylmercury was not detected at this detection limit. The methylmercury treatment
concentrations tested were 0.137 and 0.987 mg/kgdset ww (as mercury). None of the two
methylmercury treatments resulted in a GSI value with a significantly lower mean than the
control (p > 0.05), although the authors noted that the mean GSI value was significantly lower
than the control when the two methylmercury treatments were pooled, thereby increasing
statistical power. However, a reproductive toxicity threshold could not be developed, because
no significant effects were observed for individual methylmercury treatments, and insufficient

data were available to consider calculation of an EC20 or other effects concentration.

The basis for the reproductive LOEC of 0.05 mg/kgdiet ww is unclear, because a reproductive
LOEC of 0.05 mg/kgdiet ww was not tabulated by Depew et al. (2012). Rather, a LOEC of
0.05 mg/kgdiet ww based on altered behavior of Atlantic croaker (Micropogonias undulates)
larvae from parent fish fed diet-borne methylmercury was tabulated; this LOEC was based on
the study described by Alvarez et al. (2006). In that study, adults were fed diets, ad libitum for
30 days, with methylmercury concentrations of 0, 0.05, and 0.1 mg/kgaiec ww. Fish were then
spawned, eggs were collected, and hatched larvae were used for behavioral tests. The
behaviors analyzed were routine behavior (e.g., rate of travel, active swimming speed) and
startle response to visual stimuli and vibratory stimuli (e.g., responsiveness, reactive distance,
response distance, response duration). Some behavioral responses were significantly different
(p £0.05) in larvae from methylmercury-exposed parent fish compared to the control, such as
activity levels and some responses to vibratory stimuli, but other responses were not (p > 0.05),
such as responses to visual stimuli. Thus, a behavioral LOEC would be 0.20 mg/kgdi: dw, if a
moisture content of 75 percent were assumed. (The 0.05 mg/kgdiet ww diet was based on blue

marlin muscle.)

Because the endpoints of interest were survival, growth, and reproduction per the BERA work
plan (Parametrix et al. 2011), the next lowest toxicity thresholds summarized by Depew et al.
(2012) were considered for TRV development: 0.218 and 0.22 mg/kg ww for the fathead
minnow based on Hammerschmidt et al. (2002), Drevnick and Sandheinrich (2003), and
Sandheinrich and Miller (2006). These diet-borne concentrations were 0.87 and 0.88 mg/kg (as
mercury) on a dry weight basis, as reported in the original studies. These studies were
conducted in the same laboratory and had similar test designs and concentrations. Diet-borne
methylmercury concentrations up to 8.5 mg/kgdaiet dw (as mercury) did not have any adverse
effects on survival and growth, but impaired reproduction (i.e., spawning success) was
observed at diet-borne concentrations of 0.87 and 0.88 mg/kgdaiet dw (as mercury). Because
models in TRAP could not be fit to the data, linear interpolation was used to estimate EC20

values that ranged from 0.32 to 0.48 mg/kgdit dw (as mercury), with a geometric mean of
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0.39 mg/kgdiet dw (as mercury) (Figure 3-13). CIs on the EC20 values were not calculated

because they were derived using linear interpolation.

3.9.3 Selection of Mercury TRVs

The review by Depew et al. (2012) identified studies of the reproductive or growth-related
effects of diet-borne methylmercury on 23 endpoints and 10 species of freshwater and
brackish/marine fish. An SSD using the fathead minnow EC20 of 0.39 mg/kgaet dw (as
mercury), as well as growth- and reproduction-based toxicity data for the four other
freshwater species and five saltwater/brackish species reported in Depew et al. (2012), was
developed and used to derive a 5th percentile of 0.26 mg/kgaiet dw (Figure 3-14). This value
was identified as the concentration-based TRV. A dose-based TRV of 0.013 mg/kg bw/day was
also calculated based on the fathead minnow ingestion rate of 5 percent of body weight from
Drevnick and Sandheinrich (2003). The TRVs are conservative for other fish species, which
have, for example, diet-borne toxicity thresholds that are 8- to 240-fold greater (Figure 3-14).
Notably and of particular relevance in the UCR, white sturgeon is the least sensitive species
tested (Figure 3-14).

3.10 NICKEL

3.10.1 Summary

Diet-borne toxicity data for nickel are limited to lake whitefish (Coregonus clupeaformis), three
Asian species in the carp family (Catla catla, Labeo rohita, and Cirrhina mrigala), and zebrafish
(Danio rerio). Information extracted from studies on nickel toxicity is presented in Table A-1 of
Appendix A. The concentration- and dose-based lead TRVs were based on the most sensitive
endpoint and species, which was a 59 percent reduction in carp (C. catla) growth relative to the

control.
Concentration-based TRV: < 70.4 mg/kgdiet dw

Dose-based TRV: < 3.9 mg/kg bw/day

3.10.2 Key Studies

In the lake whitefish study, Ptashynski et al. (2002) fed adults a formulated diet with measured
nickel concentrations ranging up to 1,100 mg/kgade: dw (as nickel sulfate) for 104 days. Diets
were dried to remove water, as described in Ptashynski and Klaverkamp (2002), so it was
assumed that concentrations were on a dry weight basis. Diet-borne nickel concentrations had
no effect on the condition factor ([final body weight/final fork length®]x100) of exposed fish, as
shown by lack of response relative to the control (Figure 3-15).
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Diet-borne nickel toxicity to Asian carp species has been evaluated in a series of studies by the
same research group. Shafiq et al. (2012) fed 45-, 65-, and 90-day-old C. mrigala formulated
diets with reported diet-borne nickel concentrations of 79.1, 83.2, and 88.8 mg/kgdiet dw (as
nickel chloride), respectively, for 12 weeks. The diet was not described and the moisture
content of the diet was not provided; however, previous studies on carp from the same
laboratory have used a pelleted feed (Naz and Javed 2013), so it was assumed that the
formulated diet had a low moisture content and that nickel concentrations were on a dry
weight basis. Along with the diet-borne exposure, 45-, 65- and 90-day-old carp were
simultaneously exposed to aqueous nickel concentrations of 21,930, 26,410, and 29,430 ug/L,
respectively. These nickel concentrations were defined by the authors as sub-lethal
concentrations for this species, but, for perspective, these concentrations are two orders of
magnitude greater than chronic AWQC for nickel. The toxicity data are difficult to interpret,
as it appears that mean growth-related measurements were first tabulated based on the
combined dataset for control and nickel-exposed fish. However, the mean weight increase and
other growth-related parameters were also tabulated, and significant (p < 0.05) reductions in
the nickel-exposed fish compared to the control fish were observed (the basis for the mean

values is unclear based on the data provided).

In a subsequent study with a study design similar to the one used by Shafiq et al. (2012), Javed
(2013) fed C. catla, L. rohita, and C. mrigala formulated diets with diet-borne nickel
concentrations of 70.4, 72.0, and 79.1 mg/kgaiet dw (as nickel chloride). As for Shafiq et al.
(2012), the diet was not described, but it was assumed that concentrations were on a dry weight
basis. Weight was reduced by 56 to 68 percent in fish fed the diet-borne nickel diets compared

to the control.

In the zebrafish study, Alsop et al. (2014) fed fish either a control diet containing a nickel
concentration of 3.66 mg/kgdaee dw or a treatment diet with a nickel concentration of
115.8 mg/kgdiet dw. The nickel concentrations in the diets appear to have been on a wet weight
basis, and the moisture contents of the diets were not reported (The analytical methods
describe the measurement of nickel concentrations in both the diet and fish tissues, and fish
tissue concentrations are reported on a wet weight basis.). Fish were fed to satiation two times
per day for 80 days. During days 75 to 78 of the exposure, reproductive performance was
evaluated by counting the number of eggs per female. The number of eggs per female was
reduced (p = 0.032) by 65 percent in fish fed the nickel diets. In addition, after 80 days, weight
of males fed the nickel diet was reduced (p = 0.013) by 26 percent compared to the control, but

no growth-related effects were observed for females (p = 0.74).
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3.10.3 Selection of Nickel TRVs

The concentration-based diet-borne nickel TRV was set at > 70.4 mg/kgaiet dw based on the
toxicity threshold for C. catla, which had the lowest toxicity threshold identified (Figure 3-15).
Fish were fed to satiation on a daily basis, with a mean food intake of 9.39 g reported. (Details
on how food intake was measured were not provided; however, it was assumed that this was
the mean food intake on a daily basis, as measured once per week over the course of the
12-week test.) The mean initial body weight in the test was 83.33 g and the mean increase in
weight after the 12-week exposure was 14.22 g, resulting in a mean body weight of 169 g over
the duration of the test. Division of the mean food intake rate of 9.39 g by the mean body
weight of 169 g results in an ingestion rate of 0.0557 gfod/g bw/day. Application of this FIR to
the concentration-based TRV of < 70.4 mg/kgdiet dw resulted in a corresponding dose-based
TRV of < 3.9 mg/kg bw/day.

There is high uncertainty in the nickel TRVs due to the limited diet-borne toxicity data
available. The data for the three Asian carp species indicate that these species may be more
sensitive to diet-borne nickel than are lake whitefish; however, there is greater uncertainty in
the Asian carp studies because 1) nickel concentrations in the lake whitefish diets were verified
analytically, while there is no mention of whether nickel concentrations in the Asian carp
species study were measured; 2) preparation of the diet for the lake whitefish study was well-
described, based on reference to a companion paper (Ptashynski and Klaverkamp 2002), while
preparation of the diet for the Asian carp species study was poorly described (including other
studies published by the same research group); and 3) a series of three diet-borne nickel
concentrations was tested for lake whitefish, while a single diet-borne nickel concentration

was tested in the Asian carp species studies.

3.11 SELENIUM

The potential toxicity of selenium to fish is predominantly determined by the concentrations
of organo-selenium compounds (e.g., selenomethionine) in their diets (Janz et al. 2010). The
strongest line of evidence for evaluating potential selenium toxicity to fish is selenium
concentrations in fish tissue. Accordingly, EPA’s recently updated AWQC for selenium are
based on fish tissue (USEPA 2016a). EPA’s recommended whole-body fish selenium criterion
is 8.5 mg/kg dw. Selenium trophic transfer factors, based on the ratio of whole-body selenium
to diet-borne selenium, typically average about 1.1 (Presser and Luoma 2010). Therefore, a
reasonable diet-borne selenium toxicity threshold, one that is linked to EPA’s whole-body fish

selenium criterion, is 7.7 mg/kgdgiet dw (8.5 mg/kg dw + 1.1 =7.7 mg/kgdiec dw).
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Most of the toxicity data used to develop EPA’s fish tissue-based selenium criteria are based
on field studies in which wild fish were naturally exposed to selenium in the field, over a range
of selenium exposure conditions. In the typical study design, 1) eggs and milt are collected,
2) eggs are fertilized in the field, 3) fertilized eggs are reared in the laboratory through hatch,
and 4) larval survival and deformities are assessed (Rudolph et al. 2008; McDonald et al. 2010).
Field-based exposure studies are typically used because the critical exposure pathway is diet-
borne organic selenium during vitellogenesis (Janz et al. 2010). Adults are generally insensitive
to selenium, but maternal transfer of selenium to the ovaries, and thence to the eggs, can

impact larval survival and development.

Laboratory studies for evaluating this exposure pathway and endpoint are limited due to
logistical challenges. However, the available data indicate that a diet-borne selenium TRV of
7.7 mg/kgdae dw would be protective. For example, DeForest et al. (1999) synthesized
concentration-response data for bluegill sunfish (Lepomis macrochirus) from several laboratory
maternal transfer studies (Bryson et al. 1985; Woock et al. 1987; Coyle et al. 1993) and derived
diet-borne EC10 and EC20 values of 10 and 13 mg/kgaiet dw, respectively. Hardy et al. (2010)
conducted a 2.5-year study in which cutthroat trout (Oncorhynchus clarki bouvieri) were
provided diets with selenium concentrations up to 11.2 mg/kg dw (as seleniomethionine). No
significant effects (p > 0.05) on larval survival or development were observed in any of the
diet-borne selenium treatments. Accordingly, uncertainty in the protectiveness of the diet-

borne selenium TRV of 7.7 mg/kgdiet dw is considered low.

3.12 SILVER

3.12.1 Summary

The dietary toxicity of silver has been tested in one fish species, rainbow trout. Information
from the two studies on silver toxicity to rainbow trout is presented in Table A-1 of Appendix
A. The toxicity data were anomalous, which creates a challenge for defining a TRV. However,
a concentration-based TRV of > 3,000 mg/kgdie: dw and a dose-based TRV of >70 mg/kg bw/day

were derived.
Concentration-based TRV: > 3,000 mg/kgaiet dw
Dose-based TRV: > 70 mg/kg bw/day
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3.12.2 Key Studies

Galvez and Wood (1999) fed juvenile rainbow trout commercial trout feed that had been
amended with nominal silver concentrations of 3, 30, 300, and 3,000 mg/kggdit (as silver sulfide).
The nominal silver concentrations were assumed to be on a dry weight basis given the method
for preparing the diet, which included drying the feed pellets for 36 hours at 50°C. Fish were
fed daily to satiation for 58 days. An anomalous response was observed. While the specific
growth rate (percent wet weight per day) was significantly reduced (p < 0.05) relative to the
control by 23 percent for both the 3- and 300-mg/kgdiet dw treatments, the specific growth rates
were higher than in the control for the 30- and 3,000-mg/kgdiet dw treatments (Figure 3-16). The
authors noted that silver sulfide would probably not be dissociated within the gut lumen of

the fish during digestion, which would prevent internalization of silver.

Galvez et al. (2001) fed juvenile rainbow trout a formulated diet that had been augmented with
biologically incorporated silver. To create the diet, adult rainbow trout were first exposed to a
waterborne silver thiosulfate concentration of 0.37 mmol/L for 7 days. The fish were then
sacrificed and blended into an experimental diet, which had a silver concentration of
3.12 mg/kgdiet ww. The juvenile rainbow trout were fed daily to satiation for 126 days. Specific
growth rate (percent wet weight per day) for the silver treatment (3.12 mg/kgdiet ww) did not
differ significantly from the controls.

3.12.3 Selection of Silver TRVs

Overall, Galvez and Wood (1999), considering results from their study and preliminary results
from what would be later published by Galvez et al. (2001), concluded that dietary silver
exposure is physiologically benign. Although an anomalous concentration/dose-response
relationship was observed, the highest diet-borne concentration of 3,000 mg/kgdiet dw (and the
corresponding dose of 70 mg/kg bw/day) resulted in a specific growth rate greater than the
control. The concentration- and dose-based TRVs were therefore set equal to > 3,000 mg/kgdiet

dw and 70 mg/kg bw/day, respectively.

Uncertainty in the absolute magnitudes of the concentration- and dose-based TRVs for silver
is high due to the limited data available; however, this uncertainty is not considered important,

given the evidence that the diet-borne exposure route is not significant for silver and fish.

3.13 VANADIUM

Diet-borne vanadium toxicity data were identified for only rainbow trout in one study;
information for this study is provided in Table A-1 of Appendix A. Hilton and Bettger (1988)

fed juvenile rainbow trout vanadium-amended formulated diets for 12 weeks. Diet-borne
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vanadium concentrations of 10.2, 80, and 493 mg/kgdgiet dw (as sodium orthovanadate) resulted
in statistically significant (p < 0.05) growth reductions of 59, 68, and 95 percent relative to the
control, respectively (Figure 3-17). An EC20 could not be derived using TRAP, so one was
calculated using linear interpolation (Figure 3-17); the concentration-based diet-borne
vanadium TRV was set equal to this EC20. Dosing data were not reported, so a dose-based
TRV of 0.16 mg/kg bw/day based on an assumed FIR of 0.037 gtod/g bw/day was calculated
(Section 2.6).

Concentration-based TRV: 4.3 mg/kgdiet dw
Dose-based TRV: 0.16 mg/kg bw/day

Uncertainty in the diet-borne vanadium TRV is high, as toxicity data were only available for a

single species and from only one study.

3.14 ZINC

3.14.1 Summary

Diet-borne zinc toxicity data were identified for seven fish species, as presented in Table A-1
of Appendix A. Accordingly, an SSD approach was not used, and concentration- and dose-

based zinc TRVs were derived based on the most sensitive species.
Concentration-based TRV: 500 mg/kgdict dw
Dose-based TRV: 38.5 mg/kg bw/day

3.14.2 Key Studies

The fish species most sensitive to diet-borne zinc was common carp (Table 3-4). Jeng and Sun
(1981) fed carp fry zinc-amended diets (as zinc sulfate) for 8 weeks. Diet-borne concentrations
of 294, 1,007, and 1,974 mg/kgdit dw resulted in growth (weight) reductions of 21, 23, and
35 percent, respectively, which resulted in an EC20 of 500 mg/kgdicc dw (90 percent CI = 0.022
to 1.1E+07 mg/kgdiec dw) (Figure 3-18). The concentration-response data from this test have a
limited range of effects. The diets with zinc concentrations of 294 and 1,007 mg/kgaiet dw had
effect levels near 20 percent (i.e., 21 and 23 percent, respectively), and the diet with the highest
zinc concentration had an effect level of 35 percent. The piece-wise regression model was
selected from TRAP, as it is less sensitive to assumptions about the tails, for which there were
no high-effect data. Based on dosing information provided for the study, an ED20 of
38.5 mg/kg bw/day (90 percent CI = 0.0017 to 8.7E+05 mg/kg bw/day) was also calculated
(Figure 3-18).
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The next highest diet-borne concentration-based toxicity thresholds were a LOEC of
1,900 mg/kgdgict dw (as zinc chloride) based on 54 and 66 percent growth reduction in two tests
with coho salmon (Oncorhynchus kisutch) (Bowen et al. 2006), and a LOEC of 2,220 mg/kgdiet
dw (as zinc sulfate) based on a 20 percent reduction in rainbow trout growth (Knox et al. 1984)
(Table 3-4). For comparison, all other rainbow trout toxicity thresholds were “greater than”
NOECs, ranging from 500 to 1,920 mg/kgdiet dw (Table 3-4). The dose-based LOEL for coho
salmon, which corresponds with the concentration-based LOEC of 1,900 mg/kgdait dw, is
95 mg/kg bw/day (Table 3-4).

3.14.3 Selection of Zinc TRVs

No effects have been observed in most diet-borne zinc toxicity studies with fish; however, a
concentration-based TRV of 500 mg/kgdet dw and a dose-based TRV of 38.5 mg/kg bw/day
were identified based on the sensitivity of common carp. This TRV was less than other toxicity
thresholds for salmonids, including several “greater than” NOECs for rainbow trout.
Uncertainty in the protectiveness of the TRVs is considered low, as they were derived based
on an EC20 and ED20 (for carp), and these TRVs are less than higher diet-borne zinc

concentrations shown not to adversely affect several salmonid species (Figure 3-19).

3.15 SUMMARY OF FINAL DIET-BORNE TRVS

The final diet-borne concentration- and dose-based TRVs for fish are summarized in Table 3-5.

Windward 3-23






Upper Columbia River
Fish Diet Toxicity Reference Values for the FINAL
Baseline Ecological Risk Assessment April 2019

4 METAL MIXTURES

The diet-borne TRVs presented in the preceding sections were developed from toxicity
tests with individual metals. Because metals in the environment, including the UCR, occur
as mixtures, diet-borne toxicity studies with metal mixtures were used to evaluate the

protectiveness of the individual metal TRVs.

A key series of studies was conducted with rainbow trout and brown trout that were fed
either benthic invertebrates collected from the Clark Fork River in Montana (Woodward
et al. 1994, Woodward et al. 1995), or oligochaete worms that had been exposed to
sediments collected from the Clark Fork River (Hansen et al. 2004). Farag et al. (1999) also
conducted a study in which cutthroat trout were fed benthic invertebrates collected from
the Coeur d’Alene River in Idaho. In each of these studies, reduced trout growth, and

sometimes survival, was observed in diets with elevated metals concentrations.

e Woodward et al. (1994). Rainbow trout that were fed benthic invertebrates
collected from the Clark Fork River had an approximate 42 percent reduction in
growth and approximate 55 percent reduction in survival relative to trout that
were fed benthic invertebrates collected from a Snake River reference site. Arsenic
and zinc concentrations in Clark Fork River invertebrates were approximately
equal to the diet-borne arsenic and zinc TRVs of 42 and 500 mg/kgdiet dw,
respectively; aluminum, cadmium, copper, and lead concentrations were all less
than their respective TRVs (Figure 4-1). As discussed further below, arsenic has
been implicated as a key metal in these diet-borne toxicity studies.

e Woodward et al. (1995). Brown trout and rainbow trout that were fed benthic
invertebrates collected from two locations on the Clark Fork River with elevated
metal concentrations had growth reductions of approximately 39 percent and
45 percent, compared with trout fed benthic invertebrates collected from what the
authors defined as a reference site on the Clark Fork River, which was
approximately 200 km downstream from metals sources at Anaconda and Butte.
Arsenic concentrations in benthic invertebrates were less than the constituent’s
TRV, but zinc concentrations were greater (Figure 4-2). Cadmium, copper, and
lead concentrations in benthic invertebrates were less than their corresponding
TRVs.

e Hansen et al. (2004). Rainbow trout were fed oligochaete worms that had been
exposed to sediment collected from the Clark Fork River and a tributary. The wet
weights of these rainbow trout were reduced by approximately 30 percent and
19 percent, respectively, compared with trout that were fed invertebrates that had
been exposed to a reference sediment collected from the Cache la Poudre River in
Colorado. Reductions in the wet weights of fish fed the Clark Fork River and
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tributary diets compared to reductions in the wet weights of fish fed the reference
site diet were statistically significant; Hansen et al. (2004) did not present a
comparison of the differences in wet weight gain between the two exposed groups.
Arsenic concentrations in the worms exceeded the constituent’s TRV, but
cadmium, copper, lead, and zinc concentrations did not exceed their respective
TRVs (Figure 4-3).

e Farag et al. (1999). Cutthroat trout were fed benthic invertebrates collected from
two locations with elevated metals concentrations on the Coeur d’Alene River.
Despite having similar metal concentrations, invertebrates from one site (South
Fork) did not result in reduced survival and growth relative to trout that were fed
invertebrates from a reference site, while invertebrates from another site (Cataldo)
did (Figure 4-4).

Other diet-borne mixture studies have been conducted in the laboratory using formulated
diets. Knox et al. (1982, 1984) evaluated the effects of varying combinations of diet-borne
copper and zinc concentrations on rainbow trout growth. Negligible growth effects were
observed, even when copper and zinc concentrations approached their respective TRVs
in combination (Figure 4-5). This study provides evidence that the copper and zinc TRVs

are protective against diet-borne toxicity, even when present as binary mixtures.

The Clark Fork River studies led to the study conducted by Erickson et al. (2010), who
concluded that the diet-borne toxicity observed was likely more attributable to arsenic.
Erickson et al. (2011) subsequently noted that assessments of risks from arsenic exposures
is incomplete without considering diet-borne exposures. However, the possibility of
additive or synergistic toxicity due to other metals cannot be excluded. The information
from these metal mixture toxicity studies was not used to modify any of the individual

metal TRVs, but it will be considered as part of uncertainty discussions in the BERA.
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Figure 3-1. Relationship Between Diet-Borne Aluminum
Concentrations and Weight Gain in Atlantic Salmon
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Figure 3-2. Concentration-Response Relationships for Juvenile Rainbow Trout
Exposed to Diet-Borne Arsenate or Arsenite Based on Data from Individual Studies
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Figure 3-3. Dose-Response Relationships for Juvenile Rainbow Trout
Exposed to Diet-Borne Arsenate or Arsenite Based on Data from Individual Studies
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Figure 3-5. (A) Concentration-Based and
(B) Dose-Based SSD for Diet-Borne Cadmium
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Figure 3-6. Comparison of All Concentration-Response Data for
Cadmium, as a Percentage of Control Response, to Diet-Borne TRV
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A

B

100%

90% -

80%

70%

60%

50%

40%

Percentile of SSD

30%
20%
10%

5th percentile
0%

1
100%
90%
80%
70%
60%
50%

40%

Percentile of SSD

30%

20%

10%

5th percentile

0%

Open symbols are NOECs

@ Species mean toxicity threshold
@ common carp (growth)

Log-triangular (5th percentile = 119 mg/kggiet dw)
@ Nile tilapia (growth)

@ zebrafish (growth)
PS rainbow trout
(growth and survival)

Atlantic salmon
(growth)

O hybrid striped bass (growth)

channel catfish (growth)

_ O fathead minnow (growth)

oo 119 1000 10000
Diet-Borne Cu Concentration (mg/kgie: dw)

Open symbols are NOELs
® Species mean toxicity threshold Nile tilapia
| Log-triangular (5th percentile = 1.2 mg/kg bw/day) [ ] (growth)

1 PY Atlantic salmon
(growth)

P rainbow trout
(growth and survival)

@ zebrafish (growth)

@ common carp (growth)

hybrid striped bass (growth)

fathead minnow (growth)

i O channel catfish (growth)

11.2 10 100
Diet-Borne Cu Dose (mg/kg bw/day)

Figure 3-8. (A) Concentration-Based and
(B) Dose-Based SSD for Diet-Borne Copper
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Figure 3-9. (A) Concentration-Response and
(B) Dose-Response Relationships for Atlantic Salmon Fed
Diet-Borne Copper in a Formulated Diet
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Figure 3-10. Comparison of All Concentration-Response Data for
Copper, as a Percentage of Control Response, to Diet-Borne TRV
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Figure 3-11. (A) Concentration-Response Data and
(B) Dose-Response Data for Effects of Diet-Only and Diet+Water Lead Exposures
on the Growth Rate of Juvenile Rainbow Trout
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Anomalous response existed for rainbow trout in diet+water exposures. Otherwise, lowest diet-borne lead concentration
resulting in a growth effect > 20% was observed at 728 mg/kgg; dw (not significantly different from the control).

Figure 3-12. Comparison of All Concentration-Response Data for Lead,
as a Percentage of Control Response, to Diet-Borne TRV
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Figure 3-13. Relationship Between Diet-Borne Methylmercury
Concentrations and Fathead Minnow Spawning Success
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Figure 3-14. Concentration-Based SSD for Diet-Borne Methylmercury
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In the Shafiq et al. (2012) tests, carp were simultaneously exposed to waterborne nickel concentrations of 21,930 to 29,430 ug/L.

Figure 3-15. Comparison of All Concentration-Response Data for
Nickel, as a Percentage of Control Response, to Diet-Borne TRV
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Figure 3-16. Relationship Between Diet-Borne
Silver Concentrations and Rainbow Trout Growth Rate
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Figure 3-17. Relationship Between Diet-Borne
Vanadium Concentrations and Rainbow Trout Growth
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Figure 3-18. Effects of Diet-Borne Zinc in a Formulated Diet for Common Carp
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Figure 3-19. Comparison of All Concentration-Response Data for
Zinc, as a Percentage of Control Response, to Diet-Borne TRV
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Figure 4-1. Concentrations of Metals in Field-Collected
Benthic Invertebrates Fed to Rainbow Trout Fry
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Notes:

Clark Fork River (CF) -Turah Bridge (REF) samples represent a reference site; CF-Gold Creek (EXP) and CF-Warm Springs

(EXP) samples represent sites with elevated metal concentrations in stream sediments. Growth was reduced by approximately 39%
and 45% in brown trout and rainbow trout fed CF-Gold Creek and CF-Warm Springs invertebrates, respectively, compared with trout
fed CF-Turah Bridge invertebrates. Horizontal black lines denote metal TRVs, and numeric TRVs are presented above those lines.

Figure 4-2. Concentrations of Metals in Field-Collected
Benthic Invertebrates Fed to Brown Trout and Rainbow Trout Fry
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Notes:

Cache La Poudre River samples represent a reference site (REF); Clark Fork River-Galen and Silver Bow Creek samples represent
sites with elevated metal concentrations (EXP). Wet weight of rainbow trout fed invertebrates exposed to Clark Fork River-Galen and
Silver Bow Creek (EXP) sediments was reduced by approximately 30% and 19%, respectively, compared with trout fed invertebrates
exposed to Cache La Poudre sediment (REF). Horizontal black lines denote metal TRVs, and numeric TRVs are presented above
those lines.

Figure 4-3. Concentrations of Metals in Benthic
Invertebrates Exposed to Field-Collected Sediments and Fed to
Juvenile Rainbow Trout
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invertebrates were reduced by approximately 72% and 30%, respectively, compared with trout fed CDA River-North Fork
invertebrates. Growth and survival of trout fed CDA River-South Fork invertebrates and trout fed CDA River North Fork
invertebrates were statistically indistinquishable (p > 0.05). Horizontal black lines denote metal TRVs, and numeric TRVs are
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Figure 4-4. Concentrations of Metals in Field-Collected
Benthic Invertebrates Fed to Cutthroat Trout Fry
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Figure 4-5. Mixtures of Diet-Borne Copper and Zinc
Concentrations in Formulated Diets Fed to
Rainbow Trout in Seven Tests
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Upper Columbia River

Fish Diet Toxicity Reference Values for the Baseline Ecological Risk Assessment

Table 3-1. Concentration- and Dose-Based Diet-Borne Toxicity Data Used to Develop SSDs for Cadmium

FINAL
April 2019

Diet-Borne Concentration

Diet-Borne Dose

Species Mean

Species Mean

Cadmium Statistical Endpoint Basis Cadmium Cadmium Cadmium Cadmium
Species Endpoint Duration Diet* Form (% Effect Relative to Control) (mMg/Kg giet dW) (mg/ Kgaiet dW) (mg/kg bw/day) (mg/kg bw/day) Reference
Prussian carp (Carassius auratus gibelio ) wet weight ~32 months formulated CdCl, Geomean of NOEC/LOEC and NOEL/LOEL (0%, 47%) 3,953 3,953 63 63 Szczerbik et al. 2006
Catfish (Clarias spp.) wet weight 60 days cladoceran (M. macrocopa) CdNO, LOEC/LOEL (19%) 16.48 16.48 0.124 0.124 Ruangsomboon and Wongrat 2006
. . . . . 132 1.6
Common carp (Cyprinus carpio) weight gain 28 days worm (T. tubifex) CdCl, EC20/ED20 (90% CI = 19-942) 132 (90% CI = 0.15-19) 1.6 Reynders et al. 2006
Channel catfish (/ctalurus punctatus) dry weight 30 days worm (L. variegatus ) CdCl, NOEC/NOEL (0%) 538 538 8.2 8.2 Erickson et al. 2010
mortality 28 days formulated Cdso, LOEC/LOEL (39%) 10,000° 68.2° Handy 1993b
growth rate 28 days formulated - 22 mg Ca/g dw CdNO, NOEC/NOEL (6%) 471° 9.42° Franklin et al. 2005
growth rate 28 days formulated - 60 mg Ca/g dw CdNO, NOEC/NOEL (0%) 519° 10.38° Franklin et al. 2005
wet weight 60 days brine shrimp (Artemia sp.) CdcCl, NOEC/NOEL(0%) 69° 41° Mount et al. 1994
. 67 0.36
Rainbow trout (Oncorhynchus mykiss ) growth rate 1 month worm (L. variegatus ) CdNO; EC20/ED20 (90% CI = na) 67 (90% CI = na) 0.36 Ng and Wood 2008
oligochaete worm pellets - o d d
growth rate 1 month 0.8 mg Calg dw CdNO, LOEC/LOEL (90%) 11.6 0.069 Ng et al. 2009
oligochaete worm pellets - o c c
growth rate 1 month 76.2 mg Calg dw CdNO, NOEC/NOEL (22%) 9.6 0.066 Ng et al. 2009
dry weight 30 days worm (L. variegatus) CdcCl, NOEC/NOEL (11%) 91° 1.5° Erickson et al. 2010
Fathead minnow (Pimephales promelas) dry weight 30 days worm (L. variegatus ) CdCl, NOEC/NOEL (5%) 518 518 9.7 9.7 Erickson et al. 2010
o . . 622 23.0°
Guppy (Poecilia reticulata ) total fry/female 30 days midge larvae CdCl, EC20/ED20 (90% CI = 278-1,392) 622 (90% CI = 10.3-51.5) 23.0 Hatakeyama and Yasuno 1987
Atlantic salmon (Salmo salar) bone deformities = 4 months formulated CdSO, NOEC/NOEL (NA) 204.1 204.1 7.6° 7.6 Berntssen et al. 2003

Notes:

@ Calcium concentration in the diet is reported where available.

® Excluded from species mean because the mortality endpoint was less sensitive than the growth endpoint based on observations from other tests.

° Excluded from species mean because a 20% effect concentration/20% dose concentration (EC20/ED20) could be calculated from a test with a natural diet (Ng and Wood 2008).

4 Excluded from species mean because the magnitude of reduced growth was inconsistent with that of other studies Ng and Wood 2008; Erickson et al. 2010) in which rainbow trout were fed an oligochaete diet that was not amended with calcium.
° Dose-based toxicity threshold is based on an assumed food ingestion rate of 0.037 g;,.4/g bw/day (Section 2.6).

Cl — confidence interval

LOEC - lowest-observed-effect concentration

LOEL - lowest-observed-effect level
NA — not applicable

na — not available

NOEC - no-observed-effect concentration

NOEL - no-observed-effect level

SSD - species sensitivity distribution
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Upper Columbia River

Fish Diet Toxicity Reference Values for the Baseline Ecological Risk Assessment

Table 3-2. Concentration- and Dose-Based Diet-Borne Toxicity Data Used to Develop SSDs for Copper

FINAL
April 2019

Simultaneous

Diet-Borne Concentration

Diet-Borne Dose

Species Mean

Species Mean

Copper Water Statistical Endpoint Basis Copper Copper Copper Copper
Species Endpoint Duration Diet Form Exposure? | (% Effect Relative to Control) (Mg/kggier dW) (mg/kgier dw) (mg/kg bw/day) (mg/kg bw/day) Reference
?C"yr;;.‘n":s‘gr‘;io) weight gain 42 days formulated Cuso, no LOEC/LOEL (36%) 2,000 2,000 21.2 21.2 Ajani and Akpoilih 2012
) ; ; 1,103 221
Zebrafish (Danio rerio) GSlI 260 days formulated CuSO, yes EC20/ED20 (90% CI = 0.13-9.0E+06) 1,103 22.1 (0.0027-1.8E+05) Alsop et al. 2007
0 - . =J. . =1
Channel catfish weight gain 13 weeks formulated CuSO, no NOEC/NOEL (2%) 40° 246 1.22 29 Gatlin and Wilson 1986
(Ictalurus punctatus) dry weight 30 days | worm (L. variegatus) =~ CuSO, no NOEC/NOEL (3%) 246 2.9 ’ Erickson et al. 2010
o growth —freshwater | 5 o s formulated Cuso, no? NOEC/NOEL (16%) 571 11.4
Hybrid striped bass acclimated .
(Morone chrysops x M. saxatilis)  growth — saltwater 571 11.4 Bielmyer et al. 2005
acclimated 42 days formulated CuSO, no® NOEC/NOEL (17%) 571 11.4
weight gain 20 weeks formulated CuSO, no NOEC/NOEL (9%) 495° 8.5° Knox et al. 1984
wet weight 16 weeks formulated CuSO, no LOEC/LOEL (76%) 796° 29.5%¢ Lanno et al. 1985a
. 430 15.9¢
wet weight 8 weeks formulated CuSO, no EC20/ED20 (90% CI = 306-604) (90% Cl = 11.3-22.3) Lanno et al. 1985b
wet weight 24 weeks formulated CuSO, no NOEC/NOEL (1%) 664° 24.6° Lanno et al. 1985b
weight gain 9 weeks formulated CuSO, no EC20/ED20 947 16.2 Julshamn et al. 1988
survival 28 days formulated CuSO, no NOEC/NOEL (3%) 10,000° 69.2° Handy 1993b
. Brine shrimp 740 44 .4
survival 60 days (Artemia sp.) CuCl, yes EC20/ED20 (90% CI = 644-850) (90% CI = 38.6-51.0) Mount et al. 1994
growth rate 3 months formulated CuSO, no NOEC/NOEL (4%) 490° 8.3° Handy et al. 1999
growth rate 15 days formulated Cu-lysine no NOEC/NOEL (9%) 359° 28.7° Kjoss et al. 2006
Rainb growth rate 4 weeks formulated CuO no NOEC/NOEL (0%) 412° 33.0° Kjoss et al. 2006
(Sg’;of:ygg;l‘;s mykiss) weight gain 28 days formulated Cuso, no NOEC/NOEL (0%) 1,042° 671 41.7° 225 Kamunde et al. 2001
weight gain 50 days formulated CuSO, yes NOEC/NOEL (0%) 282° 11.3° Kamunde et al. 2002
growth rate 35 days (Iogzzur'::;i) Cuso, no NOEC/NOEL (6%) 15.75° 0.24° Kamunde and Wood 2003
formulated o c c
growth rate 35 days (3.0% ration) CuSO, no NOEC/NOEL (0%) 7.87 0.24 Kamunde and Wood 2003
growth rate 35 days formulated Cuso, no NOEC/NOEL (0%) 5.24° 0.24° Kamunde and Wood 2003
(4.5% ration)
- formulated o c . .
condition factor 28 days (1.5% sodium) CuSO, no NOEC/NOEL (0%) 633 23.2 Kjoss et al. 2005
- formulated o c . .
condition factor 28 days (3.0% sodium) CuSO, no NOEC/NOEL (6%) 633 23.2 Kjoss et al. 2005
condition factor 28 days | formulated (4.5% Na) ~ CuSO, no NOEC/NOEL (0%) 633° 23.2° Kjoss et al. 2005
dry weight 30 days | worm (L. variegatus) CuSO, no NOEC/NOEL (0%) 308° 4.0° Erickson et al. 2010
?'(')'fet;'jﬁr':mis iloficus) growth rate 42 days formulated Cuso, no LOEC/LOEL (24%) 1,968 1,968 72.8° 72.8 Shaw and Handy 2006
Fathead mi dry weight 30 days = worm (L. variegatus) CuSO, no NOEC/NOEL (0%) 216 41 Erickson et al. 2010
) condition factor ays | worm (L. variegatus uSO, yes ) 156 1.56 . apointe et al.
(:,mzzh:;;';’l)"r‘gme,as) dition f 28 d L. vari CusO NOEC/NOEL (2% a 216 a 4.1 Lapoi 1. 2011
condition factor 28 days = worm (L. variegatus) CuSO, yes NOEC/NOEL (0%) 1562 1.56° Lapointe et al. 2011
) . 666 22.6
(A;gr:;z: ;aallgnr)on wet weight 3 months formulated CuSO, yes EC20/ED20 (90% Cl = 300-1,434) 666 (90% Cl = 10.5-48.7) 226 Berntssen et al. 1999a
wet weight 4 weeks formulated CuSO, no NOEC/NOEL (8%) 691° 16.6° Berntssen et al. 1999b

Notes:

@ Excluded from species mean because there was a higher no-observed-effect concentration/no-observed-effect level (NOEC/NOEL) available for this species.

® Bielmyer et al. (2005) also tested a combined water- and diet-borne copper exposure, but the copper concentration was not developed based on the corresponding waterborne copper concentration, which was based on the 96-hr copper concentration thatlethal to 20% of an exposed population (LC20) for striped bass.

¢ Excluded from species means because 20% effect concentrations/20% dose concentrations (EC20s/ED20s) were available for this species.

4 Dose-based toxicity threshold is based on an assumed food ingestion rate of 0.037 g.q/g bw/day (Section 2.6).

Cl - confidence interval

GSI — gonadosomatic index

LOEC - lowest-observed-effect concentration
LOEL - lowest-observed-effect level

SSD - species sensitivity distribution
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Fish Diet Toxicity Reference Values for the Baseline Ecological Risk Assessment

Table 3-3. Concentration- and Dose-Based Diet-Borne Toxicity Data Used to Derive TRVs for Lead

FINAL

April 2019

Simultaneous

Statistical Endpoint

Diet-Borne Concentration

Diet-Borne Dose

Species Mean

Species Mean

Lead Water Basis (% Effect Lead Lead Lead Lead
Species Endpoint | Duration Diet Form Exposure? | Relative to Control)| (Mg/kgaiet dw) | (Mg/ kgger dw) | (mg/kg bw/day) | (mg/kg bw/day) Reference
Channel catfish ) . o .
(Ictalurus punctatus) dry weight =~ 30 days worm (L. variegatus) PbNO; no NOEC/NOEL (0%) 1,000 1,000 16.2 16.2 Erickson et al. 2010
growth 32 weeks formulated PbNO, no NOEC/NOEL (NA) 40.1? 0.78% Hodson et al. 1978
wet weight | 60 days = brine shrimp (Artemia sp.) | PbNO;3 yes NOEC/NOEL (1%) 210° 12.6° Mount et al. 1994
Rainbow trout dry weight | 30 days worm (L. variegatus) PbNO, no NOEC/NOEL (0%) 956 708 12.2° 124 Erickson et al. 2010
(Oncorhynchus mykiss) growth rate | 7 weeks worm (L. variegatus ) PbNO, no EC20/ED20 111°¢ 1.9°¢ Alsop et al. 2016
growth rate = 7 weeks worm (L. variegatus) PbNO; yes NOEC/NOEL (21%) 728 12.4 Alsop et al. 2016
Nile tilapia wet weight = 4 months formulated PbO no LOEC/LOEL (17%) 667 667 6 6 Ayyat et al. 2003
(Oreochromis niloticus) growth rate = 60 days formulated NR no NOEC (4%) 800° 29.6° Dai et al. 2009
Fathead minnow . . o .
(Pimephales promelas) dry weight = 30 days worm (L. variegatus) PbNO, no NOEC/NOEL (0%) 846 846 16.1 16.1 Erickson et al. 2010
Notes:

? Excluded from species mean because there is a better estimate of the 20% effect concentration/20% dose concentration (EC20/ED20) for this species.
® This test evaluated the effects of diet-only lead exposures; the test below it in the table evaluated the effects of diet+water exposures. Although it was possible to derive an EC20 of 111 mg/kg e dw and an ED20 of 1.9 mg/kg bw/day for the diet-only test using Toxic

Relationship Analysis Program (TRAP), growth reduction was 14% at diet-borne concentrations up to 315 mg/kgy.e dw and doses up to 5.4 mg/kg bw/day (i.e., less than the targeted 20% effect level).
The next highest diet-borne concentration of 728 mg/kg 4t dw (dose of 12.4 mg/kg bw/day) resulted in a 29% reduction in growth relative to the control, which was not statistically significant (p > 0.05) from the control. This same concentration and dose were associated

with a 21% reduction in growth when rainbow trout underwent combined diet+water lead exposures. The diet-borne concentration of 728 mg/kgge: dw and dose of 12.4 mg/kg bw/day were, therefore, used to define the sensitivity of rainbow trout to lead.
° Extreme 90% confidence intervals: 1.1E-10 to 1.1E+14 for the 10% effect concentration (EC10) and 1.1E-11 to 3.6E+12 for the ED20.

9 Dose-based toxicity threshold is based on an assumed food ingestion rate of 0.037 gs..q/g bw/day (Section 2.6).

LOEC - lowest-observed-effect concentration

LOEL — lowest-observed-effect level

NA — not applicable

NOEC - no-observed-effect concentration

NOEL — no-observed-effect level
NR — not reported
TRV - toxicity reference value
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Fish Diet Toxicity Reference Values for the Baseline Ecological Risk Assessment

Table 3-4. Concentration- and Dose-Based Diet-Borne Toxicity Data Used to Derive TRVs for Zinc

FINAL

April 2019

Statistical Endpoint

Diet-Borne Concentration

Diet-Borne Dose

Simultaneous Basis Species Mean Species
Zinc Water (% Effect Relative to Zinc Zinc Zinc Mean Zinc
Species Endpoint Duration Diet Form Exposure? Control) (mg/kg dw) (mg/kg dw) (mg/kg/day) (mg/kg/day) Reference
Common carp . 500 38.5
(Cyprinus carpio) wet weight 8 weeks formulated ZnSO, no EC20 (90% CI = 0.022 to 1.1E+07) 500 (90% CI = 0.0017 to 8.7E+05) 38.5 Jeng and Sun 1981
Coho salmon length (10°C) 21 days formulated ZnCl, no LOEC/LOEL (54%) 1,900 95
) 1,900 95 Bowen et al. 2006

(Oncorhynchus kisutch) length (15°C) 21 days formulated ZnCl, no LOEC/LOEL (66%) 1,900 95

weight gain 20 weeks formulated ZnSO, yes NOEC/NOEL (18%) 500 8.6% Knox et al. 1984

weight 16 weeks formulated ZnSO, yes’ NOEC (NA) 590° 21.8%° Spry et al. 1988

weight gain 6 weeks formulated (basal) ZnO no LOEC (20%)° 2,220 82.1%° Takeda and Shimma 1977
Rainbow trout weight gain 6 weeks formulated (calcium amended) ZnO no NOEC (1%) 1,920° 71.0%°
(;;I‘;r(l:ocr)/:\;/nr(c:)/:lus mykiss) wet weight 60 days brine shrimp (Artemia sp.) ZnCl, yes NOEC/NOEL (0%) 1,900° 2,220 114 114 Mount et al. 1994

growth rate 15 days formulated (zinc oxide) Zn0O no NOEC/NOEL (1%) 7728 61.8%

growth rate 15 days formulated (zinc sulfate) ZnSO, no NOEC/NOEL (6%) 1,036° 82.9% Kioss et al. 2006

growth rate 15 days formulated (zinc proteinate) Zn-proteinate no NOEC/NOEL (4%) 653° 52.3% ! ’

growth rate 15 days formulated (zinc methionate) Zn-methionate no NOEC/NOEL (4%) 989° 79.12
Chinook salmon growth rate 105 days formulated ZnS0O, no NOEC/NOEL (0%) 3542 5.8° .

403 6.8 Richardson et al. 1985

(Oncorhynchus tshawytscha)  growth rate 105 days formulated ZnSo, no NOEC/NOEL (1%) 403 6.8
,(\lcl)lfeil)ljl?rlsm/s niloticus) weight gain 70 days formulated ZnS0O, no NOEC/NOEL® 100 100 3.0 3.0 Eid and Ghonim 1994
?\st::::f ::I';“r)"” weight gain 8 weeks formulated Znso, no NOEC (0%) 101 101 37° 37 Maage and Julshamn 1993
Turbot growth rate 250 days formulated Zns0, no NOEC (NA) 1,000 1,000 37° 37 Overnell et al. 1988

(Scophthalmus maximus)

Notes:

@ Excluded from species mean because there is a better estimate of the 20% effect concentration/20% dose concentration (EC20/ED20) for this species.

® This study evaluated the influence of three dietary zinc concentrations, the lowest of which (1 mg/kggie; dw) was deficient, combined with one of four different waterborne zinc concentrations. The highest dietary zinc concentration of 590 pg/g dw did not result in any growth effects at any waterborne zinc concentration tested.

¢ A no-observed-effect concentration (NOEC) of 1,070 mg/kgge:dw was also available from this study; however, since a 20% effect was associated with the lowest-observed-effect concentration (LOEC), the LOEC of 2,220 mg/kgq.: dw was identified as the toxicity threshold for this test.

4 This study evaluated added zinc concentrations of 0, 5, 10, 20, 30, 40, 50, 60, 80, and 100 mg/kg 4edw. The authors concluded that the optimum diet-borne zinc concentration for Nile tilapia was 30 mg/kggie; dw, which resulted in the greatest growth of tilapia. At higher diet-borne zinc concentrations, growth was reduced relative to the
optimum, but it was still greater than that observed at diet-borne zinc concentrations of < 30 mg/kggie; dw.

¢ Dose-based toxicity threshold is based on an assumed food ingestion rate of 0.037 g0 /g bw/day (Section 2.6).

ClI — confidence interval

LOEL - lowest-observed-effect level

NA — not applicable
NOEL - no-observed-effect level

TRV - toxicity reference value
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Table 3-5. Final Diet-Borne Concentration- and Dose-Based Metal TRVs for Fish
Diet-Borne Concentration-Based TRV Diet-Borne Dose-Based TRV

Metal (mg/kggiet dw)? (mg/kg bw/day)?
Aluminum > 2,232 (0%) > 82.5 (0%)
Arsenic 42 0.78
Cadmium 8.1 0.023
Chromium 3.9 0.074
Copper 666 <21.2 (36%)
Iron na na
Lead 111 1.9
Manganese na na
Mercury 0.26 0.013
Nickel <70.4 (59%) < 3.9 (59%)
Selenium 7.7 na
Silver > 3,000 (0%)° > 70 (0%)°
Vanadium 4.3 0.16
Zinc 500 38.5
Notes:

a Concentrations or doses with a less than (<) or greater than (>) symbol denote whether a lower or higher concentration would be

predicted to achieve a 20% effect level. The levels of effect relative to corresponding negative controls are provided in parentheses.

b An anomalous response was observed: growth rate reductions of 23, 0, 23, and 0% at diet-borne silver concentrations
of 3, 30, 300, and 3,000 mg/kg g4t dw, respectively.

na — not available

TRV — toxicity reference value
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Figure A-1. Comparison of Diet-Borne Aluminum TRV to
Toxicity Thresholds for Other Endpoints
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Figure A-2. Comparison of Diet-Borne Arsenic TRV to
Toxicity Thresholds for Other Endpoints
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S. salar: Spinal deformities (NOEC = 204 mg/kg dw); ATPase activity (intestine NOEC/LOEC = 6.7/22 mg/kg dw; kidney and gill NOEC/LOEC = 112/204 mg/kg dw)

Figure A-3. Comparison of Diet-Borne Cadmium TRV to Toxicity
Thresholds for Other Endpoints
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Figure A-4. Comparison of Diet-Borne Chromium(lll) TRV to Toxicity
Thresholds for Other Endpoints




Percentile of SSD

5th percentile

Other Endpoints
P. promelas: none

I. punctatus: feed conversion efficiency (NOEC = >40 mg/kg dw) [Gatlin and Wilson 1986]);
percent food conversion (NOEC = >246 mg/kg dw [Erickson et al. 2010])

100% -

90% - @ common carp (growth)

0, -
80% @ Nile tilapia (growth)
70% -

@ zebrafish (growth)
60% - . .
@ rainbow trout (growth and survival)
50% -
Atlantic salmon (growth)
40% -
(O hybrid striped bass (growth)
30% -
20% - channel catfish (growth)
10% - O  fathead minnow (growth)
0% — : : : B
100 119 1000 10000
Diet-Borne Cu Concentration (mg/kgie; dw)
Open symbols are NOECs ® Species mean toxicity threshold — es====| og-triangular (5 percentile = 119 mg/kggiet dw)

Figure A-5. Comparison of Diet-Borne Copper TRV to
Toxicity Thresholds for Other Endpoints
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Notes:
In the Shafiq et al. (2012) tests, carp were simultaneously exposed to waterborne nickel concentrations of 21,930 to 29,430 ug/L.

Other Endpoints
C. clupeaformis: Mean hemoglobin, mean glucose, mean hematocrit, liver somatic index (NOEC = >1,100 mg/kg dw);
histopathological lesions (increased at 110 mg/kg dw)

Figure A-6. Comparison of Diet-Borne Nickel TRV to Toxicity
Thresholds for Other Endpoints
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O. mykiss: Na/K ATPase activity (NOEC = >728 mg/kg dw in diet-only exposures; significant negative relationship in
diet+water exposures); ALA-D activity (NOEC = >40.1 mg/kg dw)

Figure A-7. Comparison of Diet-Borne Lead TRV to
Toxicity Thresholds for Other Endpoints
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Figure A-8. Comparison of Diet-Borne Silver TRV to
Toxicity Thresholds for Other Endpoints
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Figure A-9. Comparison of Diet-Borne Vanadium TRV to
Toxicity Thresholds for Other Endpoints
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Figure A-10. Comparison of Diet-Borne Zinc TRV to
Toxicity Thresholds for Other Endpoints




APPENDIX A-2

TABLES



Upper Columbia River
Fish Diet Tissue Reference Values for the
Baseline Ecological Risk Assessment
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Exposure Information

Diet-Borne Concentration and Dose Water-Borne Concentration Toxicity Information Concentration (mg/kg dw) Dose (mg/kg/d)
% Effect

Water = Age/Size at | Exposure FIR BW FIR Control or mg/kg mg/kg Total or DoC Endpoint (Control- NOEC or
Metal | Species Chemical Form Type Initiation | Duration (g/d) (9) (Groos/Taw/d)® | Treatment? Diet Type ww Moisture | mg/kg dw bw/day ug/L Measured? | Dissolved?  (mg/L) Type Endpoint® Measure Normalized) LOEC? EC10 EC20 EC50 EC10 EC20 EC50 Reference
Ag rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 58-day na na 0.0282 control formulated 0 ~0 0 0 na na na na growth growth rate (%/day) 1.37 na control
Ag rainbow trout (Oncorhynchus mykiss ) silver sulfide FW juveniles 58-day na na 0.0222 treatment formulated 3 ~0 3 0.067 na na na na growth growth rate (%/day) 1.05 23% anomalous
Ag rainbow trout (Oncorhynchus mykiss ) silver sulfide Fw juveniles 58-day na na 0.0242 treatment formulated 30 ~0 30 0.73 na na na na growth growth rate (%/day) 1.81 -32% anomalous NA NA NA NA NA NA Galvez and Wood 1999
Ag rainbow trout (Oncorhynchus mykiss ) silver sulfide FW juveniles 58-day na na 0.0226 treatment formulated 300 ~0 300 6.8 na na na na growth growth rate (%/day) 1.05 23% anomalous
Ag rainbow trout (Oncorhynchus mykiss ) silver sulfide FW juveniles 58-day na na 0.0233 treatment formulated 3000 ~0 3,000 70 na na na na growth growth rate (%/day) 1.47 7% anomalous
Ag rainbow trout (Oncorhynchus mykiss ) NA FW juveniles | 128-day na na 0.0136 control formulated 0.048 na na 0.00065 na na na na growth growth rate (%/day) 1.03 na control NA NA NA NA NA NA Galvez et al. 2001
Ag rainbow trout (Oncorhynchus mykiss ) silver thiosulphate FW juveniles 128-day na na 0.0148 treatment formulated 3.12 na na 0.046 na na na na growth growth rate (%/day) 1.03 0% NOEC*
Al Atlantic salmon (Salmo salar) NA FW 489 16-wk na 4.8 (init.) na control formulated 0 0% 0 na ~20 yes na na growth weight gain (g) 12.0 na control
Al Atlantic salmon (Salmo salar) aluminum chloride hexahydrate FW 489 16-wk na 4.8 (init.) na treatment formulated 25 10% 28 na ~20 yes na na growth weight gain (g) 12.0 0% NOEC(-)
Al Atlantic salmon (Salmo salar) aluminum chloride hexahydrate FW 489 16-wk na 4.8 (init.) na treatment formulated 50 10% 56 na ~20 yes na na growth weight gain (g) 121 -1% NOEC(-)
Al Atlantic salmon (Salmo salar) aluminum chloride hexahydrate FW 489 16-wk na 4.8 (init.) na treatment formulated 100 10% 112 na ~20 yes na na growth weight gain (g) 11.9 1% NOEC(-) NA NA NA NA NA NA Poston 1991
Al Atlantic salmon (Salmo salar) aluminum chloride hexahydrate FW 489 16-wk na 4.8 (init.) na treatment formulated 500 10% 558 na ~20 yes na na growth weight gain (g) 122 -2% NOEC(-)
Al Atlantic salmon (Salmo salar) aluminum chloride hexahydrate FW 489 16-wk na 4.8 (init.) na treatment formulated 1000 10% 1,116 na ~20 yes na na growth weight gain (g) 12.2 -2% NOEC(-)
Al Atlantic salmon (Salmo salar) aluminum chloride hexahydrate FW 489 16-wk na 4.8 (init.) na treatment formulated 1500 10% 1,674 na ~20 yes na na growth weight gain (g) 12.3 -3% NOEC(-)
Al Atlantic salmon (Salmo salar) aluminum chloride hexahydrate FW 489 16-wk na 4.8 (init.) na treatment formulated 2000 10% 2,232 na ~20 yes na na growth weight gain (g) 12.3 -3% NOEC*
Al rainbow trout (Oncorhynchus mykiss ) NA Fw 171g 42-day na 171 (init.) 0.05 control formulated na na na na <5 yes NR na survival mortality na na control NA NA NA NA NA NA Handy 1993a
Al rainbow trout (Oncorhynchus mykiss ) aluminum sulfate FW 171g 42-day na 171 (init.) 0.05 treatment formulated na na 10,000 500 <5 yes NR na survival mortality 1 mortality na NOEC*
As(1I)° |rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 8-wk na 3.59 (init.) na control formulated na na 1 0.02 na na na na growth weight gain (g) 8.7 na control
As(lIl)° 'rainbow trout (Oncorhynchus mykiss ) arsenic trioxide FW juveniles 8-wk na 3.59 (init.) na treatment formulated na na 180 297 na na na na growth weight gain (g) 5.96 31% LOEC*
As(lll)° 'rainbow trout (Oncorhynchus mykiss ) arsenic trioxide FW | juveniles 8-wk na 3.59 (init.) na treatment formulated na na 360 4.01 na na na na growth weight gain (g) 1.53 82% LOEC(+) Cockell and Hilton 1988
As(lIl)° 'rainbow trout (Oncorhynchus mykiss ) arsenic trioxide FW juveniles 8-wk na 3.59 (init.) na treatment formulated na na 732 4.49 na na na na growth weight gain (g) -0.30 103% LOEC(+)
As(1I)° |rainbow trout (Oncorhynchus mykiss ) arsenic trioxide FW juveniles 8-wk na 3.59 (init.) na treatment formulated na na 1,477 8.71 na na na na growth weight gain (g) -0.38 104% LOEC(+)
As(lIl)° 'rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 30-day na 0.242 (init.) na control worm (L. variegatus) na na 5 0.075 na na na na growth dry weight (g) 0.179 na control
As(IIl)° |rainbow trout (Oncorhynchus mykiss ) sodium arsenite FW | juveniles | 30-day na | 0.242 (init.) na treatment worm (L. variegatus) na na 28 0.44 na na na na growth dry weight (g) 0.156 13% NOEC Erickson et al. 2010
As(lll)° 'rainbow trout (Oncorhynchus mykiss ) sodium arsenite FW juveniles 30-day na 0.242 (init.) na treatment worm (L. variegatus) na na 61 1.05 na na na na growth dry weight (g) 0.133 26% LOEC
As(V)® rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 8-wk na 3.59 (init.) na control formulated na na 1 0.02 na na na na growth weight gain (g) 8.7 na control
As(V)° rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW juveniles 8-wk na 3.59 (init.) na treatment formulated na na 137 1.56 na na na na growth weight gain (g) 2.0 7% LOEC*
As(V)° rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW | juveniles 8-wk na 3.59 (init.) na treatment formulated na na 262 2.48 na na na na growth weight gain (g) 0.33 96% LOEC(+) Cockell and Hilton 1988
As(V)° rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW juveniles 8-wk na 3.59 (init.) na treatment formulated na na 500 3.32 na na na na growth weight gain (g) -0.51 106% LOEC(+)
As(V)® rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW juveniles 8-wk na 3.59 (init.) na treatment formulated na na 1,053 7.04 na na na na growth weight gain (g) -0.74 109% LOEC(+)
As(V)° rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 24-wk na 2.0 (init.) na control formulated na na 1 0.008 na na na na growth weight gain (g) 127.9 na control
As(V)® rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW juveniles 24-wk na 2.0 (init.) na treatment formulated na na 3 0.048 na na na na growth weight gain (g) 124.6 3% NOEC(-)
As(V)° rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW juveniles 24-wk na 2.0 (init.) na treatment formulated na na 6 0.102 na na na na growth weight gain (g) 125.8 2% NOEC(-) Cockell et al. 1991
As(V)® rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW juveniles 24-wk na 2.0 (init.) na treatment formulated na na 12 0.213 na na na na growth weight gain (g) 127.5 0% NOEC(-) pooled (see text) :
As(V)° rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW juveniles 24-wk na 2.0 (init.) na treatment formulated na na 33 0.642 na na na na growth weight gain (g) 117.2 8% NOEC
As(V)® rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW juveniles 24-wk na 2.0 (init.) na treatment formulated na na 65 1.260 na na na na growth weight gain (g) 68.0 47% LOEC
As(V)° rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 12-wk na 13.8 (init.) na control formulated na na 1 0.010 na na na na growth weight gain (g) 61.1 na control
As(V)° rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW | juveniles 12-wk na 13.8 (init.) na treatment formulated na na 32 0.329 na na na na growth weight gain (g) 57.0 % NOEC Cockell et al. 1992
As(V)° rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW juveniles 12-wk na 13.8 (init.) na treatment formulated na na 60 0.552 na na na na growth weight gain (g) 32.2 47% LOEC
As(V)® rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 12-wk na 35.5 (init.) na control formulated na na 1 na na na na na growth weight gain (g) 159.87 na control Cockell and Bettger 1993
As(V)° rainbow trout (Oncorhynchus mykiss ) disodium arsenate heptahydrate FW juveniles 12-wk na 35.5 (init.) na treatment formulated na na 58 na na na na na growth weight gain (g) 92.06 42% LOEC*
As(V)® rainbow trout (Oncorhynchus mykiss ) NA Fw juveniles 30-day na 0.151 (init.) na control worm (L. variegatus) na na 5 0.072 na na na na growth dry weight (g) 0.131 na control
As(V)° | rainbow trout (Oncorhynchus mykiss ) sodium arsenate dibasic heptahydrate FW | juveniles | 30-day na 0.151 (init.) na treatment worm (L. variegatus) na na 40 0.68 na na na na growth dry weight (g) 0.094 28% LOEC* Erickson et al. 2010
As(V)® rainbow trout (Oncorhynchus mykiss ) sodium arsenate dibasic heptahydrate Fw juveniles 30-day na 0.151 (init.) na treatment worm (L. variegatus) na na 76 1.39 na na na na growth dry weight (g) 0.084 36% LOEC(+)
As(V)° rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 28-day na na na control worm (L. variegatus) na na 1.6 0.039 0 yes total na growth wet weight (mg) 922 na control
As(V)® rainbow trout (Oncorhynchus mykiss ) sodium arsenate dibasic heptahydrate Fw juveniles 28-day na na na treatment worm (L. variegatus) na na 5.3 0.13 0 yes total na growth wet weight (mg) 932 -1% NOEC**
As(V)° rainbow trout (Oncorhynchus mykiss ) sodium arsenate dibasic heptahydrate FW juveniles 28-day na na na treatment worm (L. variegatus) na na 8.7 0.22 0 yes total na growth wet weight (mg) 890 3% NOEC* Erickson et al. 2011
As(V)® rainbow trout (Oncorhynchus mykiss ) sodium arsenate dibasic heptahydrate Fw juveniles 28-day na na na treatment worm (L. variegatus) na na 16.4 0.41 0 yes total na growth wet weight (mg) 892 3% NOEC** .
As(V)° rainbow trout (Oncorhynchus mykiss ) sodium arsenate dibasic heptahydrate FW juveniles 28-day na na na treatment worm (L. variegatus) na na 35 0.94 0 yes total na growth wet weight (mg) 820 11% NOEC*
As(V)® rainbow trout (Oncorhynchus mykiss ) sodium arsenate dibasic heptahydrate Fw juveniles 28-day na na na treatment worm (L. variegatus) na na 58 1.7 0 yes total na growth wet weight (mg) 730 21% LOEC**
Cd Prussian carp (Carassius auratus gibelic ) NA FW 10-wk ~32-mo na na 0.02 control formulated 0 20% 0 0 na na na na growth wet weight (g) 16.97 na control
Cd Prussian carp (Carassius auratus gibelic ) cadmium chloride FW 10-wk ~32-mo na na 0.02 100 20% 125 2 na na na na growth wet weight (g) 18.24 7% NOEC(-) "
Cd | Prussian carp (Carassius auratus gibelic) cadmium chloride FW 10wk | ~32-mo | na na 0.02 f 1000 20% 1,250 20 na na na na growth wet weight (g) 17.21 1% NOEC NA NA NA NA NA NA | Szczerbik et al. 2006
Cd Prussian carp (Carassius auratus gibelic ) cadmium chloride FW 10-wk ~32-mo na na 0.02 10000 20% 12,500 200 na na na na growth wet weight (g) 8.99 47% LOEC
Cd catfish (Clarias spp.) NA Fw 6.04 g 60-day na na 0.03 control Cladoceran (M. macrocopa ) na na ND ND na na na na growth wet weight (g) 12.81 na control
Cd catfish (Clarias spp.) cadmium nitrate FW 6.04 g 60-day na na 0.03 1 (M. pa) 4.12 75% 16.48 0.124 na na na na growth wet weight (g) 10.43 19% LOEC* NA NA NA NA NA NA Ruangsomboon and Wongrat 2006
Cd catfish (Clarias spp.) cadmium nitrate Fw 6.04 g 60-day na na 0.03 Cl ) (M. pa) 14.2 75% 56.6 0.425 na na na na growth wet weight (g) 10 22% LOEC(+)
Cd common carp (Cyprinus carpio) NA FW juveniles 28-day na na na control worm (T. tubifex ) 0.13 75% 0.5 0.0063 0.06 yes total na growth weight gain (g) 243 na control
Cd common carp (Cyprinus carpic ) cadmium chloride hydrate FW juveniles 28-day na na na treatment worm (T. tubifex ) 24 75% 9.5 0.12 9.4 yes total na growth weight gain (g) 204 16% NOEC(-) NA NA NA NA NA NA Reynders et al. 2006
Cd common carp (Cyprinus carpio) cadmium chloride hydrate FW juveniles 28-day na na na treatment worm (T. tubifex ) 30.6 75% 122.4 1.5 105 yes total na growth weight gain (g) 21.6 1% NOEC
Cd common carp (Cyprinus carpic ) cadmium chloride hydrate FW juveniles 28-day na na na treatment worm (T. tubifex ) 35.5 75% 141.9 1.8 480 yes total na growth weight gain (g) 8.4 65% LOEC
Cd channel catfish (Ictalurus punctatus) NA FW juveniles 30-day na na na control worm (L. variegatus) na na 2 0.032 na na na na growth dry weight (g) 0.144 na control
Cd channel catfish (lctalurus punctatus ) cadmium chloride FW juveniles 30-day na na na treatment worm (L. variegatus) na na 369 58 na na na na growth dry weight (g) 0.145 -1% NOEC(-) NA NA NA NA NA NA Erickson et al. 2010
Cd channel catfish (Ictalurus punctatus) cadmium chloride FW juveniles 30-day na na na treatment worm (L. variegatus) na na 538 8.2 na na na na growth dry weight (g) 0.146 1% NOEC*
Cd rainbow trout (Oncorhynchus mykiss ) NA Fw 130.7g 28-day na na na control formulated na na 0.047 0.00034 <1 yes na na survival survival (%) 100% na control NA NA NA NA NA NA Handy 1993b
Cd rainbow trout (Oncorhynchus mykiss ) cadmium sulfate FW 130.7 g 28-day na na na treatment formulated na na 10,000 68.2 <1 yes na na survival survival (%) 61% 39% LOEC**
Cd rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 28-day na na na control formulated na na 0.1 0.002 0.04 yes dissolved 3 growth growth rate (%/day) 2.03 na control
Cd rainbow trout (Oncorhynchus mykiss ) cadmium nitrate tetrahydrate Fw juveniles 28-day na na na treatment formulated na na 0.1 0.002 2.8 yes dissolved 3 growth growth rate (%/day) 212 -4% NOEC* NA NA NA NA NA NA Franklin et al. 2005
Cd rainbow trout (Oncorhynchus mykiss ) cadmium nitrate tetrahydrate FW juveniles 28-day na na na treatment formulated na na 471 9.42 0.32 yes dissolved 3 growth growth rate (%/day) 1.91 6% NOEC
Cd rainbow trout (Oncorhynchus mykiss ) NA Fw juveniles 28-day na na na control formulated - Ca amended na na 0.01 0.0002 0.04 yes dissolved 3 growth growth rate (%/day) 1.67 na control
Cd rainbow trout (Oncorhynchus mykiss ) cadmium nitrate tetrahydrate Fw juveniles 28-day na na na treatment formulated - Ca amended na na 0.01 0.0002 2.74 yes dissolved 3 growth growth rate (%/day) 1.72 -3% NOEC NA NA NA NA NA NA Franklin et al. 2005
Cd rainbow trout (Oncorhynchus mykiss ) cadmium nitrate tetrahydrate FW juveniles 28-day na na na treatment formulated - Ca amended na na 519 10.38 0.31 yes dissolved 3 growth growth rate (%/day) 1.65 1% NOEC*
Cd rainbow trout (Oncorhynchus mykiss ) NA Fw fry 60-day na na na control brine shrimp (Artemia sp.) na na 0.46 0.028 0.04 na total na growth wet weight (g) 2.203 na control
Cd rainbow trout (Oncorhynchus mykiss ) cadmium chloride FW fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 9.5 0.57 0.97 na total na growth wet weight (g) 2.181 1% NOEC(-) NA NA NA NA NA NA Mount et al. 1994
Cd rainbow trout (Oncorhynchus mykiss ) cadmium chloride Fw fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 36 22 0.97 na total na growth wet weight (g) 2248 -2% NOEC(-)
Cd rainbow trout (Oncorhynchus mykiss ) cadmium chloride FW fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 69 4.1 0.97 na total na growth wet weight (g) 2.397 -9% NOEC*
Cd rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 1-mo na na na control worm (L. variegatus) 0.1 84% 0.6 0.0038 na na na na growth growth rate (%/day) 1.6 na control
Cd rainbow trout (Oncorhynchus mykiss ) cadmium nitrate FW juveniles 1-mo na na na treatment worm (L. variegatus) 0.6 84% 3.8 0.0213 na na na na growth growth rate (%/day) 1.8 -13% NOEC(-) 42 67 168 0.23 0.36 0.90 Ng and Wood 2008
Cd rainbow trout (Oncorhynchus mykiss ) cadmium nitrate FW juveniles 1-mo na na na treatment worm (L. variegatus) 22 84% 13.8 0.0750 na na na na growth growth rate (%/day) 1.9 -19% NOEC
Cd rainbow trout (Oncorhynchus mykiss ) cadmium nitrate FW juveniles 1-mo na na na treatment worm (L. variegatus) 30.3 84% 189.4 1.012 na na na na growth growth rate (%/day) 0.8 50% LOEC
Cd rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 1-mo na na na control oligochaete worm pellets na na 0.2 0.0011 0.06 yes na ~3 growth growth rate, weeks 3-4 (%/day) 0.63 na control NA NA NA NA NA NA Ng et al. 2009
Cd rainbow trout (Oncorhynchus mykiss ) cadmium nitrate tetrahydrate FW juveniles 1-mo na na na treatment oligochaete worm pellets na na 11.6 0.0692 0.06 yes na ~3 growth growth rate, weeks 3-4 (%/day) 0.06 0% LOEC*
Cd rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 1-mo na na na control oligochaete worm pellets - high Ca na na 0.2 0.0016 0.06 yes na ~3 growth growth rate, weeks 3-4 (%/day) 0.54 na control NA NA NA NA NA NA Ng et al. 2009
Cd rainbow trout (Oncorhynchus mykiss ) cadmium nitrate tetrahydrate FW juveniles 1-mo na na na treatment oligochaete worm pellets - high Ca na na 9.6 0.0660 0.06 yes na ~3 growth growth rate, weeks 3-4 (%/day) 0.42 22% NOEC*
Cd rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 30-day na na na control worm (L. variegatus) na na 2 0.030 na na na na growth dry weight (g) 0.116 na control :
Cd rainbow trout (Oncorhynchus mykiss ) cadmium chloride FW juveniles 30-day na na na treatment worm (L. variegatus) na na 91 1.5 na na na na growth dry weight (g) 0.103 1% NOEC* NA NA NA NA NA NA Erickson et al. 2010
Cd fathead minnow (Pimephales promelas) NA Fw juveniles 30-day na na na control worm (L. variegatus) na na 2 0.035 na na na na growth dry weight (g) 0.131 na control
Cd fathead minnow (Pimephales promelas) cadmium chloride Fw juveniles 30-day na na na treatment worm (L. variegatus) na na 356 6.5 na na na na growth dry weight (g) 0.131 0% NOEC(-) NA NA NA NA NA NA Erickson et al. 2010
Cd fathead minnow (Pimephales promelas) cadmium chloride FW juveniles 30-day na na na treatment worm (L. variegatus) na na 518 9.7 na na na na growth dry weight (g) 0.125 5% NOEC*
Cd guppy (Poecilia reticulate ) NA FW 19-d 30-day na na na control Cladoceran (M. macrocopa ) na na 0.56 na na na na na growth length (mm) 9.5 na control
Cd uj Poecilia reticulate NR Fw 19-d 30-da na na na 1 (M. na na 69.51 na na na na na rowth length (mm 9.4 1% NOEC(-
od auny ;Poecilia reticulate; NR Fw tod | 30day e na na c \ :M. p ; na na 125.9 na na na na na arowth fongth Emm; 8.9 6% NOEC:—; NA NA NA NA NA NA | Hatakeyama and Yasuno 1982
Cd  |guppy (Poecilia reticulate ) NR FW 19-d 30-day na na na Cl ) (M. pa) na na 170.61 na na na na na growth length (mm) 9.0 5% NOEC*
Cd guppy (Poecilia reticulate ) NA FW fry 30-day na na na control midge larvae na na 0 na na na na na reproduction total fry/female 146 na control
Cd guppy (Poecilia reticulate ) cadmium chloride FW fry 30-day na na na treatment midge larvae na na 500 na na na na na reproduction total fry/female 130 1% NOEC**
Cd guppy (Poecilia reticulate ) cadmium chloride FW fry 30-day na na na treatment midge larvae na na 800 na na na na na reproduction total fry/female 99 32% LOEC** 1140 622 459 NA NA NA Hatakeyama and Yasuno 1987
Cd guppy (Poecilia reticulate ) cadmium chloride FW fry 30-day na na na treatment midge larvae na na 1,300 na na na na na reproduction total fry/female 63 57% LOEC(+)
Cd Atlantic salmon (Salmo salar) NA FW parr 4-mo na na na control formulated na na 0 na na na na na growth relative growth (%) na na control
Cd Atlantic salmon (Salmo salar) NR FW parr 4-mo na na na treatment formulated na na 0.5 na na na na na growth relative growth (%) na na NOEC(-)
Cd Atlantic salmon (Salmo salar) NR FW parr 4-mo na na na treatment formulated na na 5 na na na na na growth relative growth (%) na na NOEC(-)
Cd Atlantic salmon (Salmo salar) NR FW parr 4-mo na na na treatment formulated na na 25 na na na na na growth relative growth (%) na na NOEC(-) NA NA NA NA NA NA Lundebye et al. 1999
Cd Atlantic salmon (Salmo salar) NR FW parr 4-mo na na na treatment formulated na na 125 na na na na na growth relative growth (%) na na NOEC(-)
Cd Atlantic salmon (Salmo salar) NR FW parr 4-mo na na na treatment formulated na na 250 na na na na na growth relative growth (%) na na NOEC*
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Exposure Information

Diet-Borne Concentration and Dose Water-Borne Concentration Toxicity Information Concentration (mg/kg dw) Dose (mg/kg/d)
% Effect

Water = Age/Size at | Exposure FIR BW FIR Control or mg/kg mg/kg Total or DoC Endpoint (Control- NOEC or
Metal | Species Chemical Form Type Initiation | Duration (g/d) (9) (Groos/Taw/d)® | Treatment? Diet Type ww Moisture | mg/kg dw bw/day ug/L Measured? | Dissolved?  (mg/L) Type Endpoint® Measure Normalized) LOEC? EC10 EC20 EC50 EC10 EC20 EC50 Reference
Cd Atlantic salmon (Salmo salar) NA FW parr 4-mo na na na control formulated na na 0.1 na 0.12 yes total na deformity bone deformities (%) na na control
Cd Atlantic salmon (Salmo salar) cadmium sulfate octahydrate FW parr 4-mo na na na treatment formulated na na 0.8 na na na na na deformity bone deformities (%) na na NOEC(-)
Cd Atlantic salmon (Salmo salar) cadmium sulfate octahydrate FW parr 4-mo na na na treatment formulated na na 6.7 na na na na na deformity bone deformities (%) na na NOEC(-)
Cd Atlantic salmon (Salmo salar) cadmium sulfate octahydrate FW parr 4-mo na na na treatment formulated na na 21.6 na na na na na deformity bone deformities (%) na na NOEC(-) NA NA NA NA NA NA Berntssen et al. 2003
Cd Atlantic salmon (Salmo salar) cadmium sulfate octahydrate FW parr 4-mo na na na treatment formulated na na 112.2 na na na na na deformity bone deformities (%) na na NOEC(-)
Cd Atlantic salmon (Salmo salar) cadmium sulfate octahydrate FW parr 4-mo na na na treatment formulated na na 204.1 na 0.15 yes total na deformity bone deformities (%) na na NOEC*
Cr(lll)  common carp (Cyprinus carpio) NA FW juveniles 8-wk na na 0.03 control formulated 0.69 36.0 1.1 0.021 na na na na growth growth rate (%/day) 1.79 na control
Cr(lll)  common carp (Cyprinus carpio) chromium chloride hexahydrate Fw juveniles 8-wk na na 0.03 treatment formulated 1.24 37.0 2.0 0.037 na na na na growth growth rate (%/day) 1.98 -11% NOEC NA NA NA NA NA NA Ahmed et al. 2012
Cr(lll)  common carp (Cyprinus carpio) chromium chloride hexahydrate FW juveniles 8-wk na na 0.03 treatment formulated 2.46 37.7 3.9 0.074 na na na na growth growth rate (%/day) 1.58 12% LOEC
Cr(lll) |rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 8-wk 0.1796 8.27 0.022 control formulated 1.56 9.58 1.7 0.03 na na na na growth growth rate (%/day) 1.45 na control
Cr(lll) rainbow trout (Oncorhynchus mykiss ) chromium chloride hexahydrate FW juveniles 8-wk 0.2258 10.28 0.022 treatment formulated 2.45 9.67 27 0.05 na na na na growth growth rate (%/day) 1.67 -15% NOEC(-) 65 8.1 125 0.13 017 0.29 Tacon and Beveridge 1982
Cr(lll) |rainbow trout (Oncorhynchus mykiss ) chromium chloride hexahydrate FW juveniles 8-wk 0.1917 8.69 0.022 treatment formulated 5.91 9.63 6.5 0.13 na na na na growth growth rate (%/day) 1.40 3% NOEC
Cr(lll) rainbow trout (Oncorhynchus mykiss ) chromium chloride hexahydrate FW juveniles 8-wk 0.1827 7.65 0.024 treatment formulated 8.17 9.88 9.1 0.20 na na na na growth growth rate (%/day) 1.14 21% LOEC
Cr(Ill) tilapia (Orechromis niloticus x O. aureus ) NA FW 123g 8-wk na na 0.05 control formulated 0.36 9.0-13.7 0.41 0.021 0.31 yes total na growth weight gain (%) 591.5 na control NA NA NA NA NA NA Shiau and Lin 1993
Cr(lll) tilapia (Orechromis niloticus x O. aureus ) chromium chloride FW 1.23g 8-wk na na 0.05 treatment formulated 1.6 9.0-13.7 1.78 0.089 na na na na growth weight gain (%) 697.4 -18% NOEC*
Cr(Ill) tilapia (Orechromis niloticus x O. aureus ) NA FW 123g 8-wk na na 0.05 control formulated 0.37 9.0-13.7 0.42 0.021 0.31 yes total na growth weight gain (%) 896.8 na control NA NA NA NA NA NA Shiau and Lin 1993
Cr(lll) tilapia (Orechromis niloticus x O. aureus ) chromium chloride FW 1.23g 8-wk na na 0.05 treatment formulated 1.6 9.0-13.7 1.76 0.088 na na na na growth weight gain (%) 964.9 -8% NOEC*
Cu common carp (Cyprinus carpio) NA FW juveniles 42-day na na 0.0084 control formulated na na 5 0.042 na na na na growth weight gain (g) 8.5 na control
Cu common carp (Cyprinus carpio ) copper sulfate pentahydrate Fw juveniles 42-day na na 0.0108 treatment formulated na na 1,000 10.8 na na na na growth weight gain (g) 16.2 -91% NOEC NA NA NA NA NA NA Ajani and Akpoilih 2012
Cu common carp (Cyprinus carpio) copper sulfate pentahydrate FW juveniles 42-day na na 0.0106 treatment formulated na na 2,000 21.2 na na na na growth weight gain (g) -1.67 120% LOEC
Cu zebrafish (Danio rerio ) NA Fw ~0.25¢g 260-day na na 0.02 control formulated na na 8 0.16 75 yes total na reproduction GSI 11.0 na control
Cu zebrafish (Danio rerio) copper sulfate pentahydrate FW ~0.25¢g 260-day na na 0.02 treatment formulated na na 135 2.7 26.7 yes total na reproduction GSI 16.2 -47% NOEC(-)
Cu zebrafish (Danio rerio) copper sulfate pentahydrate FW  ~025g  260-day  na na 0.02 treatment formulated na na 644 12.9 38.9 yes total na | reproduction Gsl 12.9 7% NOEG(-) 8%0 1103 1688 178 21 338 | Alsopetal 2007
Cu zebrafish (Danio rerio) copper sulfate pentahydrate FW ~0.25¢g 260-day na na 0.02 treatment formulated na na 1,368 274 49.3 yes total na reproduction GSI 8.7 21% NOEC*
Cu channel catfish (ctalurus punctatus ) NA FW  fingerlings 16-wk na 14.5 na control formulated 1.5 na na na 0.33 yes na na growth weight gain (g) 67.7 na control
Cu channel catfish (Ictalurus punctatus) copper sulfate FW fingerlings 16-wk na 14.5 na treatment formulated 3.5 na na na 0.33 yes na na growth weight gain (g) 741 -9% NOEC(-)
Cu channel catfish (Ictalurus punctatus ) copper sulfate FW  fingerlings 16-wk na 14.5 na treatment formulated 5.5 na na na 0.33 yes na na growth weight gain (g) 70.9 -5% NOEC(-) na na na na na na Murai et al. 1981
Cu channel catfish (Ictalurus punctatus) copper sulfate FW fingerlings 16-wk na 14.5 na treatment formulated 9.5 na na na 0.33 yes na na growth weight gain (g) 62.2 8% NOEC
Cu channel catfish (Ictalurus punctatus ) copper sulfate FW  fingerlings 16-wk na 14.5 na treatment formulated 17.5 na na na 0.33 yes na na growth weight gain (g) 43.2 36% LOEC
Cu channel catfish (Ictalurus punctatus) copper sulfate FW fingerlings 16-wk na 14.5 na treatment formulated 33.5 na na na 0.33 yes na na growth weight gain (g) 40.7 40% LOEC(+)
Cu channel catfish (Ictalurus punctatus ) NA FW  fingerlings 13-wk na na 0.03 control formulated na na 0.89 0.027 na na na na growth weight gain (%) 8.1 na control
Cu channel catfish (Ictalurus punctatus) copper sulfate pentahydrate FW fingerlings 13-wk na na 0.03 treatment formulated na na 2 0.060 na na na na growth weight gain (%) 7.2 11% NOEC(-)
Cu channel catfish (lctalurus punctatus ) copper sulfate pentahydrate FW  fingerlings 13-wk na na 0.03 treatment formulated na na 4 0.12 na na na na growth weight gain (%) 8.0 2% NOEC(-)
Cu channel catfish (lctalurus punctatus ) copper sulfate pentahydrate FW  fingerlings 13-wk na na 0.03 treatment formulated na na 6 0.18 na na na na growth weight gain (%) 7.6 7% NOEC(-) NA NA NA NA NA NA Gatlin and Wilson 1986
Cu channel catfish (Ictalurus punctatus ) copper sulfate pentahydrate FW  fingerlings 13-wk na na 0.03 treatment formulated na na 8 0.24 na na na na growth weight gain (%) 72 11% NOEC(-)
Cu channel catfish (Ictalurus punctatus) copper sulfate pentahydrate FW fingerlings 13-wk na na 0.03 treatment formulated na na 10 0.30 na na na na growth weight gain (%) 8.0 2% NOEC(-)
Cu channel catfish (Ictalurus punctatus ) copper sulfate pentahydrate FW  fingerlings 13-wk na na 0.03 treatment formulated na na 40 1.2 na na na na growth weight gain (%) 8.0 2% NOEC*
Cu channel catfish (Ictalurus punctatus) NA FW juveniles 30-day na 0.807 na control worm (L. variegatus) na na 12 0.19 na na na na growth dry weight (g) 0.144 na control
Cu channel catfish (lctalurus punctatus ) copper sulfate pentahydrate FW juveniles 30-day na 0.845 na treatment worm (L. variegatus) na na 157 1.8 na na na na growth dry weight (g) 0.154 7% NOEC(-) NA NA NA NA NA NA Erickson et al. 2010
Cu channel catfish (Ictalurus punctatus) copper sulfate pentahydrate FW juveniles 30-day na 0.802 na treatment worm (L. variegatus) na na 246 29 na na na na growth dry weight (g) 0.140 3% NOEC*
Cu hybrid striped bass (Morone chrysops x M. saxatilis) NA FW adults 42-day na na 0.02 control formulated na na 5 0.10 BDL yes total na growth growth (%) 88.2 na control NA NA NA NA NA NA Bielmyer et al. 2005
Cu hybrid striped bass (Morone chrysops x M. saxatilis ) copper sulfate pentahydrate FW adults 42-day na na 0.02 treatment formulated na na 571 11.42 BDL yes total na growth growth (%) 74.4 16% NOEC*
Cu hybrid striped bass (Morone chrysops x M. saxatilis) copper sulfate pentahydrate sSwW adults 42-day na na 0.02 treatment formulated na na 5 0.1 BDL yes total na growth growth (%) 60.5 na control NA NA NA NA NA NA Bielmyer et al. 2005
Cu hybrid striped bass (Morone chrysops x M. saxatilis ) copper sulfate pentahydrate SwW adults 42-day na na 0.02 treatment formulated na na 571 114 BDL yes total na growth growth (%) 50.4 17% NOEC*
Cu rainbow trout (Oncorhynchus mykiss ) NA Fw 8g 20-wk na 8 0.017 control formulated na na 25 0.043 4.0 yes total na growth weight gain (g) 85 na control NA NA NA NA NA NA Knox et al. 1984
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate FW 8g 20-wk na 8 0.017 treatment formulated na na 495 8.5 4.0 yes total na growth weight gain (g) 777 9% NOEC**
Cu rainbow trout (Oncorhynchus mykiss ) NA Fw juveniles 16-wk na 3.1 na control formulated na na 8.1 na 3-10 yes na na growth wet weight (kg/100 fish) 63.3 na control NA NA NA NA NA NA Lanno et al. 1985a
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 16-wk na 3.1 na treatment formulated na na 796 na 3-10 yes na na growth wet weight (kg/100 fish) 15.1 76% LOEC*
Cu rainbow trout (Oncorhynchus mykiss ) NA Fw juveniles 8-wk na 3.8 na control formulated na na 9.0 na 6.5-9.6 yes na na growth wet weight (g) 253 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 8-wk na 3.8 na treatment formulated na na 37 na 6.5-9.6 yes na na growth wet weight (g) 243 4% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 8-wk na 3.8 na treatment formulated na na 83 na 6.5-9.6 yes na na growth wet weight (g) 25.0 1% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 8-wk na 3.8 na treatment formulated na na 171 na 6.5-9.6 yes na na growth wet weight (g) 254 0% NOEC(-) 332 430 717 NA NA NA Lanno et al. 1985b
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 8-wk na 3.8 na treatment formulated na na 287 na 6.5-9.6 yes na na growth wet weight (g) 25.2 0% NOEC*
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 8-wk na 3.8 na treatment formulated na na 730 na 6.5-9.6 yes na na growth wet weight (g) 11.2 56% LOEC**
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 8-wk na 3.8 na treatment formulated na na 1,585 na 6.5-9.6 yes na na growth wet weight (g) 3.7 85% LOEC(+)
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 8-wk na 3.8 na treatment formulated na na 3,088 na 6.5-9.6 yes na na growth wet weight (g) 1.8 93% LOEC(+)
Cu rainbow trout (Oncorhynchus mykiss ) NA Fw juveniles 24-wk na 11.7 na control formulated na na 8.5 na 5-15 yes na na growth wet weight (g) 14.1 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 24-wk na 1.7 na treatment formulated na na 132 na 5-15 yes na na growth wet weight (g) 14.8 -5% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 24-wk na 1.7 na treatment formulated na na 258 na 5-15 yes na na growth wet weight (g) 14.8 -5% NOEC(-) NA NA NA NA NA NA Lanno et al. 1985b
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 24-wk na 1.7 na treatment formulated na na 403 na 5-15 yes na na growth wet weight (g) 14.7 -4% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 24-wk na 1.7 na treatment formulated na na 511 na 5-15 yes na na growth wet weight (g) 15.0 -6% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 24-wk na 1.7 na treatment formulated na na 664 na 5-15 yes na na growth wet weight (g) 13.9 1% NOEC**
Cu rainbow trout (Oncorhynchus mykiss ) NA Fw 35g 9-wk na na 0.017 control formulated na na 35 0.060 1.5 yes total na growth weight gain (g) 44 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW 369 9-wk na na 0.017 treatment formulated na na 102 1.7 15 yes total na growth weight gain (g) 24 45% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW 379 9-wk na na 0.017 treatment formulated na na 194 3.3 15 yes total na growth weight gain (g) 29 34% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate Fw 38g 9-wk na na 0.017 treatment formulated na na 405 6.9 15 yes total na growth weight gain (g) 40 9% NOEC(-) 881 947 1093 15.1 16.2 18.7 Julshamn et al. 1988
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW 399 9-wk na na 0.017 treatment formulated na na 603 10.3 15 yes total na growth weight gain (g) 33 25% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW 40g 9-wk na na 0.017 treatment formulated na na 810 13.9 15 yes total na growth weight gain (g) 31 30% NOEC
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW 419 9-wk na na 0.017 treatment formulated na na 990 17.0 15 yes total na growth weight gain (g) 23 48% LOEC
Cu rainbow trout (Oncorhynchus mykiss ) NA FW 130.7 g 28-day na na 0.0074 control formulated na na 15.8 0.12 <1 yes na na survival survival (%) na 0% control NA NA NA NA NA NA Handy 1993b
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate Fw 130.7g 28-day na na 0.0069 treatment formulated na na 10,000 69.2 <1 yes na na survival survival (%) na 3% NOEC*
Cu rainbow trout (Oncorhynchus mykiss ) NA FW fry 60-day na na na control brine shrimp (Artemia sp.) na na 9.4 0.564 12.2 na total na survival survival (%) 100 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper chloride FW fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 440 26.40 23 na total na survival survival (%) 95 5% NOEC
Cu rainbow trout (Oncorhynchus mykiss ) copper chloride FW fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 830 49.8 23 na total na survival survival (%) 69 31% LOEC 534 740 1383 320 444 830 Mount et al. 1994
Cu rainbow trout (Oncorhynchus mykiss ) copper chloride Fw fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 1,000 60.0 23 na total na survival survival (%) 72 28% LOEC(+)
Cu rainbow trout (Oncorhynchus mykiss ) NA FW >46.5¢g 3-mo na na 0.0162 control formulated na na 16.3 0.26 <6.3 yes total na growth growth rate (%/day) 1.71 na control NA NA NA NA NA NA Handy et al. 1999
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate Fw >46.59g 3-mo na na 0.0169 treatment formulated na na 489.8 8.28 <6.3 yes total na growth growth rate (%/day) 1.64 4% NOEC*
Cu rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 15-day na na 0.08 control formulated na na 4.6 0.37 na na na na growth growth rate (%/day) 6.7 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper oxide FW juveniles 15-day na na 0.08 treatment formulated (CuO) na na 292.8 23.4 na na na na growth growth rate (%/day) 6.4 4% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate Fw juveniles 15-day na na 0.08 treatment formulated (CuSo4) na na 323.4 259 na na na na growth growth rate (%/day) 6.6 1% NOEC(-) NA NA NA NA NA NA Kjoss et al. 2006
Cu rainbow trout (Oncorhynchus mykiss ) copper proteinate FW juveniles 15-day na na 0.08 treatment formulated (Cu proteinate) na na 312.7 25.0 na na na na growth growth rate (%/day) 6.2 7% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper lysine FW juveniles 15-day na na 0.08 treatment formulated (Cu-lysine) na na 359.1 28.7 na na na na growth growth rate (%/day) 6.1 9% NOEC*
Cu rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 4-wk na na 0.08 control formulated na na 23.4 1.9 na na na na growth growth rate (%/day) 3.6 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper oxide FW juveniles 4-wk na na 0.08 treatment formulated (CuO) na na 411.9 33.0 na na na na growth growth rate (%/day) 4.2 -17% NOEC*
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 4-wk na na 0.08 treatment formulated (CuSO4) na na 401.4 32.1 na na na na growth growth rate (%/day) 3.1 14% NOEC(-) NA NA NA NA NA NA Kjoss et al. 2006
Cu rainbow trout (Oncorhynchus mykiss ) copper proteinate FW juveniles 4-wk na na 0.08 treatment formulated (Cu proteinate) na na 403.6 32.3 na na na na growth growth rate (%/day) 3.1 14% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper lysine FW juveniles 4-wk na na 0.08 treatment formulated (Cu-lysine) na na 379.8 30.4 na na na na growth growth rate (%/day) 3.4 6% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 28-day na na 0.04 control formulated na na 1.4 0.5 3 yes total na growth weight gain (g) 26.33 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 28-day na na 0.04 treatment formulated na na 277.8 11.1 3 yes total na growth weight gain (g) 38.31 -45% NOEC(-) NA NA NA NA NA NA Kamunde et al. 2001
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 28-day na na 0.04 treatment formulated na na 1,041.9 41.7 3 yes total na growth weight gain (g) 28.65 -9% NOEC*
Cu rainbow trout (Oncorhynchus mykiss ) NA Fw juveniles 50-day na na 0.04 control formulated na na 3.20 0.13 3.08 yes total 3 growth weight gain (g) 26.2 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 50-day na na 0.04 treatment formulated na na 0.80 0.03 0.37 yes total 3 growth weight gain (g) 20.0 na Cu-deficient
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 50-day na na 0.04 treatment formulated na na 3.20 0.13 0.37 yes total 3 growth weight gain (g) 254 3% NOEC(-) NA NA NA NA NA NA Kamunde et al. 2002
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 50-day na na 0.04 treatment formulated na na 0.80 0.03 3.08 yes total 3 growth weight gain (g) 258 2% NOEC(-)
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 50-day na na 0.04 treatment formulated na na 282 11.28 3.08 yes total 3 growth weight gain (g) 28.8 -10% NOEC
Cu rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 35-day na na 0.015 control formulated (1.5% ration) na na 0.31 0.005 1.4 yes total 0.4 growth growth rate (%/day) 1.6 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 35-day na na 0.015 treatment formulated (1.5% ration) na na 15.75 0.24 1.4 yes total 0.4 growth growth rate (%/day) 15 6% NOEC* NA NA NA NA NA NA Kamunde and Wood 2003
Cu rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 35-day na na 0.03 control formulated (3.0% ration) na na 0.31 0.009 1.4 yes total 0.4 growth growth rate (%/day) 29 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 35-day na na 0.03 treatment formulated (3.0% ration) na na 7.87 0.24 1.4 yes total 0.4 growth growth rate (%/day) 3 -3% NOEC* NA NA NA NA NA NA Kamunde and Wood 2003
Cu rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 35-day na na 0.045 control formulated (4.5% ration) na na 0.31 0.01 1.4 yes total 0.4 growth growth rate (%/day) 2.8 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 35-day na na 0.045 treatment formulated (4.5% ration) na na 5.24 0.24 1.4 yes total 0.4 growth growth rate (%/day) 28 0% NOEC* NA NA NA NA NA NA Kamunde and Wood 2003
Cu rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 28-day na na 0.04 control formulated (1.5% Na) 6.1 8.5% 6.7 0.24 3-6 yes total na growth condition factor 1.009 na control NA NA NA NA NA NA Kjoss et al. 2005
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 28-day na na 0.04 treatment formulated (1.5% Na) 579.1 8.5% 632.9 23.16 3-6 yes total na growth condition factor 1.056 -5% NOEC*
Cu rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 28-day na na 0.04 control formulated (3.0% Na) 6.1 8.5% 6.7 0.24 3-6 yes total na growth condition factor 0.937 na control NA NA NA NA NA NA Kjoss et al. 2005
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 28-day na na 0.04 treatment formulated (3.0% Na) 579.1 8.5% 632.9 23.16 3-6 yes total na growth condition factor 0.88 6% NOEC*
Cu rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 28-day na na 0.04 control formulated (4.5% Na) 6.1 8.5% 6.7 0.24 3-6 yes total na growth condition factor 0.902 na control NA NA NA NA NA NA Kjoss et al. 2005
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 28-day na na 0.04 treatment formulated (4.5% Na) 579.1 8.5% 632.9 23.16 3-6 yes total na growth condition factor 0.961 7% NOEC*
Cu rainbow trout (Oncorhynchus mykiss ) NA FW juveniles 30-day na na na control worm (L. variegatus) na na 12 0.16 na na na na growth dry weight (g) 0.235 na control
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 30-day na na na treatment worm (L. variegatus) na na 180 23 na na na na growth dry weight (g) 0.279 -19% NOEC(-) NA NA NA NA NA NA Erickson et al. 2010
Cu rainbow trout (Oncorhynchus mykiss ) copper sulfate pentahydrate FW juveniles 30-day na na na treatment worm (L. variegatus) na na 308 4.0 na na na na growth dry weight (g) 0.267 -14% NOEC*
Cu Nile tilapia (Oreochromis niloticus ) NA Fw 8529 42-day na na na control formulated na na 3.22 na <61 na na na growth growth rate (%/day) 1.58 na control
Cu Nile tilapia (Oreochromis niloticus ) copper sulfate pentahydrate FW 85.2¢g 42-day na na na treatment formulated na na 1,968 na <61 na na na growth growth rate (%/day) 1.20 24% LOEC* NA NA NA NA NA NA Shaw and Handy 2006
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Exposure Information

Diet-Borne Concentration and Dose Water-Borne Concentration Toxicity Information Concentration (mg/kg dw) Dose (mg/kg/d)
% Effect

Water = Age/Size at | Exposure FIR BW FIR Control or mg/kg mg/kg Total or DoC Endpoint (Control- NOEC or
Metal | Species Chemical Form Type Initiation | Duration (g/d) (9) (Groos/Taw/d)® | Treatment? Diet Type ww Moisture | mg/kg dw bw/day ug/L Measured? | Dissolved?  (mg/L) Type Endpoint® Measure Normalized) LOEC? EC10 EC20 EC50 EC10 EC20 EC50 Reference
Cu fathead minnow (Pimephales promelas) NA Fw juveniles 30-day na na na control worm (L. variegatus) na na 12 0.20 na na na na growth dry weight (g) 0.131 na control
Cu fathead minnow (Pimephales promelas) copper sulfate pentahydrate FW juveniles 30-day na na na treatment worm (L. variegatus) na na 131 1.9 na na na na growth dry weight (g) 0.141 -8% NOEC(-) NA NA NA NA NA NA Erickson et al. 2010
Cu fathead minnow (Pimephales promelas) copper sulfate pentahydrate FW juveniles 30-day na na na treatment worm (L. variegatus) na na 216 4.1 na na na na growth dry weight (g) 0.153 -17% NOEC*
Cu fathead minnow (Pimephales promelas) NA FW adults 28-day na na 0.05 control worm (L. variegatus) na na 19.2 0.19 0.73 yes dissolved na growth condition factor 1.33 na control NA NA NA NA NA NA Lapointe et al. 2011
Cu fathead minnow (Pimephales promelas) copper sulfate Fw adults 28-day na na 0.05 treatment worm (L. variegatus) na na 156 1.6 1.88 yes dissolved na growth condition factor 1.30 2% NOEC*
Cu fathead minnow (Pimephales promelas) NA FW adults 28-day na na 0.05 control worm (L. variegatus) na na 19.2 0.19 0.73 yes dissolved na growth condition factor 0.97 na control NA NA NA NA NA NA Lapointe et al. 2011
Cu fathead minnow (Pimephales promelas) copper sulfate Fw adults 28-day na na 0.05 treatment worm (L. variegatus) na na 156 1.6 1.88 yes dissolved na growth condition factor 0.98 -1% NOEC*
Cu Atlantic salmon (Salmo salar) NA FW fry 3-mo na na 0.034 control formulated na na 7.2 0.24 0.6 yes total na growth wet weight (g) 10.3 na control
Cu Atlantic salmon (Salmo salar) copper sulfate pentahydrate FW fry 3-mo na na 0.034 treatment formulated na na 37 13 0.6 yes total na growth wet weight (g) 11.9 -16% NOEC(-)
Cu Atlantic salmon (Salmo salar) copper sulfate pentahydrate FW fry 3-mo na na 0.034 treatment formulated na na 467 15.9 1.2 yes total na growth wet weight (g) 9.1 12% NOEC(-)
Cu | Aflantic salmon (Salmo salar) copper sulfate pentahydrate FW fry 3-mo na na 0.034 treatment formulated na na 638 217 16 yes total na growth wet weight (g) 87 16% NOEC 320 666 2658 109 226 7.2 | Bemissen etal. 19993
Cu Atlantic salmon (Salmo salar) copper sulfate pentahydrate FW fry 3-mo na na 0.034 treatment formulated na na 868 29.5 1.6 yes total na growth wet weight (g) 7.5 27% LOEC
Cu Atlantic salmon (Salmo salar) copper sulfate pentahydrate Fw fry 3-mo na na 0.034 treatment formulated na na 1,780 60.5 1.4 yes total na growth wet weight (g) 6.6 36% LOEC(+)
Cu Atlantic salmon (Salmo salar) NA FW parr 4-wk na na 0.024 control formulated na na 5.3 0.13 na na na na growth wet weight (g) 80.3 na control
Cu Atlantic salmon (Salmo salar) copper sulfate pentahydrate FW parr 4-wk na na 0.024 treatment formulated na na 34.2 0.82 na na na na growth wet weight (g) 77.3 4% NOEC(-) NA NA NA NA NA NA Berntssen et al. 1999b
Cu Atlantic salmon (Salmo salar) copper sulfate pentahydrate FW parr 4-wk na na 0.024 treatment formulated na na 691.3 16.6 na na na na growth wet weight (g) 73.9 8% NOEC*
Cu Atlantic salmon (Salmo salar) NA FW  fingerlings 12-wk na na na control formulated na na 5 na na na na na growth relative growth (%) 966 na control
Cu Atlantic salmon (Salmo salar) NR FW fingerlings 12-wk na na na treatment formulated na na 35 na na na na na growth relative growth (%) 1,099 -14% NOEC(-)
Cu Atlantic salmon (Salmo salar) NR FW  fingerlings 12-wk na na na treatment formulated na na 500 na na na na na growth relative growth (%) 924 4% NOEC
Cu Atlantic salmon (Salmo salar) NR FW fingerlings 12-wk na na na treatment formulated na na 700 na na na na na growth relative growth (%) 800 17% LOEC 328 634 1,956 NA NA NA Lundebye et al. 1999
Cu Atlantic salmon (Salmo salar) NR FW  fingerlings 12-wk na na na treatment formulated na na 900 na na na na na growth relative growth (%) 689 29% LOEC(+)
Cu Atlantic salmon (Salmo salar) NR FW fingerlings 12-wk na na na treatment formulated na na 1,750 na na na na na growth relative growth (%) 583 40% LOEC(+)
MeHg‘1 fathead minnow (Pimephales promelas ) methylmercuric chloride FW juveniles 195-day na na na control formulated na na 0.06 na na na na na reproduction spawning success (%) 75 na control
MeHg® |fathead minnow (Pimephales promelas ) methylmercuric chloride Fw juveniles 195-day na na na treatment formulated na na 0.88 na na na na na reproduction spawning success (%) 46 39% LOEC .
MeHg‘1 fathead minnow (Pimephales promelas ) methylmercuric chloride FW juveniles 195-day na na na treatment formulated na na 4.1 na na na na na reproduction spawning success (%) 50 33% LOEC(+) 021 048 B NA NA NA Hammerschmidt et al. 2002
MeHg® |fathead minnow (Pimephales promelas ) methylmercuric chloride Fw juveniles 195-day na na na treatment formulated na na 8.46 na na na na na reproduction spawning success (%) 36 52% LOEC(+)
MeHg® | fathead minnow (Pimephales promelas ) methylmercuric chloride FW  juveniles | 250-day na na 0.05 control formulated na na 0.06 0.0030 na na na na reproduction spawning success (%) 32 na control
MeHg® |fathead minnow (Pimephales promelas ) methylmercuric chloride FW | juveniles = 250-day na na 0.05 treatment formulated na na 0.87 0.044 na na na na reproduction spawning success (%) 12 63% LOEC 0.19 0.32 0.71 NA NA NA Drevnick and Sandheinrich 2003
MeHg® | fathead minnow (Pimephales promelas ) methylmercuric chloride FW  juveniles | 250-day na na 0.05 treatment formulated na na 3.93 0.20 na na na na reproduction spawning success (%) 0 100% LOEC(+)
MeHg® |fathead minnow (Pimephales promelas ) methylmercuric chloride Fw juveniles na na na na control formulated na na 0.06 na na na na na reproduction spawning success (%) 40 na control
MeHg® | fathead minnow (Pimephales promelas ) methylmercuric chloride FW | juveniles na na na na treatment formulated na na 0.87 na na na na na reproduction spawning success (%) 20 50% LOEC 0.22 0.38 0.87 NA NA NA Sandheinrich and Miller 2006
MeHg” | fathead minnow (Pimephales promelas ) methylmercuric chloride FW juveniles na na na na treatment formulated na na 3.93 na na na na na reproduction spawning success (%) 20 50% LOEC(+)
Ni lake whitefish (Coregonus clupeaformis) NA Fw adults 104-day na na 0.0021 control formulated na na 1.1 0.0024 <2 yes total na growth condition factor 1.31 na control
Ni lake whitefish (Coregonus clupeaformis) NR FW adults 104-day na na 0.0021 treatment formulated na na 12 0.026 <2 yes total na growth condition factor 1.27 3% NOEC(-) .
Ni lake whitefish (Coregonus clupeaformis) NR FW adults | 104-day = na na 0.0021 treatment formulated na na 110 0.24 <2 yes total na growth condition factor 1.25 5% NOEG(-) NA NA NA NA NA NA | Ptashynskietal. 2002
Ni lake whitefish (Coregonus clupeaformis) NR FW adults 104-day na na 0.0021 treatment formulated na na 1,100 24 <2 yes total na growth condition factor 1.36 -4% NOEC*
Ni carp (Catla catla) NA Fw 120d 12-wk 15.4 289.2 0.053 control formulated na na na na na na na na growth weight increase (g) 34.75 na control NA NA NA NA NA NA Javed 2013
Ni carp (Catla catla) nickel chloride hexahydrate FW 120d 12-wk 9.39 168.7 0.056 treatment formulated na na 70.4 3.9 na na na na growth weight increase (g) 14.22 59% LOEC*
Ni rohu, carp family (Labeo rohita) Fw 120d 12-wk 15.78 265.0 0.060 control formulated na na na na na na na na growth weight increase (g) 31.77 na control NA NA NA NA NA NA Javed 2013
Ni rohu, carp family (Labeo rohita ) nickel chloride hexahydrate FW 120d 12-wk 8.74 168.1 0.052 treatment formulated na na 72.0 3.7 na na na na growth weight increase (g) 13.98 56% LOEC*
Ni mrigal carp ( Cirrhina mrigale ) Fw 120d 12-wk 15.57 324.6 0.048 control formulated na na na na na na na na growth weight increase (g) 40.75 na control NA NA NA NA NA NA Javed 2013
Ni mrigal carp ( Cirrhina mrigale ) nickel chloride hexahydrate FW 120d 12-wk 8.17 176.0 0.046 treatment formulated na na 79.1 3.7 na na na na growth weight increase (g) 13.16 68% LOEC*
Ni mrigal carp ( Cirrhina mrigale ) nickel chloride hexahydrate Fw 45d 12-wk na na na control formulated na na na na na na na na growth weight increase (g) 0.72 na control NA NA NA NA NA NA
Ni mrigal carp ( Cirrhina mrigale ) nickel chloride hexahydrate FW 45d 12-wk na na na treatment formulated na na 79.1 na 21,930 na na na growth weight increase (g) 0.38 47% LOEC*
Ni mrigal carp ( Cirrhina mrigale ) nickel chloride hexahydrate Fw 65 d 12-wk na na na control formulated na na na na na na na na growth weight increase (g) 0.73 na control NA NA NA NA NA NA Shafiq et al. 2012
Ni mrigal carp ( Cirrhina mrigale ) nickel chloride hexahydrate FW 65d 12-wk na na na treatment formulated na na 83.2 na 26,410 na na na growth weight increase (g) 0.57 22% LOEC*
Ni mrigal carp ( Cirrhina mrigale ) nickel chloride hexahydrate Fw 90 d 12-wk na na na control formulated na na na na na na na na growth weight increase (g) 1.32 na control NA NA NA NA NA NA
Ni mrigal carp ( Cirrhina mrigale ) nickel chloride hexahydrate FW 90d 12-wk na na na treatment formulated na na 88.8 na 29,430 na na na growth weight increase (g) 0.75 43% LOEC*
Ni zebrafish (Danio reric) nickel sulfate hexahydrate Fw 0.2-03g 80-day na na na control formulated 3.66 na na na 2.61 yes na na reproduction eggs per female 57.2 na control NA NA NA NA NA NA Alsop et al. 2014
Ni zebrafish (Danio rerio) nickel sulfate hexahydrate FW 0.2-03g 80-day na na na treatment formulated 115.8 na na na 5.27 yes na na reproduction eggs per female 20.3 65% LOEC*
Pb channel catfish (Ictalurus punctatus) NA FW juveniles 30-day na na na control worm (L. variegatus) na na 5 0.079 na na na na growth dry weight (g) 0.144 na control :
Pb channel catfish (Ictalurus punctatus) lead nitrate FW juveniles 30-day na na na treatment worm (L. variegatus) na na 1,000 16.2 na na na na growth dry weight (g) 0.152 6% NOEC* NA NA NA NA NA NA Erickson et al. 2010
Pb rainbow trout (Oncorhynchus mykiss) NA FW 1059 32-wk na na 0.03 control formulated 20 35% 3.1 0.06 na na na na growth growth na na control
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW 10.5¢g 32-wk na na 0.03 treatment formulated 6.0 35% 9.2 0.18 na na na na growth growth na na NOEC(-)
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW 1059 32-wk na na 0.03 treatment formulated 76 35% 1.7 0.23 na na na na growth growth na na NOEC(-)
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW 10.5¢g 32-wk na na 0.03 treatment formulated 11.0 35% 17.0 0.33 na na na na growth growth na na NOEC(-) NA NA NA NA NA NA Hodson et al. 1578
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW 1059 32-wk na na 0.03 treatment formulated 15.6 35% 24.0 0.47 na na na na growth growth na na NOEC(-)
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW 1059 32-wk na na 0.03 treatment formulated 26.0 35% 40.1 0.78 na na na na growth growth na na NOEC*
Pb rainbow trout (Oncorhynchus mykiss) NA Fw fry 60-day na na na control brine shrimp (Artemia sp.) na na 5.0 0.30 0.69 na total na growth wet weight (g) 2.203 na control
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 88 53 3.32 na total na growth wet weight (g) 2.199 0% NOEC(-) NA NA NA NA NA NA Mount et al. 1994
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate Fw fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 130 78 3.32 na total na growth wet weight (g) 2.306 -5% NOEC(-)
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 210 12.6 3.32 na total na growth wet weight (g) 2.183 1% NOEC*
Pb rainbow trout (Oncorhynchus mykiss) NA Fw juveniles 30-day na na na control worm (L. variegatus) na na 5 0.074 na na na na growth dry weight (g) 0.116 na control NA NA NA NA NA NA Erickson et al. 2010
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW juveniles 30-day na na na treatment worm (L. variegatus) na na 956 12.2 na na na na growth dry weight (g) 0.126 -9% NOEC*
Pb rainbow trout (Oncorhynchus mykiss) NA FW juveniles 7-wk na na na control worm (L. variegatus) 0.1 83% 0.59 0.010 <0.3 yes dissolved na growth growth rate (%/day) 1.4 na control
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW juveniles 7-wk na na na treatment worm (L. variegatus) 6.0 83% 35.3 0.60 na yes dissolved na growth growth rate (%/day) 1.2 14% NOEC(-)
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW juveniles 7-wk na na na treatment worm (L. variegatus) 1.7 83% 68.8 1.2 na yes dissolved na growth growth rate (%/day) 1.2 14% NOEC(-) 56 11 41,096 0.096 1.9 698 Alsop et al. 2016
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW juveniles 7-wk na na na treatment worm (L. variegatus) 53.5 83% 315 54 na yes dissolved na growth growth rate (%/day) 1.2 14% NOEC(-)
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW juveniles 7-wk na na na treatment worm (L. variegatus) 123.8 83% 728 12.4 na yes dissolved na growth growth rate (%/day) 1.0 29% NOEC*
Pb rainbow trout (Oncorhynchus mykiss) NA FW juveniles 7-wk na na na control worm (L. variegatus) 0.1 83% 0.59 0.010 <0.3 yes dissolved na growth growth rate (%/day) 14 na control
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW juveniles 7-wk na na na treatment worm (L. variegatus) 6.0 83% 35.3 0.60 8.2 yes dissolved na growth growth rate (%/day) 1.1 21% NOEC(-)
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate Fw juveniles 7-wk na na na treatment worm (L. variegatus) 1.7 83% 68.8 1.2 20.2 yes dissolved na growth growth rate (%/day) 1.6 -14% NOEC(-) NA NA NA NA NA NA Alsop et al. 2016
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW juveniles 7-wk na na na treatment worm (L. variegatus) 53.5 83% 315 5.4 68.7 yes dissolved na growth growth rate (%/day) 1.4 0% NOEC(-)
Pb rainbow trout (Oncorhynchus mykiss) lead nitrate FW juveniles 7-wk na na na treatment worm (L. variegatus) 123.8 83% 728 12.4 119.5 yes dissolved na growth growth rate (%/day) 1.1 21% NOEC*
Pb Nile tilapia (Oreochromis niloticus ) NA FW 6.79g 4-mo na na 0.03 control formulated na 72% na na na na na na growth wet weight (g) 20.24 na control
Pb Nile tilapia (Oreochromis niloticus ) lead oxide Fw 6.79g 4-mo na na 0.03 treatment formulated 100 1% 349 3.0 na na na na growth wet weight (g) 18.37 9% LOEC* NA NA NA NA NA NA Ayyat et al. 2003
Pb Nile tilapia (Oreochromis niloticus ) lead oxide FW 6.79g 4-mo na na 0.03 treatment formulated 200 70% 667 6.0 na na na na growth wet weight (g) 16.82 17% LOEC(+)
Pb Nile tilapia (Oreochromis niloticus ) NA FW ~32g 60-day na na na control formulated na na 0 na na na na na growth growth rate (%/day) 1.39 na control
Pb Nile tilapia (Oreochromis niloticus ) NR FW ~32g 60-day na na na treatment formulated na na 100 na na na na na growth growth rate (%/day) 1.36 2% NOEC(-) NA NA NA NA NA NA Dai et al. 2009
Pb Nile tilapia (Oreochromis niloticus ) NR FW ~32g 60-day na na na treatment formulated na na 400 na na na na na growth growth rate (%/day) 1.30 6% NOEC(-)
Pb Nile tilapia (Oreochromis niloticus ) NR FW ~32g 60-day na na na treatment formulated na na 800 na na na na na growth growth rate (%/day) 1.34 4% NOEC*
Pb fathead minnow (Pimephales promelas) NA FW juveniles 30-day na na na control worm (L. variegatus) na na 5 0.087 na na na na growth dry weight (g) 0.131 na control NA NA NA NA NA NA Erickson et al. 2010
Pb fathead minnow (Pimephales promelas) lead nitrate FW juveniles 30-day na na na treatment worm (L. variegatus) na na 846 16.1 na na na na growth dry weight (g) 0.139 -6% NOEC*
\ rainbow trout (Oncorhynchus mykiss) NA FW juveniles 12-wk na na na control formulated na na 1.2 na na na na na growth wet weight (g) 34.6 na control
\ rainbow trout (Oncorhynchus mykiss) sodium orthovanadate FW juveniles 12-wk na na na treatment formulated na na 10.2 na na na na na growth wet weight (g) 14.2 59% LOEC* "
\ rainbow trout (Oncorhynchus mykiss) sodium orthovanadate FW juveniles 12-wk na na na treatment formulated na na 80 na na na na na growth wet weight (g) 10.9 68% LOEC(+) 27 43 88 NA NA NA Hilton and Bettger 1988
\ rainbow trout (Oncorhynchus mykiss) sodium orthovanadate FW juveniles 12-wk na na na treatment formulated na na 493 na na na na na growth wet weight (g) 1.8 95% LOEC(+)
Zn common carp (Cyprinus carpio) NA FW fry 8-wk na na 0.077 control formulated na na 17 1.3 na na na na growth wet weight (g) 34.5 na control
Zn common carp (Cyprinus carpio ) zinc sulfate heptahydrate Fw fry 8-wk na na 0.077 treatment formulated na na 294 226 na na na na growth wet weight (g) 27.4 21% LOEC*
Zn common carp (Cyprinus carpio) zinc sulfate heptahydrate FW fry 8-wk na na 0.077 treatment formulated na na 1,007 775 na na na na growth wet weight (g) 26.5 23% LOEC(+) 156 500 16480 NA NA NA Jeng and Sun 1981
Zn common carp (Cyprinus carpio ) zinc sulfate heptahydrate Fw fry 8-wk na na 0.077 treatment formulated na na 1,974 152.0 na na na na growth wet weight (g) 224 35% LOEC(+)
Zn coho salmon (Oncorhynchus kisutch ) NA FW juveniles 21-day na na 0.05 control formulated na na na na na na na na growth length (mm) 10.2 na control
Zn coho salmon (Oncorhynchus kisutch ) zinc chloride FW juveniles 21-day na na 0.05 treatment formulated na 1900 na 95 na na na na growth length (mm) 4.7 54% LOEC*
Zn coho salmon (Oncorhynchus kisutch ) NA FW juveniles 21-day na na 0.05 control formulated na na na na na na na na growth length (mm) 9.0 na control NA NA NA NA NA NA Bowen et al. 2006
Zn coho salmon (Oncorhynchus kisutch ) zinc chloride FW juveniles 21-day na na 0.05 treatment formulated na 1900 na 95 na na na na growth length (mm) 3.1 66% LOEC*
Zn rainbow trout (Oncorhynchus mykiss) NA FW  fingerlings 16-wk na na variable control formulated na na 1 na see notes® yes na na growth weight see notes® na control
Zn rainbow trout (Oncorhynchus mykiss) Zzinc sulfate FW | fingerlings | 16-wk na na variable treatment formulated na na 90 na see notes® yes na na growth weight see notes® na NOEC(-) NA NA NA NA NA NA Spry etal. 1988
Zn rainbow trout (Oncorhynchus mykiss) zinc sulfate FW  fingerlings 16-wk na na variable treatment formulated na na 590 na see notes® yes na na growth weight see notes® na NOEC*
Zn rainbow trout (Oncorhynchus mykiss) NA Fw 8g 20-wk na 8 0.017 control formulated na na 34 0.58 1.3 yes total na growth weight gain (g) 85.0 na control NA NA NA NA NA NA Knox et al. 1984
Zn rainbow trout (Oncorhynchus mykiss) zinc sulfate FW 8g 20-wk na 8 0.017 treatment formulated na na 500 8.6 1.3 yes total na growth weight gain (g) 69.5 8% NOEC**
Zn rainbow trout (Oncorhynchus mykiss) NA FW  fingerlings 6-wk na na na control formulated (0.01% Ca) na na 50 na na na na na growth weight gain (%) 1.63 na control
Zn rainbow trout (Oncorhynchus mykiss) zinc oxide FW fingerlings 6-wk na na na treatment formulated (0.01% Ca) na na 420 na na na na na growth weight gain (%) 1.63 0% NOEC(-)
Zn rainbow trout (Oncorhynchus mykiss) zinc oxide FW  fingerlings 6-wk na na na treatment formulated (0.01% Ca) na na 1,070 na na na na na growth weight gain (%) 1.58 3% NOEC* NA NA NA NA NA NA Takeda and Shimma 1977
Zn rainbow trout (Oncorhynchus mykiss) zinc oxide FW fingerlings 6-wk na na na treatment formulated (0.01% Ca) na na 2,220 na na na na na growth weight gain (%) 1.31 20% LOEC**
Zn rainbow trout (Oncorhynchus mykiss) NA FW  fingerlings 6-wk na na na control formulated (0.52% Ca) na na 60 na na na na na growth weight gain (%) 1.59 na control
Zn rainbow trout (Oncorhynchus mykiss) zinc oxide FW  fingerlings 6-wk na na na treatment formulated (0.52% Ca) na na 930 na na na na na growth weight gain (%) 1.57 1% NOEC(-) NA NA NA NA NA NA Takeda and Shimma 1977
Zn rainbow trout (Oncorhynchus mykiss) zinc oxide FW  fingerlings 6-wk na na na treatment formulated (0.52% Ca) na na 1,920 na na na na na growth weight gain (%) 1.57 1% NOEC*
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Table A-1. Concentration- and Dose-Response Data for Exposure of Aquatic Organisms to Diet-Borne Individual Metals

Exposure Information

Diet-Borne Concentration and Dose Water-Borne Concentration Toxicity Information Concentration (mg/kg dw) Dose (mg/kg/d)
% Effect

Water = Age/Size at | Exposure FIR BW FIR Control or mg/kg mg/kg Total or DoC Endpoint (Control- NOEC or
Metal | Species Chemical Form Type Initiation | Duration (g/d) (9) (Groos/Taw/d)® | Treatment? Diet Type ww Moisture | mg/kg dw bw/day ug/L Measured? | Dissolved?  (mg/L) Type Endpoint® Measure Normalized) LOEC? EC10 EC20 EC50 EC10 EC20 EC50 Reference
Zn rainbow trout (Oncorhynchus mykiss) NA Fw fry 60-day na na na control brine shrimp (Artemia sp.) na na 130 7.8 21 na total na growth wet weight (g) 2.203 na control
Zn rainbow trout (Oncorhynchus mykiss) zinc chloride FW fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 920 55.2 46.3 na total na growth wet weight (g) 2.484 -13% NOEC(-) NA NA NA NA NA NA Mount et al. 1994
Zn rainbow trout (Oncorhynchus mykiss) zinc chloride Fw fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 930 55.8 46.3 na total na growth wet weight (g) 2402 -9% NOEC(-) .
Zn rainbow trout (Oncorhynchus mykiss) zinc chloride FW fry 60-day na na na treatment brine shrimp (Artemia sp.) na na 1,900 114 46.3 na total na growth wet weight (g) 2.555 -16% NOEC*
Zn rainbow trout (Oncorhynchus mykiss) NA FW juveniles 15-day na na 0.08 control formulated na na 91.3 73 na na na na growth growth rate (%/day) 6.7 na control
Zn rainbow trout (Oncorhynchus mykiss) zinc oxide FW juveniles 15-day na na 0.08 treatment formulated (ZnO) na na 771.9 61.8 na na na na growth growth rate (%/day) 6.6 1% NOEC(-)
Zn rainbow trout (Oncorhynchus mykiss) zinc sulfate heptahydrate FW juveniles 15-day na na 0.08 treatment formulated (ZnS04) na na 1,035.8 82.9 na na na na growth growth rate (%/day) 6.3 6% NOEC* NA NA NA NA NA NA Kjoss et al. 2006
Zn rainbow trout (Oncorhynchus mykiss) zinc proteinate FW juveniles 15-day na na 0.08 treatment formulated (Zn proteinate) na na 653.3 52.3 na na na na growth growth rate (%/day) 6.4 4% NOEC(-)
Zn rainbow trout (Oncorhynchus mykiss) zinc methionine FW juveniles 15-day na na 0.08 treatment formulated (Zn methionine) na na 988.7 79.1 na na na na growth growth rate (%/day) 6.4 4% NOEC(-)
Zn Chinook salmon (Oncorhynchus tshawytscha ) NA FW juveniles 105-day na na 0.0210 control formulated na na 54 1.1 na na na na growth growth rate (%/day) 2.14 na control
Zn Chinook salmon (Oncorhynchus tshawytscha ) zinc sulfate heptahydrate Fw juveniles | 105-day na na 0.0164 treatment formulated na na 354 5.8 na na na na growth growth rate (%/day) 215 0% NOEC* NA NA NA NA NA NA Richardson et al. 1985
Zn Chinook salmon (Oncorhynchus tshawytscha ) NA FwW juveniles | 105-day na na 0.0212 control formulated na na 50 1.1 na na na na growth growth rate (%/day) 1.72 na control :
Zn Chinook salmon (Oncorhynchus tshawytscha ) zinc sulfate heptahydrate Fw juveniles | 105-day na na 0.0168 treatment formulated na na 403 6.8 na na na na growth growth rate (%/day) 1.71 1% NOEC*
Zn Nile tilapia (Oreochromis niloticus ) zinc sulfate heptahydrate FW  fingerlings = 70-day na na 0.03 treatment® formulated na na 1 0.03 na na na na growth weight gain (%) 90.47 na Zn-deficient
Zn Nile tilapia (Oreochromis niloticus ) zinc sulfate heptahydrate FW  fingerlings | 70-day na na 0.03 treatment® formulated na na 5 0.15 na na na na growth weight gain (%) 98.79 na Zn-deficient
Zn Nile tilapia (Oreochromis niloticus ) zinc sulfate heptahydrate FW  fingerlings = 70-day na na 0.03 treatment® formulated na na 10 0.3 na na na na growth weight gain (%) 104.76 na Zn-deficient
Zn Nile tilapia (Oreochromis niloticus ) zinc sulfate heptahydrate FW | fingerlings = 70-day na na 0.03 treatment® formulated na na 20 0.6 na na na na growth weight gain (%) 114.28 na Zn-deficient
Zn Nile tilapia (Oreochromis niloticus ) NA FW | fingerlings | 70-day na na 0.03 control® formulated na na 30 0.9 na na na na growth weight gain (%) 171.76 na optimum NA NA NA NA NA NA Eid and Ghonim 1994
Zn Nile tilapia (Oreochromis niloticus ) zinc sulfate heptahydrate FW  fingerlings | 70-day na na 0.03 treatment® formulated na na 40 1.2 na na na na growth weight gain (%) 124.70 na NOEC(-)
Zn Nile tilapia (Oreochromis niloticus ) zinc sulfate heptahydrate FW  fingerlings = 70-day na na 0.03 treatment® formulated na na 50 1.5 na na na na growth weight gain (%) 148.23 na NOEC(-)
Zn Nile tilapia (Oreochromis niloticus ) zinc sulfate heptahydrate FW  fingerlings = 70-day na na 0.03 treatment® formulated na na 60 1.8 na na na na growth weight gain (%) 117.85 na NOEC(-)
Zn Nile tilapia (Oreochromis niloticus ) Zzinc sulfate heptahydrate FW | fingerlings | 70-day na na 0.03 treatment® formulated na na 80 24 na na na na growth weight gain (%) 120.00 na NOEC(-)
Zn Nile tilapia (Oreochromis niloticus ) zinc sulfate heptahydrate FW | fingerlings = 70-day na na 0.03 treatment® formulated na na 100 3.0 na na na na growth weight gain (%) 125.00 na NOEC*
Zn Atlantic salmon (Salmo salar) NA FW juveniles 8-wk na na na control formulated na na 17.6 na na na na na growth weight gain (g) 81 na control
Zn Atlantic salmon (Salmo salar) zinc sulfate heptahydrate FW juveniles 8-wk na na na treatment formulated na na 276 na na na na na growth weight gain (g) 81 0% NOEC(-)
Zn Atlantic salmon (Salmo salar) zinc sulfate heptahydrate FW juveniles 8-wk na na na treatment formulated na na 36.3 na na na na na growth weight gain (g) 79 2% NOEC(-) NA NA NA NA NA NA Maage and Julshmamn 1993
Zn Atlantic salmon (Salmo salar) zinc sulfate heptahydrate FW juveniles 8-wk na na na treatment formulated na na 67.2 na na na na na growth weight gain (g) 83 -2% NOEC(-)
Zn Atlantic salmon (Salmo salar) zinc sulfate heptahydrate FW juveniles 8-wk na na na treatment formulated na na 101 na na na na na growth weight gain (g) 82 -1% NOEC*
Zn turbot (Scophthalmus maximus ) NA SW | 450-750g | 250-day na na na control formulated na na 0 na na na na na growth growth rate na na control
Zn turbot (Scophthalmus maximus ) zinc sulfate SW 450-750 g | 250-day na na na treatment formulated na na 1,000 na na na na na growth growth rate "2X controls" na NOEC* NA NA NA NA NA NA Overnell et al. 1988

Notes:

? Food ingestion rate (FIR) is only provided if test-specific information was provided.

b Endpoint shown for each study was the most sensitive endpoint if effects were observed or a representative endpoint if no effects were observed.
° Arsenic species that was either spiked into formulated diets or to which oligochaete diets were exposed.

¢ Test details are provided here for the three fathead minnow studies that provided the basis for the diet-borne mercury TRV. See Depew et al. (2012) for a comprehensive review of diet-borne mercury toxicity studies for fish.
° This study evaluated the influence of three dietary Zn concentrations combined with one of four different water-borne Zn concentrations, with the lowest dietary Zn concentration (1 pg/g dw) being deficient. The highest dietary Zn concentration of 590 ug/g dw did not result in any growth effects at any water-borne Zn concentration tested.
EC10 - 10% effect concentration

EC20 - 20% effect concentration

EC50 - 50% effect concentration

NOEC - no observed effect concentration

LOEC - lowest observed effect concentration

NOEC(-) - treatments below the NOEC

LOEC(+) - treatments above the LOEC

NOEC* - unbounded (i.e., no significant effects observed at highest concentration tested)

LOEC* - unbounded (i.e., significant effects observed at lowest concentration tested)

NOEC** - assumed (no statistics)

LOEC** - assumed (no statistics)

GSI - gonadal somatic index

anomalous - NOEC and LOEC could not be determined due to inconsistent concentration-response relationship

wk - week

mo - month

init. - initial

BDL - below detection limit

BW - body weight

DOC - dissolved organic carbon

FW - fresh water

SW - salt water

na - not available

NA - not applicable

NR - not reported

40f4



Upper Columbia River
Fish Diet Tissue Reference Values for the
Baseline Ecological Risk Assessment

Table A-2. Summary of FIR Information from Tests Summarized in Table A-1.

Appendix A-2
FINAL
April 2019

Species Mean

FIR FIR
Species (Groodt/9 bW/d)  (Grood/g bw/d)  Reference
Atlantic salmon (Salmo salar) 0.024 0.029 Berntssen et al. 1999b
Atlantic salmon (Salmo salar) 0.034 Berntssen et al. 1999a
Carp (Catla catla ) 0.053
Carp (Catla catla) 0.056 0.054 Javed 2013
Catfish (Clarias spp.) 0.03 0.03 Ruangsomboon and Wongrat 2006
Channel catfish (Ictalurus punctatus ) 0.03 0.03 Gatlin and Wilson 1986
Chinook salmon (Oncorhynchus tshawytscha ) 0.0210
Chinook salmon (Oncorhynchus tshawytscha 0.0164 .
Chinook salmon $Oncorh§nchus tshawﬁscha; 0.0212 0.0189 Richardson et al. 1985
Chinook salmon (Oncorhynchus tshawytscha ) 0.0168
Coho salmon (Oncorhynchus kisutch) 0.05 0.05 Bowen et al. 2006
Common carp (Cyprinus carpio ) 0.03 0.05 Ahmed et al. 2012
Common carp (Cyprinus carpio ) 0.077 ’ Jeng and Sun 1981
Fathead minnow (Pimephales promelas 0.05 .
Fathead minnow gPimephales promelas; 0.05 0.05 Lapointe et al. 2011
Fathead minnow (Pimephales promelas) 0.05 Drevnick and Sandheinrich 2003
Hybrid striped bass (Morone chrysops x M. saxatilis ) 0.02 .
Hybrid striped bass (Morone chrysops x M. saxatilis ) 0.02 0.02 Bielmyer et al. 2005
Lake whitefish (Coregonus clupeaformis) 0.0021 0.0021 Ptashynski et al. 2002
Mrigal carp (Cirrhina mrigala 0.048
Mrigal carp ECirrhina mrigala; 0.046 0.047 Javed 2013
Nile tilapia (Oreochromis niloticus) 0.03 0.03 Ayyat et al. 2003
Nile tilapia (Oreochromis niloticus ) 0.03 ’ Eid and Ghonim 1994
Rainbow trout (Oncorhynchus mykiss) 0.0241 Galvez and Wood 1999
Rainbow trout (Oncorhynchus mykiss) 0.0142 Galvez et al. 2001
Rainbow trout (Oncorhynchus mykiss) 0.0500 Handy 1993a
Rainbow trout (Oncorhynchus mykiss) 0.022 Tacon and Beveridge 1982
Rainbow trout (Oncorhynchus mykiss) 0.017 Knox et al. 1984
Rainbow trout (Oncorhynchus mykiss) 0.017 Julshamn et al. 1988
Rainbow trout (Oncorhynchus mykiss) 0.0071 Handy 1993b
Rainbow trout (Oncorhynchus mykiss) 0.0166 Handy et al. 1999
Rainbow trout (Oncorhynchus mykiss 0.08 .
Rainbow trout EOncorhinchus mikiss; 0.08 Kjoss et al. 2006
Rainbow trout (Oncorhynchus mykiss) 0.04 0.04 Kamunde et al. 2001
Rainbow trout (Oncorhynchus mykiss) 0.04 Kamunde et al. 2002
Rainbow trout (Oncorhynchus mykiss) 0.015
Rainbow trout (Oncorhynchus mykiss) 0.03 Kamunde and Wood 2003
Rainbow trout (Oncorhynchus mykiss) 0.045
Rainbow trout (Oncorhynchus mykiss) 0.04
Rainbow trout (Oncorhynchus mykiss) 0.04 Kjoss et al. 2005
Rainbow trout (Oncorhynchus mykiss) 0.04
Rainbow trout (Oncorhynchus mykiss) 0.03 Hodson et al. 1978
Rainbow trout (Oncorhynchus mykiss) 0.017 Knox et al. 1984
Rainbow trout (Oncorhynchus mykiss) 0.08 Kjoss et al. 2006
Rohu, carp family (Labeo rohita) 0.060
Rohu, carp family (Labeo rohita ) 0.052 0.056 Javed 2013
Tilapia (Orechromis niloticus x O. aureus) 0.05 0.05 Shiau and Lin 1993

Overall Mean: 0.037

10of1



Upper Columbia River
Fish Diet Tissue Reference Values for the

Baseline Ecological Risk Assessment

Table A-3. Additional Endpoints Evaluated in Diet-Borne Toxicity Studies Reviewed

Appendix A-2
FINAL
April 2019

Metal  Species

Other Endpoints

Reference

Ag rainbow trout (Oncorhynchus mykiss )
Ag rainbow trout (Oncorhynchus mykiss )
Al rainbow trout (Oncorhynchus mykiss )
Al Atlantic salmon (Salmo salar)

As(lll) rainbow trout (Oncorhynchus mykiss

)
As(lll)  rainbow trout (Oncorhynchus mykiss )
As(V) rainbow trout (Oncorhynchus mykiss )
As(V) rainbow trout (Oncorhynchus mykiss )
As(V) rainbow trout (Oncorhynchus mykiss )
As(V) rainbow trout (Oncorhynchus mykiss )

Cd Prussian carp (Carassius auratus gibelio )

Cd catfish (Clarias spp.)

Cd common carp (Cyprinus carpio )

Cd rainbow trout (Oncorhynchus mykiss )
Cd rainbow trout (Oncorhynchus mykiss )
Cd rainbow trout (Oncorhynchus mykiss )
Cd rainbow trout (Oncorhynchus mykiss )
Cd rainbow trout (Oncorhynchus mykiss )

Cd guppy (Poecilia reticulata )

Cd guppy (Poecilia reticulata )

Cd Atlantic salmon (Salmo salar)
Cd Atlantic salmon (Salmo salar)
Cr(lll)  common carp (Cyprinus carpio)

Cr(lll)  rainbow trout (Oncorhynchus mykiss )

Cr(lll) tilapia (Orechromis niloticus x O. aureus)

Cu common carp (Cyprinus carpio)

Cu zebrafish (Danio rerio)

Cu channel catfish (Ictalurus punctatus)
Cu channel catfish (Ictalurus punctatus)

Cu hybrid striped bass (Morone chrysops x M. saxatilis )

food consumption rate; food conversion efficiency

food consumption rate; food conversion efficiency; plasma Na
and Na influx; hematocrit; plasma protein; whole blood
hemoglobin; plasma glucose; ammonia-N and urea-N excretion
rates; Na/K-ATPase and intestinal amylase

no others

feed conversion; body fat; body protein

feed: gain ratio; mortality

percent lipid; percent protein

feed consumption; feed:gain ratio; histopathology

feed consumption; feed:gain ratio

feed consumption; feed:gain ratio; hematology

conversion efficiency

ovarian development, luteinizing hormone (LH) secretion;
response to hormonal stimulation of spawning

no others

plasma ions; alanine transaminase (ALT); total protein content
no others

no others

no others

no others

no others

no others

no others

Ca-ATPase and Na/K-ATPase

histology

plasma glucose, enzyme activity, comet assay, histology
food conversion ratio, liver weight, liver carbohydrate, muscle
carbohydrate

protein deposition, energy deposition, liver glycogen

feed conversion ratio; specific growth rate; condition factor;
hepatosomatic index

feeding, growth, mortality, oxidative stress

feed efficiency, mortality, superoxide dismutase (SOD) and
cytochrome ¢ oxidase (CCO) activities

hematology

no others
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Galvez and Wood 1999

Galvez et al. 2001

Handy 1993a

Poston 1991

Cockell and Hilton 1988
Erickson et al. 2010
Cockell and Bettger 1993
Cockell et al. 1991
Cockell et al. 1992
Erickson et al. 2011

Szczerbik et al. 2006

Ruangsomboon and Wongrat 2006
Reynders et al. 2006

Franklin et al. 2005

Handy 1993b

Mount et al. 1994

Ng and Wood 2008

Ng et al. 2009

Hatakeyama and Yasuno 1982
Hatakeyama and Yasuno 1987
Berntssen et al. 2003
Lundebye et al. 1999

Ahmed et al. 2012

Tacon and Beveridge 1982
Shiau and Lin 1993

Ajani and Akpoilih 2012
Alsop et al. 2007

Gatlin and Wilson 1986

Murai et al. 1981
Bielmyer et al. 2005
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Table A-3. Additional Endpoints Evaluated in Diet-Borne Toxicity Studies Reviewed

Appendix A-2
FINAL
April 2019

Metal Species Other Endpoints Reference

Cu rainbow trout (Oncorhynchus mykiss ) ggzggion factor, feed conversion ratio, hematology, swimming Handy et al. 1999

Cu rainbow trout (Oncorhynchus mykiss ) feed efficiency ratio, hepatosomatic index, mortality Julshamn et al. 1988

Cu rainbow trout (Oncorhynchus mykiss ) ;(Z;(:i(\j/i;:igzversmn efficiency, somatic indices, Na/K-ATPase Kamunde and Wood 2003
Cu rainbow trout (Oncorhynchus mykiss ) food conversion efficiency, midintestinal morphology Kamunde et al. 2001

Cu rainbow trout (Oncorhynchus mykiss ) food conversion efficiency Kamunde et al. 2002

Cu rainbow trout (Oncorhynchus mykiss ) somatic indices, Na flux Kjoss et al. 2005

Cu rainbow trout (Oncorhynchus mykiss ) no others Kjoss et al. 2006

Cu rainbow trout (Oncorhynchus mykiss ) feed efficiency, mortality, hematology, hepatosomatic index Knox et al. 1984

Cu rainbow trout (Oncorhynchus mykiss ) feed efficiency, mortality, hematology, hepatosomatic index Lanno et al. 1985a

Cu rainbow trout (Oncorhynchus mykiss ) feed:gain ratio; mortality Lanno et al. 1985b

Cu Nile tilapia (Oreochromis niloticus ) Fs)l;movlilg,;ematology, food conversion ratio, somatic indices, Shaw and Handy 2006
Cu fathead minnow (Pimephales promelas) heat stress response Lapointe et al. 2011

Cu Atlantic salmon (Salmo salar) K-factor, gross feed conversion efficiency, mortality Berntssen et al. 1999a
Cu Atlantic salmon (Salmo salar) K-factor, cell proliferation, apoptosis Berntssen et al. 1999b

Ni lake whitefish (Coregonus clupeaformis ) no others Ptashynski et al. 2002

Pb rainbow trout (Oncorhynchus mykiss ) lipid, carbohydrates, blood Na, gut Na/K-ATPase Alsop et al. 2016

Pb rainbow trout (Oncorhynchus mykiss ) ALA-D activity Hodson et al. 1978

Pb rainbow trout (Oncorhynchus mykiss ) feed efficiency, hematology, mortality Ayyat et al. 2003

Pb rainbow trout (Oncorhynchus mykiss ) feed conversion ratio; survival; enzyme activities Dai et al. 2009

\Y rainbow trout (Oncorhynchus mykiss ) feed: gain ratio; mortality; pathology Hilton and Bettger 1988
Zn common carp (Cyprinus carpio ) no others Jeng and Sun 1981

Zn coho salmon (Oncorhynchus kisutch ) behavior; Hsp-70 Bowen et al. 2006

Zn rainbow trout (Oncorhynchus mykiss ) hematocrit and plasma protein Spry et al. 1988

Zn rainbow trout (Oncorhynchus mykiss ) feed efficiency, survival Takeda and Shimma 1977
Zn Chinook salmon (Oncorhynchus tshawytscha ) food conversion, protein efficiency ratio, survival Richardson et al. 1985

Zn Nile tilapia (Oreochromis niloticus ) feed efficiency, survival Eid and Ghonim 1994

Zn Atlantic salmon (Salmo salar) hematology, survival, alkaline phosphatase activities Maage and Julshmamn 1993
Zn turbot (Scophthalmus maximus ) metallothionein levels Overnell et al. 1988
Notes:

ALA-D = &-amino levulinic acid dehydratase activity
Hsp-70 = heat-shock protein (70 kilodalton family)

Na/K-ATPase = sodium-potassium adenosine triphosphatase

Ca-ATPase = calcium adenosine triphosphatase

K-factor = condition factor calculated as 100 x weight (g)/length® (cm)
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ED20
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TRV
TTF
WB

ACRONYMS AND ABBREVIATIONS
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chemical of potential concern

dry weight

10 percent effect concentration
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20 percent effect dose

U.S. Environmental Protection Agency
species sensitivity distribution
toxicity reference value

trophic transfer factor

whole-body
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1 INTRODUCTION

Fish diet toxicity reference values (TRVs) were previously developed to support evaluation of
the dietary exposure pathway for fish in the Upper Columbia River remedial
investigation/feasibility study baseline ecological risk assessment (BERA). These fish diet TRVs
were approved by the U.S. Environmental Protection Agency (EPA) in 2019 and incorporated in
the Draft Aquatic BERA (TAI 2024). The fish diet TRVs, hereinafter referred to as the 2019 TRVs,
are described and presented in Appendix I of the Final Aquatic BERA, to which this document
is an addendum.

The levels of effect and statistical endpoints for the fish diet TRVs varied depending on the
types and amounts of toxicity data available for each chemical. For example, the preferred level
of effect was 20 percent, expressed as a concentration-based EC20 or dose-based ED20

(i.e., 20 percent effect concentration and 20 percent effect dose, respectively). If an EC20 or ED20
could not be derived, the TRVs were expressed as no-observed-effect concentrations or levels
(NOECs or NOELs, respectively) or lowest-observed-effect concentrations or levels (LOECs or
LOELSs, respectively) associated with varying levels of effect.

In its review of the Draft Aquatic BERA, EPA commented that bull trout (Salvelinus confluentus)
should be evaluated at the individual level. To address this comment, fish diet no-effect
concentrations and doses based on NOECs and NOELSs, respectively, were developed as
possible. Because NOECs and NOELs represent concentrations and doses for which no
statistically significant effects were observed relative to the control, these values were assumed
to provide reasonable estimates of no effects at the individual level. It is recognized that there
are more rigorous approaches for defining “no-effect” thresholds in toxicity tests, such as
model-based no-effect concentrations (Fox 2008), but these more rigorous approaches are
generally less applicable to dietary toxicity tests, which are typically more limited in design

than are aqueous exposure tests.
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2 METHODS AND RESULTS

The bases for the fish diet TRVs previously approved and applied in the Draft Aquatic BERA
were first reviewed. For some chemicals of potential concern (COPCs) those TRVs were already
based on NOECs and NOELSs, and it was thus not necessary to identify additional no-effect
concentrations and doses. For the remaining COPCs, “no-effect” concentrations and doses
based on NOECs and NOELSs were identified as possible. The no-effect concentrations and
doses are summarized by COPC in the subsections that follow. These no-effect concentrations
and doses are provided and compared to the previously developed fish diet TRVs (Appendix I)
in Table 1.

21 ALUMINUM

The 2019 fish diet TRVs for aluminum are based on a NOEC of > 2,322 mg/kgdi. dry weight
(dw) and a NOEL of > 82.5 mg/kg body weight [bw]/day for weight gain in Atlantic salmon
(Salmo salar) (Poston 1991). The NOEC and NOEL are expressed as “greater than” values
because no effects were observed at the dietary concentration and dose tested (i.e., there was a
0 percent effect on weight gain relative to the control). The 2019 fish diet TRVs of > 2,322 mg/kg
dw and > 82.5 mg/kg bw/day were therefore also defined as the “no-effect” dietary

concentration and dose for aluminum (Table 1).

2.2 ARSENIC

The 2019 concentration-based TRV of 42 mg/kgdic: dw was based on the EC20 from the pooled
concentration-response data from seven rainbow trout toxicity tests with growth as the
endpoint (see Section 3.2 in Appendix I for details). The lowest dietary arsenic concentration
with a statistically significant (p < 0.05) effect relative to its respective control was 28 mg/kgdiet
dw. The geometric mean of the NOECs from all tests was 33 mg/kgdaiet dw, which was greater
than the minimum LOEC of 28 mg/kgdiec dw. The highest dietary arsenic treatment that did not
cause a statistically significant effect relative to its respective control, while still being less than
28 mg/kgdiet dw, was 16 mg/kgaiet dw. Accordingly, the “no-effect” dietary concentration for
arsenic was defined as 16 mg/kgdaiet dw (Table 1).

Like the existing concentration-based TRV, the existing dose-based TRV of 0.78 mg/kg bw/day
was based on the ED20 from the pooled dose-response data from seven rainbow trout toxicity
tests. The lowest dietary arsenic dose with a statistically significant (p < 0.05) effect relative to its
respective control was 0.44 mg/kg bw/day. The geometric mean NOEL was 0.58 mg/kg bw/day,
which was greater than 0.44 mg/kg bw/day. Based on all tests, the highest dietary arsenic
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treatment that did not cause a statistically significant effect relative to its respective control,
while still being less than 0.44 mg/kg bw/day, was 0.41 mg/kg bw/day. The “no-effect” dietary
dose was therefore defined as 0.41 mg/kg bw/day (Table 1).

23 CADMIUM

The 2019 concentration-based TRV of 8.1 mg/kgaiet dw was based on the 5" percentile of a
species sensitivity distribution (SSD) composed of EC20s and NOECs (when an EC20 was not
available for a species). The 5t percentile of the SSD was extrapolated below the sensitivity of
the most sensitive species tested, which was an unbounded LOEC of 16 mg/kgdit dw (see
Section 3.3 in Appendix I for details). Because there were no dietary cadmium concentrations
from any test that resulted in a statistically significant effect at a concentration less than

8.1 mg/kgdiet dw, the 2019 TRV of 8.1 mg/kgdicc dw was likewise defined as the “no-effect”
dietary concentration for cadmium (Table 1). Based on the same logic, the dose-based TRV of

0.023 mg/kg bw/day was defined as the “no-effect” dietary dose for cadmium (Table 1).

24 CHROMIUM

The 2019 concentration-based TRV of 3.9 mg/kgdiet dw was based on a LOEC associated with a
12 percent reduction in growth rate for juvenile carp (Cyprinus carpio) relative to the control
(Ahmed et al. 2012). In addition, the dietary chromium concentration of 3.9 mg/kgdiet dw
resulted in a 20 percent reduction in growth rate relative to the lowest dietary chromium
concentration of 2.0 mg/kgdiet dw, in which enhanced growth was observed. This dietary
chromium concentration of 2.0 mg/kgdiet dw was the NOEC in the test, as there was no
reduction in growth relative to the control. Thus, the “no-effect” dietary concentration was
defined as 2.0 mg/kgdict dw (Table 1). The corresponding “no-effect” dietary dose from the same
test was defined as 0.037 mg/kg bw/day (Table 1).

2.5 COPPER

The 2019 concentration-based TRV of 666 mg/kgdi.c dw was based on an EC20 for Atlantic
salmon (S. salar) growth (wet weight) (Berntssen et al. 1999). The NOEC from the test used to
derive the EC20 was 638 mg/kgdiet dw. There were no dietary copper concentrations less than
638 mg/kgdier dw, for any fish species, that resulted in a statistically significant effect relative to
its respective control. Accordingly, the NOEC of 638 mg/kgdiet dw was defined as the “no-effect”
dietary concentration for copper (Table 1).

The 2019 dose-based TRV of < 21.2 mg/kg bw/day was based on a LOEL for weight gain in
common carp (C. carpio) (Ajani and Akpoilih 2012). This was identified as the 2019 dose-based
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TRV because it was less than the ED20 of 22.6 mg/kg dw for Atlantic salmon (from the test used
to derive the concentration-based TRV). The associated NOEL from the common carp test was
10.8 mg/kg dw/day, which was defined as the “no-effect” dietary dose (Table 1).

26 IRON

No dietary TRVs were previously developed for iron due to the lack of data. Accordingly, no

“no-effect” dietary concentration or dose could be defined for iron.

2.7 LEAD

The 2019 concentration-based TRV of 111 mg/kgdi dw was based on an EC20 for reduced
growth rate in rainbow trout (Oncorhynchus mykiss) (Alsop et al. 2016). None of the dietary lead
treatments in the test used to derive the EC20 resulted in a statistically significant effect relative
to the control, and no dietary lead concentrations less than 111 mg/kgaie: dw for any species
resulted in statistically significant effects relative to their respective controls (see Section 3.7 in
Appendix I). As such, 111 mg/kgdit dw was retained and defined as the “no-effect” dietary
concentration for lead (Table 1). Based on the same logic and observation used for the
concentration-based TRV, the 2019 dose-based TRV of 1.9 mg/kg bw/day was retained and
defined as the “no-effect” dietary dose for lead (Table 1).

2.8 MANGANESE

No dietary TRVs were previously developed for manganese due to the lack of data.

Accordingly, no “no-effect” dietary concentration or dose could be defined for manganese.

29 METHYL MERCURY

The 2019 concentration-based TRV of 0.26 mg/kgdiet dw was based on the 5" percentile of an
SSD developed and reported in Depew et al. (2012). The 5 percentile of the SSD was an
extrapolated value less than the toxicity threshold for the most sensitive species, which was
fathead minnow (Pimephales promelas). Based on three dietary toxicity tests with fathead
minnow, there were no treatments that did not result in a statistically significant effect relative
to the control. The lowest dietary methyl mercury concentration for the three tests was

0.87 mg/kgdaiet dw, which was greater than the 2019 concentration-based TRV of 0.26 mg/kgadiet
dw. In the absence of a NOEC, the 2019 TRV of 0.26 mg/kgdit dw was retained and defined as
the “no-effect” dietary concentration for methyl mercury (Table 1). The same logic was applied
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to the dose-based TRV of 0.013 mg/kg bw/day, which was retained and defined as the
“no-effect” dietary dose for methyl mercury (Table 1).

2.10 NICKEL

The 2019 concentration-based TRV of < 70.4 mg/kgdiet dw is from a study with carp (Catla catla),
in which the lowest dietary concentration tested resulted in a statistically significant (p <0.05)
effect (weight gain) relative to the control (Javed 2013). The level of effect associated with the
dietary nickel concentration of 70.4 mg/kgdiet dw was 59 percent. The highest NOEC for any
species that was less than 70.4 mg/kgdiet dw was 12 mg/kgdiet dw for lake whitefish (Coregonus
clupeaformis); however, dietary nickel concentrations up to 1,100 mg/kgdiet dw did not result in
statistically significant (p > 0.05) effects on lake whitefish. For conservatism, the dietary nickel

concentration of 12 mg/kgaiet dw was defined as the “no-effect” dietary concentration for nickel
(Table 1).

The 2019 dose-based TRV of < 3.9 mg/kg bw/day was developed based on the same logic and
test used to derive the 2019 concentration-based TRV. The dietary nickel dose associated with
the dietary nickel concentration of 12 mg/kgdiet dw was 0.026 mg/kg bw/day; this value was
defined as the “no-effect” dietary dose for nickel (Table 1).

2.11 SELENIUM

The concentration-based TRV for selenium was based on EPA's whole-body (WB) selenium
criterion of 8.5 mg/kgws dw (USEPA 2016) divided by a diet-to-WB selenium trophic transfer
factor (TTF) of 1.1 (i.e., 8.5 mg/kgws dw + 1.1 =7.7 mg/kgdaiet dw). The TTF of 1.1 is an average
value recommended by Presser and Luoma (2010). The EPA's WB selenium criterion is based on
the 5% percentile of a genus sensitivity distribution, for which the most sensitive genus is
Acipenser (as represented by white sturgeon [A. transmontanus]). While selenium toxicity data
for bull trout (S. confluentus) are not available, data for the closely related Dolly Varden
(Salvelinus malma) are available. The WB selenium EC10 (i.e., 10 percent effect concentration) for
Dolly Varden, which is based on dietary selenium exposures, is 34.9 mg/kgws dw (USEPA 2016).
Because this WB EC10 is much greater than 8.5 mg/kgws dw, which was the WB criterion used
to derive the 2019 dietary selenium TRV, it was assumed that the 2019 concentration-based
dietary TRV of 7.7 mg/kgdiet dw is protective of bull trout at the individual level (Table 1).

212 SILVER

The 2019 fish diet TRVs for silver are based on a test in which a dietary silver concentration of
3,000 mg/kgdiet dw and a corresponding dose of 70 mg/kg bw/day were associated with a
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0 percent effect on a specific growth rate in juvenile rainbow trout (O. mykiss) (Galvez and
Wood 1999). An anomalous concentration-response relationship was observed in that test, in
which the specific growth rate was significantly reduced (p < 0.05) relative to the control in fish
fed dietary silver concentrations of 3 and 300 mg/kgaict dw, while fish fed dietary silver
concentrations of 30 and 3,000 mg/kgaiet dw had specific growth rates greater than the control.
Overall, Galvez and Wood (1999), considering results from their study and preliminary results
from what would be later published by Galvez et al. (2001), concluded that dietary silver
exposure is physiologically benign. Accordingly, the 2019 concentration- and dose-based TRVs
of 3,000 mg/kgdiet dw and 70 mg/kg bw/day, respectively —which were associated with a

0 percent effect on specific growth rate relative to the control —were retained as the “no-effect”

concentration and dose for dietary silver (Table 1).

2.13 VANADIUM

The 2019 concentration-based TRV is an EC20 of 4.3 mg/kgdiec dw for rainbow trout (O. mykiss)
growth (wet weight) (Hilton and Bettger 1988). All dietary treatments in the test resulted in a
statistically significant (p < 0.05) effect relative to the control, so a NOEC was not available. As
an alternative, an EC10 of 2.7 mg/kgdiet dw was calculated for the rainbow trout test and defined
as the “no-effect” concentration (Table 1). This concentration is nearly within a factor of two of
the vanadium concentration in the control diet (1.2 mg/kgdiet dw). The same approach was
applied to the dose-based TRV, which resulted in a "no-effect”" dietary dose of 0.10 mg/kg
bw/day (Table 1).

214 ZINC

The 2019 concentration-based TRV of 500 mg/kgdic dw was based on an EC20 for common carp
(C. carpio) growth (wet weight) (Jeng and Sun 1981). Based on all studies, the lowest dietary zinc
concentration resulting in a statistically significant (p < 0.05) effect was 294 mg/kgdiet dw, and
the highest dietary zinc concentration less than 294 mg/kgaiet dw that did not result in a
statistically significant effect was 101 mg/kgdaicc dw for Atlantic salmon (S. salar). As such, the

“no-effect” dietary concentration was defined as 101 mg/kgdiec dw (Table 1).

The 2019 dose-based TRV of 38.5 mg/kg dw/day was an ED20 developed from the same test
used to derive the EC20 of 500 mg/kg dw. Based on all studies, the lowest dietary dose resulting
in a statistically significant (p < 0.05) effect was 22.6 mg/kg bw/day, and the highest dietary zinc
dose lower than 22.6 mg/kg bw/day that did not result in a statistically significant effect was

8.6 mg/kg bw/day for rainbow trout. The “no-effect” dose-based TRV was therefore defined as
8.6 mg/kg bw/day (Table 1).
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Appendix I, Addendum No. 1
Fish Diet No-Observed-Effect Concentrations and Doses for the Evaluation of Bull Trout

Table H-1. "No-Effect" Fish Diet Concentrations and Doses and Comparison to 2019 Fish Diet TRVs

"No-Effect” Concentrations and Doses 2019 Concentration- and Dose-Based TRVs
Concentration-Based Dose-Based Concentration-Based TRV Dose-Based TRV

Constituent (Mg/kggier dw) (mg/kg bw/day) (Mg/kaier dw) *° (mglkg bw/day) *°
Aluminum 2,232 82.5 > 2,232 >82.5
Arsenic 16 0.41 42 0.78
Cadmium 8.1 0.023 8.1 0.023
Chromium 2.0 0.037 3.9 0.074
Copper 638 10.8 666 <212
Iron na na na na
Lead 111 1.9 111 1.9
Manganese na na na na
Methyl mercury 0.26 0.013 0.26 0.013
Nickel 12 0.026 <704 <39
Selenium 7.7 na 7.7 na
Silver 3,000 ¢ 70° > 3,000 ° >70°
Vanadium 2.7 0.10 4.3 0.16
Zinc 101 8.6 500 38.5

Notes:

Bold text - "No effect" toxicity reference value (TRV) differs from the original fish diet TRV finalized in April 2019 (Appendix I)

& Concentrations or doses with a less than (<) or greater than (>) symbol denote whether a lower or higher concentration would be predicted to achieve a 20% effect level.
® The 2019 TRVs are based on EC20s and ED20s where possible. Otherwise, NOEC/LOECs and NOEL/LOELs were used. See main body of Appendix | for details.

¢ An anomalous response was observed: growth rate reductions of 23, 0, 23, and 0% at diet-borne silver concentrations of 3, 30, 300, and 3,000 mg/kggie: dw, respectively.
na - not available

NOEC - no-observed-effect concentration

NOEL - no-observed-effect level

LOEC - lowest-observed-effect concentration

LOEL - lowest-observed-effect level

lofl

FINAL
July 2026
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