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1.0 INTRODUCTION

Ecological Soil Screening Levels (Eco-SSLs) are concentrations of contaminants in soil that are
protective of ecological receptors that commonly come into contact with and/or consume biota
that live in or on soil. Eco-SSLs are derived separately for four groups of ecological receptors:
plants, soil invertebrates, birds, and mammals. As such, these values are presumed to provide
adequate protection of terrestrial ecosystems. Eco-SSLs are derived to be protective of the
conservative end of the exposure and effects species distribution, and are intended to be applied at
the screening stage of an ecological risk assessment. These screening levels should be used to
identify the contaminants of potential concern (COPCs) that require further evaluation in the
site-specific baseline ecological risk assessment that is completed according to specific guidance
(U.S. EPA, 1997, 1998, and 1999). The Eco-SSLs are not designed to be used as cleanup levels
and the United States (U.S.) Environmental Protection Agency (EPA) emphasizes that it would be
inappropriate to adopt or modify the intended use of these Eco-SSLs as national cleanup
standards.

The detailed procedures used to derive Eco-SSL values are described in separate documentation
(U.S. EPA, 2003, 2005). The derivation procedures represent the collaborative effort of a
multi-stakeholder group consisting of federal, state, consulting, industry, and academic
participants led by what is now the U.S. EPA Office of Solid Waste and Emergency Response
(OSWER).

This document provides the Eco-SSL values for copper and the documentation for their
derivation. This document provides guidance and is designed to communicate national policy on
identifying copper concentrations in soil that may present an unacceptable ecological risk to
terrestrial receptors. The document does not, however, substitute for EPA's statutes or
regulations, nor is it a regulation itself. Thus, it does not impose legally-binding requirements on
EPA, states, or the regulated community, and may not apply to a particular situation based upon
the circumstances of the site. EPA may change this guidance in the future, as appropriate. EPA
and state personnel may use and accept other technically sound approaches, either on their own
initiative, or at the suggestion of potentially responsible parties, or other interested parties.
Therefore, interested parties are free to raise questions and objections about the substance of this
document and the appropriateness of the application of this document to a particular situation.
EPA welcomes public comments on this document at any time and may consider such comments
in future revisions of this document.

20 SUMMARY OF ECO-SSLs FOR COPPER

Copper is a naturally occurring element which can be found in all environmental media: air, soil,
sediment, and water. In the metal state, copper is malleable, ductile, and a good conductor of heat
and electricity (Alloway, 1990). Copper occurs in numerous minerals including cuprite, tenorite,
malachite, azurite, and native copper (George, 1993). Copper forms sulphides, sulphates,
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sulphosalts, carbonates and other compounds and occurs in reducing environments as the native
metal. Copper ranks 26™, behind zinc in abundance in the lithosphere (Alloway, 1990).

The principal uses of copper are in the production of wire, and of its alloys, brass and bronze
(Alloway, 1990). Copper compounds may also be released to the environment through their use
in dyes, catalysts, feed additives, pesticides, pigments, iron and steel production, coal and oil
combustion, copper sulfate production, municipal incineration, and mining activities (Alloway,
1990; U.S. EPA 1987). Copper may also be released from natural sources, such as volcanoes,
windblown dusts, the weathering of soil, decaying vegetation, and forest fires
(http://toxnet.nlm.nih.gov).

Background concentrations reported 60
for many metals in U.S. soils are
described in Attachment 1-4 of the 50 X
Eco-SSL guidance (U.S. EPA, 2003).
Typical background concentrations of
copper in U.S. soils are plotted in
Figure 2.1 for both eastern and
western U.S. soils.
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In soils, copper may be present as 10 - l
soluble compounds including nitrates,
sulfates, and chlorides, and insoluble

compounds such as oxides, East West

hydroxides, carbonates, and sulfides

; Figure 2.1 Typical Background
(Bodek et al. 1988; Budavari 1996).

Concentrations of

X <4— Maximim

Soluble copper compounds strongly Copper in U.S. Soils +— 95t
sorb to particles of organic matter, “« 75m
clay, soil, or sand, and demonstrate low mobility in soils (Bodek et al. - som
1988). Insoluble copper compounds are solid salts and are effectively - e

immobile in soils. Most copper compounds have a high melting point and
low vapor pressure, and are not expected to volatilize from moist or dry soil
surfaces (Bodek et al. 1988; HSDB). Alloway (1990) describes six “pools”

<4—— 5th Percentile

of copper in soils including soluble ions, inorganic and organic complexes in

soil solution, exchangeable copper, stable organic complexes in humus, copper adsorbed by
hydrous oxides of manganese, iron, and aluminum, copper adsorbed on the clay-humus colloidal
complex and the crystal lattice-bound copper in soil minerals.

Copper is an essential element in both plants and animals. In animals, copper is essential for
hemoglobin formation, carbohydrate metabolism, catecholamine biosynthesis, and cross-linking
of collagen, elastin, and hair keratin (U.S. EPA 1987). Nutritional requirements of copper for
common mammalian and avian test organisms are compiled in Attachment 4-3 of the Eco-SSL
guidance (U.S. EPA, 2003, 2005). The primary route of exposure for animals to copper is
through ingestion. Generally, the normal intake of copper by inhalation is a negligible fraction of
the total (Friberg et al., 1986) and absorption through the skin is minimal (Venugopal and
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Luckey, 1978). In animal tissues, copper exists as complexes with proteins, peptides, and amino
acids in tissues such as the liver, brain, and kidney which retain more copper than do other soft
tissues (Seiler et al., 1988). Muscle tissues contain about 35% of the total body copper. In
tissues, copper cannot exist in the ionic form in appreciable amounts except in the acidic
environment of the stomach (Seiler et al., 1988). Copper is excreted by the biliary system mainly
through feces and bile, and to a smaller extent through urine and sweat (Venugopal and Luckey
1978). Absorption, distribution, metabolism, and utilization of copper can be affected by
interaction with other metals such as iron, molybdenum, and zinc (U.S. EPA 1987; HSDB).

In plants, copper is especially important in oxidation, photosynthesis, and protein and
carbohydrate metabolism. Also, copper concentrations may affect nitrogen fixation, valence
changes, and cell wall metabolism (Kabata-Pendias and Pendias, 1992). Since copper is unlikely
to be transported across leaf cuticles, the primary route of uptake by plants is through soil as
opposed to atmospheric deposition (Hutchinson, 1979). Copper tends to affect various plant
species differently, and low growing grasses tend to accumulate copper at higher levels than tree
foliage (U.S. EPA, 1987). In plants, copper deficiency is demonstrated by wilting leaves,
melanism, white twisted tips, and reduction in panicle formation (HSDB).

In mammals, the mechanism of copper toxicity is complex. Copper can increase cell permeability
in erythrocytes leading to lysis and inhibition of intracellular enzymes. Thus, copper poisoning
can lead to oxidative stress in erythrocytes and to accelerated loss of intracellular glutathione. In
addition, copper ions can cause mitochondrial swelling and inhibit oxygen consumption, which
leads to cell degeneration. In copper deficient animals, failure to form collagen in the walls of
arterioles leads to subcutaneous bleeding and anemia. Other symptoms of acute copper toxicity in
mammals include sporadic fever, tachycardia, hypotension, oliguria, uremia, coma,
cardiovascular collapse, and death. Chronic copper poisoning in mammals may induce nausea,
vomiting, epigastric pain, dizziness, jaundice, and general debility (Venugopal and Luckey,
1978).

The Eco-SSL values derived to date for copper are summarized in Table 2.1.

Table 2.1 Copper Eco-SSLs (mg/kg dry weight in soil)

Wildlife

Plants Soil Invertebrates
Avian Mammalian

70 80 28 49

Eco-SSL values were derived for all receptor groups. The Eco-SSL values for copper range from
28 mg/kg dry weight (dw) for avian wildlife to 80 mg/kg dw for soil invertebrates. With the
exception of the avian value, these concentrations are higher than the 95" percentile of reported
background soil concentrations of copper in eastern and western U.S. soils (Figure 2.1). The Eco-
SSL for avian wildlife is equal to the median value for western U.S. soils and is higher than the
median value for eastern U.S. soils.
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3.0 ECO-SSL FOR TERRESTRIAL PLANTS

Of the papers identified from the literature search process, 479 papers were selected for
acquisition for further review. Of those papers acquired, 49 met all 11 Study Acceptance Criteria
(U.S. EPA, 2003; Attachment 3-1). Each of these papers were reviewed and the studies were
scored according to the Eco-SSL guidance (U.S. EPA, 2003; Attachment 3-2). Fifty-six study
results received an Evaluation Score greater than ten (U.S. EPA, 2003; Attachment 3-1). These
studies are listed in Table 3.1.

The studies in Table 3.1 are sorted by bioavailability score. There are 6 studies eligible for Eco-
SSL derivation with a bioavailability score of two. These results are used to derive the plant Eco-
SSL for copper (U.S. EPA, 2003; Attachment 3-2). The Eco-SSL is the geometric mean of the
maximum acceptable toxicant concentration (MATC) and 10% effective concentration (EC,,)
values for 4 species under different test conditions (pH and % organic matter (OM)) and is equal
to 70 mg/kg dw.

4.0 ECO-SSL FOR SOIL INVERTEBRATES

Of the papers identified from the literature search process, 173 papers were selected for
acquisition for further review. Of those papers acquired, 44 met all 11 Study Acceptance Criteria
(U.S. EPA 2003; Attachment 3-1). Each of these papers were reviewed and the studies were
scored according to the Eco-SSL guidance (U.S. EPA, 2003; Attachment 3-2). Fifty-five studies
received an Evaluation Score greater than ten. These studies are listed in Table 4.1. The studies
in Table 4.1 are sorted by bioavailability score. There are ten studies eligible for Eco-SSL
derivation with a bioavailability score of 2 that were used to derive the soil invertebrate Eco-SSL
for copper (U.S. EPA, 2003; Attachment 3-2). The Eco-SSL is the geometric mean of the MATC
and EC,, values for at least 6 test species under different test conditions (pH and OM%) and is
equal to 80 mg/kg dw.
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Table 3.1 Plant Toxicity Data - Copper

P | study . . Bio- Tox (TS"O’:l‘éa;EE Total | Eligible for | Used
Reference Number | ID Test Organism Soil pH| OM% | availability | ERE Parameter | at mg/kg Evaluation Ec.o-S.SL for Eco-
Score dw) Score Derivation? | SSL?
Kjaer and Elmegaard, 1996 4231 Black bindweed  |Polygonum convolvulus 6.4 1.7 2 REP MATC 251 14 Y Y
Mozaffari et al, 1996 4176 b Citrus cultivar Cleopatra mandarin 6.0 0.98 2 GRO MATC 141 13 Y Y
Torres and De Varennes, 1998 13958 -- Perennial ryegrass |Lolium perenne L. 44-54 1.0 2 GRO MATC 16 12 Y Y
Gonzalez, 1991 4609 d Alfalfa Medicago sativa 6.3 1.3 2 GRO ECy 115 13 Y Y
Gonzalez, 1991 4609 e Alfalfa Medicago sativa 5.5 2.8 2 GRO ECy 58 13 Y Y
Gonzalez, 1991 4609 g Alfalfa Medicago sativa 5.4 1.1 2 GRO ECyy 32 13 Y Y
Geometric Mean 70

Data Not Used to Derive Plant Eco-SSL

Rehab and Wallace, 1978 46710 - Cotton Gossypium spp. 6.6 24 1 GRO MATC 141.4 14 Y N
Chhibba et al, 1994 12325 a Wheat Triticum aestivum 7.8 0.2 1 GRO MATC 28 13 Y N
Gonzalez, 1991 4609 b Alfalfa Medicago sativa 7.8 1.8 1 GRO ECy 1253 12 Y N
Gonzalez, 1991 4609 c Alfalfa Medicago sativa 7.5 1.1 1 GRO ECy 821 12 Y N
Gonzalez, 1991 4609 f Alfalfa Medicago sativa 73 0.5 1 GRO ECy 41 12 Y N
Aquaterra, 2000 22616 a Alfalfa Medicago sativa 7.8 2.9 0 GRO ECy 326.4 12 Y N
Aquaterra, 2000 22616 b Alfalfa Medicago sativa 8.1 35 0 GRO ECy 674 12 Y N
Aquaterra, 2000 22616 c Barley Hordeum vulgare var. Chapais 6.1 9.0 0 GRO ECy 143 12 Y N
Aquaterra, 2000 22616 d Barley Hordeum vulgare var. Chapais 7.8 29 0 GRO ECy 0.74 12 Y N
Aquaterra, 2000 22616 e Barley Hordeum vulgare var. Chapais 8.1 3.5 0 GRO ECy 234.8 12 Y N
Aquaterra, 2000 22616 f Carrot Daucus carota var. Royal Chatenay 7.8 29 0 GRO ECy 659.0 12 Y N
Aquaterra, 2000 22616 g Corn Zea mays var. Kandy Korn 7.8 29 0 GRO ECy 407.6 12 Y N
Aquaterra, 2000 22616 h Corn Zea mays var. Kandy Korn 8.1 3.5 0 GRO ECy 776.2 12 Y N
Aquaterra, 2000 22616 i Cucumber Cucumis sativa var. Marketer 7.8 29 0 GRO ECy 506.0 12 Y N
Aquaterra, 2000 22616 j Cucumber Cucumis sativa var. Marketer 8.1 3.5 0 GRO ECy 804.9 12 Y N
Aquaterra, 2000 22616 k Grama grass Bouteloua graciiss 7.8 29 0 GRO ECy 471.3 12 Y N
Aquaterra, 2000 22616 Northern wheatgrass [4gropyron dasystachyum 6.1 9.0 0 GRO ECy 151.7 12 Y N
Aquaterra, 2000 22616 m | Northern wheatgrass |Agropyron dasystachyum 7.8 2.9 0 GRO ECy 391.3 12 Y N
Aquaterra, 2000 22616 n Northern wheatgrass [4gropyron dasystachyum 8.1 3.5 0 GRO ECy 801.6 12 Y N
Aquaterra, 2000 22616 o Radish Raphanus sativus var. Champion 7.8 29 0 GRO ECy 347.3 12 Y N
Aquaterra, 2000 22616 p Radish Raphanus sativus var. Champion 8.1 3.5 0 GRO ECy 322.7 12 Y N
Mitchell et al, 1988 15861 a Common oat Avena sativa 5.5 2.0 2 GRO ECs 535 14 N N
Mitchell et al, 1988 15861 b Cucumber Cucumis sativus 5.5 2.0 2 GRO ECs 540 14 N N
Mitchell et al, 1988 15861 c Soybean Glycine max 5.5 2.0 2 GRO ECs, 550 14 N N
Mitchell et al, 1988 15861 d Heath-leaf banksia |Banksia ericifolia 5.5 2.0 2 GRO ECs 610 14 N N
Mitchell et al, 1988 15861 e She-oak Casuarina distyla Vent. 5.5 2.0 2 GRO ECs 205 14 N N
Mitchell et al, 1988 15861 f Yellow bloodwood |Eucalyptus eximia Shau. 5.5 2.0 2 GRO ECs 560 14 N N
Kjaer and Elmegaard, 1996 4231 a Black bindweed  |Polygonum convolvulus 6.4 1.7 2 GRO ECs 272 14 N N
Kjaer and Elmegaard, 1996 4231 d Black bindweed  |Polygonum convolvulus 6.4 1.7 2 MOR ECs 219 14 N N
Tikhomirav et al, 1988 4757 Common oat Avena sativa 4.6 2.5 2 GRO LOAEC 150 14 N N
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Table 3.1 Plant Toxicity Data - Copper

P | study . . Bio- Tox (TS"O’:l‘éa;EE Total | Eligible for | Used
Reference Number | ID Test Organism Soil pH| OM% | availability | ERE Parameter | at mg/kg Evaluation Ec.o-S.SL for Eco-
Score dw) Score Derivation? | SSL?
Mitchell et al, 1988 15861 g Common oat Avena sativa 5.5 2.0 2 GRO LCs 1765 13 N N
Mitchell et al, 1988 15861 h Cucumber Cucumis sativus 5.5 2.0 2 GRO LCs 1725 13 N N
Mitchell et al, 1988 15861 I Soybean Glycine max 5.5 2.0 2 GRO LCs 1140 13 N N
Mitchell et al, 1988 15861 j Heath-leaf banksia |Banksia ericifolia 5.5 2.0 2 GRO LCs 1520 13 N N
Mitchell et al, 1988 15861 k She-oak Casuarina distyla Vent. 5.5 2.0 2 GRO LCs 580 13 N N
Mitchell et al, 1988 15861 1 Yellow bloodwood |Eucalyptus eximia Schau. 5.5 2.0 2 GRO LCs 1845 13 N N
Mozaffari et al, 1996 4176 a Citrus cultivar Cleopatra mandarin 5.0 0.98 2 GRO | NOAEC 200 13 N N
Spencer, 1966 15004 - citrus cultivar Cleopatra mandarin 5.4 1.0 2 GRO | LOAEC 5 11 N N
De Haan, 1985 5048 a Common oat | Avena sativa 5.6 1.6 2 REP MATC 283 11 N N
Pedersen et al, 2000a 56463 a Black bindweed  |Fallopia, convolvulus 6.0-6.7 4.5 1 GRO ECs 284 16 N N
Pedersen et al, 2000a 56463 b Black bindweed  |Fallopia, convolvulus 6.0-6.7 4.5 1 GRO ECs 258 16 N N
Pedersen et al, 2000a 56463 c Black bindweed  |Fallopia, convolvulus 6.0-6.7 4.5 1 GRO ECs 259 16 N N
Pedersen et al, 2000a 56463 d Black bindweed  |Fallopia, convolvulus 6.0-6.7 4.5 1 GRO ECs 329 16 N N
Pedersen et al, 2000a 56463 e Black bindweed  |Fallopia, convolvulus 6.0-6.7 4.5 1 GRO ECs 260 16 N N
Pedersen et al, 2000a 56463 f Black bindweed  |Fallopia, convolvulus 6.0-6.7 4.5 1 GRO ECs 291 16 N N
Genovese, 1978 58147 a Jack pine Pinus banksiana Lamb. 0.04 7.7 1 GRO | NOAEC 400 11 N N
Genovese, 1978 58147 Black spruce Pinus mariana (Mill) B.S.P. 0.04 7.7 1 GRO | NOAEC 400 11 N N
Tikhomirav et al, 1988 4757 c Common oat Avena sativa 5.9 29 1 GRO LOAEC 400 13 N N
Mozaffari et al, 1996 4176 c Citrus cultivar Cleopatra mandarin 7.0 0.98 1 GRO | LOAEC 200 12 N N
Gonzalez, 1991 4609 a Alfalfa Medicago sativa 7.1 0.3 1 GRO | NOAEC 1600 12 N N
EC,,= Effect concentration for 10% of test population NOAEC = No observed adverse effect concentration
EC,, = Effect concentration for 10% of test population ns = Not specified
ECs, = Effect concentration for 50% of test population OM = Organic matter content
ERE = Ecologically relevant endpoint REP = Reproduction
GRO = Growth Y =Yes
LOAEC = Lowest observed adverse effect concentration Bioavailability Score described in Guidance for Developing Eco-SSLs (U.S. EPA, 2003)
MATC = Maximum acceptable toxicant concentration. Geometric mean of NOAEC and LOAEC. Total Evaluation Score described in Guidance for Developing Eco-SSLs (U.S. EPA, 2003)
N =No
Eco-SSL for Copper Feburary 2007



Table 4.1 Invertebrate Toxicity Data - Copper

P Study ) Bio- Tox Tox Value Total Eligible for Used for
Reference Test Organism Soil pH| OM% | availability | ERE (Soil Conc at|Evaluation| Eco-SSL
Number| ID Parameter L. Eco-SSL?
Score mg/kg dw) Score Derivation?
Scott-Fordsmand et al., 1997 2288 --  |Springtail  |Folsomia fimetario 5.5 4.0 2 REP ECy 38 16 Y Y
Svendsen and Weeks, 1997a 11490 -- |Earthworm |FEisenia andrei 5.6 <1.0 2 REP MATC 133 15 Y Y
Ma, 1984 11146 a |Earthworm |Lumbricus rubellus 4.8 5.7 2 REP MATC 84 14 Y Y
Korthals et al., 1996a 7848 a |Nematode |Not available 4.0 3.7 2 POP MATC 116 14 Y Y
Korthals et al., 1998 13828 --  |Nematode |Not available 4.25 3.3 2 POP MATC 141 13 Y Y
Korthals et al., 1996b 4402 a |Nematode |Not available 4.1 3.2 2 REP MATC 141 13 Y Y
Svendsen and Weeks, 1997b 4449 -- |Earthworm |Lumbricus rubellus 5.6 <1.0 2 GRO MATC 188 13 Y Y
Ma, 1988 7854 a |Earthworm |Aporrectodea caliginosa 5 5.0 2 REP ECy, 27 13 Y Y
Ma, 1988 7854 b |Earthworm |Allolobophora chlorotica 5 5.0 2 REP ECy 28 13 Y Y
Ma, 1988 7854 c Earthworm |Lumbricus rubellus 5 5.0 2 REP EC,, 80 13 Y Y
Geometric Mean| 80

Data not Used to Derive Soil Invertebrate Eco-SSL

Kula and Larink, 1997 11046 d  |Earthworm |Eisenia fetida 5.8 4.0 1 REP MATC 18 11 Y N
Kula and Larink, 1997 11046 b |Earthworm |Eisenia andrei 5.8 4.0 1 REP MATC 6 11 Y N
Sandifer and Hopkin, 1996 4056 a  |Springtail  |Folsomia candida 5.8 10.0 1 REP MATC 447 16 Y N
Sandifer and Hopkin, 1996 4056 b |Springtail |Folsomia candida 5.1 10.0 1 REP MATC 447 16 Y N
Sandifer and Hopkin, 1996 4056 ¢ [Springtail |Folsomia candida 4.5 10.0 1 REP MATC 1732 16 Y N
Bogomolov et al., 1996 4940 a |Earthworm |A. tuberclata 6.3 5.0 1 REP MATC 141 16 Y N
Bogomolov et al., 1996 4940 b [Nematode |Not available 6.3 5.0 1 POP MATC 566 16 Y N
Van Gestel et al., 1991 6826 b |Earthworm |Eisenia andrei 6.2 10.0 1 GRO MATC 75 16 Y N
Ma, 1984 11146 b |Earthworm |Lumbricus rubellus 7.1 5.7 1 REP MATC 203 14 Y N
Pedersen et al., 2000b 55995 a Springtail  |Folsomia candida 6.7 4.5 1 REP ECy, 50 14 Y N
Pedersen et al., 2000b 55995 b |Springtail |F. fimetaria 6.7 4.5 1 REP ECy, 141 14 Y N
Phillips et al., 1996 11508 a |Earthworm |Eisenia fetida 4.7 1.4 1 GRO MATC 200 13 Y N
Sandifer and Hopkin, 1997 758 -~ |Springtail  |Folsomia candida 6.0 10.0 1 REP MATC 447 13 Y N
Kula and Larink, 1997 11046 a |Earthworm |Eisenia fetida 6.0 10.0 1 REP MATC 18 11 Y N
Van Gestel et al., 1989 4111 -- |Earthworm |Eisenia andrei 6 10 1 REP MATC 85 13 Y N
Kula and Larink, 1997 11046 ¢ Earthworm |Eisenia andrei 6.0 10.0 1 REP MATC 179 11 Y N
Scott-Fordsman et al., 2000 22634 a  |Springtail |Folsomia fimetaria L. 6.7-7.1/3.9-5.5 1 REP MATC 500 15 Y N
Aquaterra, 2000 22616 e |Springtail  |Onychiurus folsomi 6.1 9.0 0 REP ECy, 425 17 Y N
Haque and Ebing, 1983 10944 -- |Earthworm |Lumbricus terrestris 6.1 1.7 2 MOR LCs, 98 13 N N
Donkin and Dusenbery, 1993 7838 a |Nematode |Caenorhabditis elegans 5.2 1.7 2 MOR LCsy 534 14 N N
Donkin and Dusenbery, 1993 7838 b |Nematode |Caenorhabditis elegans 5.1 3.0 2 MOR LCs, 413 13 N N
Peredney and Williams, 2000b 56449 g |Nematode |Caenorhabditis elegans 4 1.14 2 MOR LCsy 20 13 N N
Peredney and Williams, 2000b 56449 h  |Nematode |Caenorhabditis elegans 4 1.14 2 MOR LCs 25 13 N N
Peredney and Williams, 2000b 56449 i Nematode |Caenorhabditis elegans 4 4.2 2 MOR LCsy 186 13 N N
Peredney and Williams, 2000b 56449 j__ |Nematode |Caenorhabditis elegans 4 4.2 2 MOR LCs 252 13 N N
Phillips et al., 1996 11508 b |Earthworm |Eisenia fetida 3.8 5.9 2 MOR | LOAEC 100 12 N N
Korthals et al., 1996a 7848 b |Nematode [Not available 6.1 3.7 1 POP | NOAEC 168 13 N N
Kammenga et al., 1996 5515 -- |Nematode |Plectus acuminatus 5.5 10.0 1 REP LOAEC 10 13 N N
Posthuma et al., 1997 2380 a__ |Earthworm |Enchytraeus crypticus 5.5 10.0 1 REP LCs 477 16 N N
Posthuma et al., 1997 2380 b |Earthworm |Enchytraeus crypticus 6.0 10.0 1 REP LCsy 873 16 N N
Spurgeon et al., 1994 4364 Earthworm |Eisenia fetida 6.3 10 1 REP LCs 53 15 N N
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Table 4.1 Invertebrate Toxicity Data - Copper

P Study ) Bio- Tox Tox Value Total Eligible for Used for
Reference Test Organism Soil pH| OM% | availability | ERE (Soil Conc at|Evaluation| Eco-SSL
Number | ID Parameter L. Eco-SSL?
Score mg/kg dw) Score Derivation?
Spurgeon and Hopkin, 1995 6822 a |Earthworm |Eisenia fetida 6.1 10.0 1 REP | NOAEC 29 15 N N
Donkin and Dusenbery, 1993 7838 ¢ Nematode |Caenorhabditis elegans 6.1 3.4 1 MOR LCsy 1061 12 N N
Donkin and Dusenbery, 1993 7838 d  |Nematode |Caenorhabditis elegans 6.2 2.2 1 MOR LCs 629 12 N N
Data not Used to Derive Soil Invertebrate Eco-SSL
Neuhauser et al., 1986 17707 -- |Earthworm |FEisenia fetida 6.0 10.0 1 MOR LGy 643 14 N N
Peredney and Williams, 2000a 53082 -- |Nematode |Caenorhabditis elegans 4 10 1 MOR LCsy 1272 12 N N
Peredney and Williams, 2000b 56449 k |Nematode |Caenorhabditis elegans 4 10 1 MOR LG, 431 12 N N
Peredney and Williams, 2000b 56449 1 Nematode |Caenorhabditis elegans 4 10 1 MOR LCsy 463 12 N N
Neuhauser et al., 1985 6812 -- |Earthworm |Eisenia fetida 6.0 10.0 1 MOR LGy 643 11 N N
Aquaterra, 2000 22616 aa |Earthworm |Eisenia fetida 6.1 9.0 0 MOR LCsy 632 15 N N
Aquaterra, 2000 22616 ab |Earthworm |Lumbricus terrestris 6.1 9.0 0 MOR LCs, 456 15 N N
Aquaterra, 2000 22616 ca |Earthworm |Eisenia fetida 7.8 2.9 0 MOR LCsy 721 14 N N
Aquaterra, 2000 22616 cb |Earthworm |Lumbricus terrestris 7.8 2.9 0 MOR LCs 313 14 N N
Aquaterra, 2000 22616 da |Earthworm |Eisenia fetida 8.1 3.5 0 MOR LCsy 596 14 N N
Aquaterra, 2000 22616 db |Earthworm |Lumbricus terrestris 8.1 3.5 0 MOR LCs 486 14 N N
Data not Used to Derive Soil Invertebrate Eco-SSL
EC,, = Effect concentration for 10% of test population N=No
EC,, = Effect concentration for 50% of test population NOAEC = No observed adverse effect concentration
ERE = Ecologically relevant endpoint OM = Organic matter content
GRO = Growth POP = Population
LCs = Concentration lethal to 50% of test population REP = Reproduction
LOAEC = Lowest observed adverse effect concentration Y =Yes
MATC = Maximum acceptable toxicant concentration Bioavailability Score described in Guidance for Developing Eco-SSLs (U.S.EPA, 2003)
MOR = Mortality Total Evaluation Score described in Guidance for Developing Eco-SSLs (U.S. EPA, 2003)
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5.0 ECO-SSL FOR AVIAN WILDLIFE

The derivation of the Eco-SSL for avian wildlife was completed as two parts. First, the toxicity
reference value (TRV) was derived according to the Eco-SSL guidance (U.S. EPA, 2003;
Attachment 4-5). Second, the Eco-SSL (soil concentration) was back-calculated for each of three
surrogate species representing different trophic levels based on the wildlife exposure model and
the TRV (U.S. EPA, 2003).

5.1 Avian TRV

The literature search completed according to the Eco-SSL guidance (U.S. EPA, 2003; Attachment
4-1) identified 3,365 papers with possible toxicity data for either avian or mammalian species.

Of these studies, 3,175 were rejected for use as described in Section 7.5. Of the remaining
studies, 107 contained data for avian test species. These papers were reviewed and the data were
extracted and scored according to the Eco-SSL guidance (U.S. EPA, 2003; Attachment 4-3 and 4-
4). The results of the data extraction and review are provided as Table 5.1. The complete results
are included as Appendix 5-1.

Within the reviewed papers, there are 393 results for biochemical (BIO), behavior (BEH),
physiology (PHY), pathology (PTH), reproduction (REP), growth (GRO), and survival (MOR)
effects that meet the Data Evaluation Score of >65 for use to derive the TRV (U.S. EPA, 2003;
Attachment 4-4). These data are plotted in Figure 5.1 and correspond directly with the data
presented in Table 5.1. The no-observed adverse effect level (NOAEL) results for growth and
reproduction are used to calculate a geometric mean. This result is examined in relationship to
the lowest bounded lowest-observed adverse effect level (LOAEL) for reproduction, growth, and
survival to derive the TRV according to procedures in the Eco-SSL guidance (U.S. EPA, 2003;
Attachment 4-5).

A geometric mean of the NOAEL values for reproduction and growth was calculated at 18.5 mg
copper/kg bw/day. This value, however, is higher than the lowest bounded LOAEL for
reproduction, growth, or survival. Therefore, the TRV is equal to the highest bounded NOAEL
lower than the lowest bounded LOAEL for reproduction, growth or survival and is equal to 4.05
mg copper/kg bw/day.
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Table 5.1
Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Copper
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Biochemical (BIO)
1 |Rangachar and Jayprakash, 1979 6530 |Chicken (Gallus domesticus) 2| U|[FD| 105 | d 10 |w|JV|M|CHM|HMGL| BL| 5.31 69
2 |Chiou et al, 1999 2048 |Chicken (Gallus domesticus) 4|U|FD| 3 |[w]| 3 w |JV|NR| ENZ| CRKI | BL| 5.32 133 | 77
3 |Foster, 1999 18769 |Duck (Anas platyrhynchos ) 2(M|DR| 14 | d 4 d | JV|NR|CHM| GLUC | BL| 10.1 71
4 |Pearce et al, 1983 2294 |Chicken (Gallus domesticus ) 4(U|FD| 5 |d]| 27 |w|JV| F|CHM| LIPD | BL| 123 247 | 75
5 [Jackson et al, 1979 2160 |Chicken (Gallus domesticus) 5|U|FD| 224 [d| 17 |w|[SM| F |[CHM| LIPD | LI | 125 232 | 77
6 |Pearce et al, 1983 2294 |Chicken (Gallus domesticus ) 5|U|[FD| 6 [d| 26 |w|[SM| F |[CHM| LIPD | LI | 139 27.8 | 76
7 |Poupoulis and Jensen, 1976 36263 |Chicken (Gallus domesticus ) S5|U|FD| 4 |w 1 d|JV| M |CHM| FFTA | LD| 143 28.7 | 69
8 [Ward et al, 1995 6788 |Turkey (Melagris gallopavo') 2(M|FD| 10 | d 5 d|JV|M|[CHM|HMGL| BL| 183 67
9 |Stevenson and Jackson, 1980 2293 |Chicken (Gallus domesticus ) 4(U|FD| 8 |w| 24 |w|SM| F [CHM| LIPD | LI | 22.6 452 | 76
10 |Chiou et al, 1998 2049 |Chicken (Gallus domesticus ) 4[U|FD| 1 |w]| 38 |w|SM| F | ENZ|LADH|SR| 255 30.6 | 75
11 |Chiou et al, 1997 2050 |Chicken (Gallus domesticus) 5|M|[FD| 4 [w]| 28 |w|[SM| F | ENZ| ASAT | SR| 275 40.6 | 82
12 [Jackson and Stevenson, 1981 2158 |Chicken (Gallus domesticus) 6| U|[FD| 280 | d 18 | w|SM| F |CHM| LIPD | LI | 30.0 375 | 76
13 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F |CHM| LIPD | LI | 353 4.1 | 77
14 |Ledoux et al, 1987 2194 |Chicken (Gallus domesticus) 3 [UX|FD| 21 |d 1 d|JV| F|ENZ| GOTR | SR| 363 73
15 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F |CHM| LIPD | LI | 40.0 50.0 | 77
16 |Foster, 1999 18769 (Duck (Anas platyrhynchos ) 5|M|[DR| 14 |d 4 d | JV|NR|CHM| URIC | BL| 51.6 258 | 75
17 |Foster, 1999 18769 (Duck (Anas platyrhynchos ) 2[M|FD| 35 | d 3 d | JV|NR|CHM| HEMT | BL| 75.5 69
18 |Foster, 1999 18769 [Duck (Anas platyrhynchos ) 4| M|FD| 35 |d 3 d | JV|NR|CHM| GLUC | SR | 297 76
19 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus) 4| U|FD| 42 |d 1 d|JV| M |[CHM| CHOL | BT 221 | 69
20 [Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 3(U|FD| 42 |d 1 d|JV| M |[CHM| CHOL | BT 2.80 | 69
21 [Jackson et al, 1979 2160 |Chicken (Gallus domesticus) 5|U|[FD| 336 [d| 17 |w|[SM| F [CHM| LIPD | LI 511 | 71
22 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 3(U|FD| 42 |d 1 d|JV| M |[CHM| CHOL | BT 557 | 69
23 [Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus) 4| U|FD| 21 |d 1 d|JV|M|[CHM| CHOL | PL 583 | 69
24 |Gill et al, 1995 2107 |Chicken (Gallus domesticus) 4 (U |FD| 2 |w 4 w [JV| M| ENZ | SGOT | SR 7.99 | 71
25 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 2(U|FD| 42 | d 1 d|JV| M |[CHM| CHOL | BT 8.19 | 69
26 [Skrivan et al, 2000 25969 |Chicken (Gallus domesticus’) 2(M|FD| 38 |d 1 d|JV| M |[CHM| CHOL | AD 9.72 | 75
27 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 2| U|FD| 42 |d| 21 |[d]|JV|M|CHM| CHOL | BT 11.5 | 69
28 [Nam et al, 1984 2226 |Chicken (Gallus domesticus ) 3[U|FD| 4 |w| 3 d | JV|NR|CHM| GBCM | NR 134 | 70
29 |Poupoulis and Jensen 1976 2250 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d | JV|NR|CHM| PHPH | GZ 143 | 69
30 |Bakalli et al, 1995 3717 |Chicken (Gallus domesticus) 2(U|FD| 20 | d 1 d|JV|M|[CHM| CHOL | PL 17.8 | 69
31 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus') 2|M|[FD| 6 |w| 24 |w|SM| F | ENZ| AATT | SR 239 | 76
32 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|SM| F | ENZ| AATT | SR 304 | 76
33 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|SM| F | ENZ| AATT | SR 352 | 76
34 |Ekperigin and Vohra, 1981 2084 |Chicken (Gallus domesticus) 3/U|FD| 4 |w| 12 d | JV|NR|CHM| GLCN | LI 355 | 69
35 |Van Vleet et al, 1981 80 |Duck (Anas platyrhynchos ) 2({U|FD| 15 | d 1 d|JV| M| ENZ| GLPX | BL 201 | 69
Behavior (BEH)
36 |Hoda and Maha, 1995 2007 |Chicken (Gallus domesticus) 3[U|FD| 6 |w 1 d | JV|NR| FDB | FCNS [WO| 1.92 67
37 |Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F | FDB| FCNS [WO| 104 20.8 | 80
38 |Foster, 1999 18769 |Duck (Anas platyrhynchos ) 2(M|DR| 14 | d 4 d | JV|NR| FDB [ WCON|[WO| 12.6 67
39 |Chiou et al, 1999 2048 |Chicken (Gallus domesticus) 4| U|FD| 3 |[w]| 3 w | JV|NR| FDB | FCNS [WO| 133 26.6 | 80
40 |Jenkins et al, 1970 2162 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w 1 d|JV| B | FDB| FCNS |WO| 134 69
41 |Harms and Buresh, 1986 2117 |Chicken (Gallus domesticus ) 3/U|[FD| 6 |w| 64 |w|SM| F | FDB| FCNS |[WO| 13.9 195 | 72
42 |Ledoux et al, 1989 5812 |Chicken (Gallus domesticus ) 4| U|FD| 3 |w 1 d |JV| M| FDB | FCNS [WO| 15.2 22.8 | 74
43 |Funk and Baker, 1991 2099 |Chicken (Gallus domesticus) 3(U|FD| 14 |d 8 d |JV| M| FDB | FCNS [WO| 15.7 25.8 | 80
44 [Miles et al, 1998 2221 |Chicken (Gallus domesticus) 4| U|FD| 42 |d 1 d|JV| B | FDB| FCNS [WO| 16.5 24.7 | 80
45 |Pearce et al, 1983 2294 |Chicken (Gallus domesticus ) 5|U|[FD| 48 [d| 26 |w|[SM]| F | FDB| FCNS |WO| 16.6 33.1 | 79
46 |Stevenson and Jackson, 1980 2292 |Chicken (Gallus domesticus ) 5| U|FD| 6 d| 24 |w|SM| F | FDB| FCNS |WO| 16.7 334 | 79
47 |Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus ) 6| U|[FD| 336 |d| 26 |w|SM| F | FDB| FCNS [WO| 17.0 255 | 80
48 [Miles et al, 1998 2221 |Chicken (Gallus domesticus) 4| U|FD| 42 |d 1 d |JV| B | FDB| FCNS [WO| 17.2 25.8 | 80
49 |Jensen and Maurice, 1978 2165 |Chicken (Gallus domesticus ) 31U |FD| 4 |w 1 d | JV|NR| FDB | FEFF |WO| 17.8 355 [ 79
50 [Jackson and Stevenson, 1981 2158 |Chicken (Gallus domesticus ) 6| U|[FD| 280 | d 18 | w|SM| F | FDB [ FCNS [WO| 17.9 269 | 80
51 |Stevenson et al, 1983 6170 |Chicken (Gallus domesticus) 4[{U|FD| 5 |d]| 27 |w|SM| F | FDB| FCNS [WO| 18.0 28.0 | 76
52 |Ward et al, 1995 6788 |Turkey (Melagris gallopavo') 2(M|FD| 10 | d 5 d|JV| M| FDB|[WCON|WO| 183 70
53 |Funk and Baker, 1991 2099 |Chicken (Gallus domesticus) 5|U|FD| 14 [d 8 d |JV| M| FDB | FCNS [WO[ 19.6 30.5 | 80
54 |Jackson and Stevenson, 1981 2158 |Chicken (Gallus domesticus) 6| U|[FD| 280 | d 18 | w|SM| F | FDB [ FCNS [WO| 20.1 26.8 | 80
55 |Pimentel et al, 1992 5617 |Chicken (Gallus domesticus ) 2|U|FD| 3 |w 1 d |JV| B | FDB | FCNS [WO| 20.9 66
56 |Miles et al, 1998 2221 |Chicken (Gallus domesticus) 4| M|FD| 21 |d 1 d |JV| B | FDB| FCNS [WO| 21.9 340 | 85
57 |Kassim and Suwanpradit, 1996 2172 |Chicken (Gallus domesticus ) 4 (U |FD| 3 |w 1 d|JV| M| FDB | FCNS |WO| 22.7 341 | 79
58 |Jackson et al, 1979 2160 |Chicken (Gallus domesticus) 5|U|[FD| 224 [d| 17 |w|[SM]| F | FDB| FCNS |WO| 232 29.9 | 80
59 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|SM| F | FDB| FCNS |WO| 23.9 70
60 |Ledoux et al, 1987 2194 |Chicken (Gallus domesticus ) 3 [UX|FD| 21 |d 1 d|JV| F | FDB| FCNS |WO| 25.7 51.5 | 84
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Table 5.1
Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Copper
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61 |Chiou et al, 1997 2050 |Chicken (Gallus domesticus) 5|M|[FD| 4 [w]| 28 |w]|[SM]| F | FDB| FCNS |WO| 27.5 40.6 | 85
62 |Jackson, 1977 2157 |Chicken (Gallus domesticus) 6| U|FD| 35 | d| NR [NR|SM| F | FDB | FCNS [WO| 29.1 47.5 | 80
63 |Miles et al, 1998 2221 |Chicken (Gallus domesticus) 4| M|FD| 21 |d 1 d |JV| B | FDB| FCNS [WO| 29.5 79
64 |Hill, 1990 5734 |Chicken (Gallus domesticus ) 4| U|FD| 19 |d 1 d|JV| F | FDB| FCNS |WO| 304 72
65 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|SM| F | FDB| FCNS [WO| 304 70
66 |Chiou et al, 1998 2049 |Chicken (Gallus domesticus) 4[{U|FD| 4 |w]| 38 |w|SM| F | FDB| FCNS [WO| 334 40.1 | 80
67 |Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|SM| F | FDB| FCNS |[WO| 35.2 70
68 |Funk and Baker, 1991 2099 |Chicken (Gallus domesticus) 5/|U|[FD| 14 |d 8 d |JV| M| FDB | FCNS [WO| 35.2 63.9 | 80
69 |Funk and Baker, 1991 2099 |Chicken (Gallus domesticus) 3(U|FD| 14 |d 8 d |JV| M| FDB | FCNS [WO| 36.3 74
70 |Foster, 1999 18769 (Duck (Anas platyrhynchos ) 5|M|[DR| 14 |d 4 d | JV|NR| FDB [ WCON|WO| 51.6 258 | 78
71 |Stevenson et al, 1983 6170 |Chicken (Gallus domesticus) U|GV| 5 |d| 27 [w]|SM| F | FDB| FCNS |WO| 654 68
72 |Foster, 1999 18769 (Duck (Anas platyrhynchos ) 2(M|FD| 35 | d 3 d | JV|NR| FDB | FCNS [WO| 75.5 72
73 |Foster, 1999 18769 (Duck (Anas platyrhynchos ) 2(M|FD| 35 | d 3 d | JV|NR| FDB | FCNS [WO| 143 67
74 |Foster, 1999 18769 |Duck (Anas platyrhynchos ) 4| M|FD| 35 |d 3 d | JV|NR| FDB | FCNS [WO| 246 72
75 |Ko et al, 1985 2181 |Chicken (Gallus domesticus) 4| U|FD| 3 |[w]| 3 d|JV| M| FDB | FCNS [WO 2.69 | 74
76 |Gill et al, 1995 2107 |Chicken (Gallus domesticus) 4(U|FD| 4 |w| 4 |w|JV|[M]|FDB| FCNS [WO 7.99 | 74
77 |Griminger,1977 2112 |Chicken (Gallus domesticus ) S|U|FD| 2 |w 7 |mo|[SM| F [ FDB | FCNS | WO 224 |73
78 |Stevenson and Jackson, 1980 2293 |Chicken (Gallus domesticus) 4(U|FD| 8 |w| 24 |w|SM| F [ FDB| FCNS |WO 226 | 73
79 |Yannakopoulos et al., 1990 2333 |Japanese quail (Coturnix japonica)| 4 | U [FD| 34 | d 7 d|JV| B | FDB| FCNS | WO 275 | 74
80 |Harms and Buresh, 1986 2118 |Turkey (Melagris gallopavo') 3|U|FD| 21 |d 1 d|JV| B | FDB | FCNS [WO 30.8 | 74
81 [Christmas and Harms, 1979 2052 |Turkey (Melagris gallopavo ) 3| U|[FD| 21 |d 1 d|JV| B | FDB| FCNS | WO 314 | 74
82 |Jensen and Maurice, 1978 2165 |Chicken (Gallus domesticus) 3|/U|FD| 4 |w 1 d | JV|NR| FDB | FEFF | WO 349 | 73
83 |Jensen, 1975 1403 |Chicken (Gallus domesticus ) 2({U|FD| 14 | d 1 d |JV| M| FDB | FCNS [WO 929 | 74

Physiology (PHY)
84 |Rangachar and Hegde, 1975 2259 |Chicken (Gallus domesticus) 3| U|[FD| 120 | d 1 d|JV| F |PHY | PROT | PL| 3.93 72
85 |Ankari et al, 1998 2006 |Chicken (Gallus domesticus) 4 U|FD| 84 | d]| 25 | w|SM| F | PHY | FDCV [WO| 4.05 12.1 | 74
86 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus) 4| U|FD| 42 |d 1 d |JV| M| PHY | FDCV [WO| 4.43 72
87 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 3(U|FD| 42 |d 1 d |JV| M| PHY | FDCV |[WO| 5.56 72
88 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 4| U|FD| 42 |d 1 d |JV| M| PHY | FDCV [WO| 5.83 11.7 | 78
89 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus) 2(U|FD| 42 | d 1 d |JV| M| PHY | FDCV [WO| 8.19 72
90 |Skrivan et al, 2000 25969 |Chicken (Gallus domesticus ) 2(M|FD| 39 |d 1 d |JV| B [ PHY | FDCV [WO| 9.72 69
91 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 5|U|[FD| 35 | d 1 d |JV| M| PHY | FDCV [WO| 11.9 72
92 |Jackson et al, 1979 2160 |Chicken (Gallus domesticus) 5|U|[FD| 224 [d| 17 | w|[SM]| F | PHY | FDCV |WO| 125 232 | 80
93 |Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus ') 31/U|FD| 4 |w 1 d | JV|NR| PHY | FDCV |WO| 143 28.7 | 78
94 |Miles et al, 1998 2221 |Chicken (Gallus domesticus) 4| U|FD| 42 |d 1 d |JV| B | PHY | FDCV [WO| 16.5 24.7 | 80
95 |Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F | PHY | FDCV |[WO| 17.0 255 | 80
96 |Miles et al, 1998 2221 |Chicken (Gallus domesticus) 4| U|FD| 42 |d 1 d |JV| B [ PHY | FDCV [WO| 17.2 25.8 | 80
97 |Jackson and Stevenson, 1981 2158 |Chicken (Gallus domesticus) 6| U|[FD| 280 | d 18 | w|SM| F | PHY | FDCV [WO| 17.9 269 | 80
98 |Ward et al, 1995 6788 |Turkey (Meleagris gallopavo ') 2| M|[FD| 10 | d 5 d |JV| M| PHY | FDCV |WO| 183 70
99 [Jensen and Maurice, 1979 2166 |Chicken (Gallus domesticus) 4(U|FD| 4 |w 1 d | JV|NR| PHY | FDCV |WO| 18.5 37.1 | 79
100 |Robbins and Baker, 1980 2267 |Chicken (Gallus domesticus) 3(U|FD| 14 |d 8 d | JV|NR| PHY | FDCV [WO| 213 427 | 79
101 |Ekperigin and Vohra, 1981 6474 |Chicken (Gallus domesticus) 2(U|FD| 8 |d 7 d | JV|NR| PHY | FDCV [WO| 21.5 72
102 {Jackson and Stevenson, 1981 2158 |Chicken (Gallus domesticus) 6| U|[FD| 280 | d 18 | w|SM| F | PHY [ FDCV [WO| 25.3 31.6 | 80
103 |Robbins and Baker, 1980 2266 |Chicken (Gallus domesticus) 3(U|FD| 8 |d 8 d |JV| M| PHY | FDCV |[WO| 264 52.8 | 79
104 {Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |w| 26 |w|SM| F | PHY | FDCV |WO| 27.2 36.2 | 80
105 |Chiou et al, 1999 2048 |Chicken (Gallus domesticus ) 4| U|FD| 3 |[w]| 3 w | JV|NR| PHY | FDCV [WO| 284 74
106 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus ') S5|U|FD| 4 |w 1 d | JV|NR| PHY | FDCV |WO| 28.7 574 | 78
107 [Poupoulis and Jensen,1976 2250 |Chicken (Gallus domesticus) 4 (U |FD| 4 |w 1 d | JV|NR| PHY | FDCV |WO| 28.7 574 | 78
108 |Wang et al, 1987 2319 |Chicken (Gallus domesticus) 2({U|FD| 3 |w 1 d |JV| M| PHY | FDCV [WO| 35.5 72
109 |Wang et al, 1987 2319 |Chicken (Gallus domesticus ) 4| U|FD| 3 |w 1 d |JV| M| PHY | FDCV [WO| 35.5 72
110 |Ledoux et al, 1987 2194 |Chicken (Gallus domesticus') 3 [UX|FD| 21 |d 1 d |JV| F [ PHY | FDCV |[WO| 454 78
111 |Funk and Baker, 1991 2099 |Chicken (Gallus domesticus) 5/|U|[FD| 14 |d 8 d |JV| M| PHY | FDCV |WO| 46.7 53.6 | 80
112 | Yannakopoulos et al, 1990 2333 |Japanese quail (Coturnix japonica)| 4 | U [FD| 34 | d 7 d |JV| B | PHY | FDCV |WO| 82.0 74
113 |Mehring and Brumbaugh, 1960 22 |Chicken (Gallus domesticus ) 5|M|[FD| 10 |[w 1 d |JV| B | PHY | FDCV [WO| 843 69
114 |Ko et al, 1985 2181 |Chicken (Gallus domesticus) 4[U|FD| 3 |w]| 3 d |JV| M| PHY | FDCV [WO 2.69 | 74
115 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 2(U|FD| 42 | d 1 d |JV| M| PHY | FDCV WO 270 | 72
116 [Kashani et al, 1986 2171 |Turkey (Meleagris gallopavo ') 2| U|[FD| 8 |w 1 d |JV| M | PHY | FDCV | WO 488 | 73
117 |Pesti and Bakalli 1996 2244 |Chicken (Gallus domesticus ) 2(U|FD| 42 | d 1 d |JV| M| PHY | FDCV WO 543 | 72
118 [Jensen and Maurice 1978 2164 |Chicken (Gallus domesticus) 31/U|[FD| 3 |w 1 d | JV|NR| PHY | GPHY | WO 943 | 67
119 |Pesti and Bakalli 1996 2244 |Chicken (Gallus domesticus) 2| U|FD| 42 |d| 21 |d|JV|M|PHY| FDCV |WO 11.5 | 72
120 |Nam et al 1984 2226 |Chicken (Gallus domesticus) 3|U|FD| 4 |w| 3 d | JV|NR| PHY | FDCV [WO 134 | 73
121 |Bakalli et al, 1995 3717 |Chicken (Gallus domesticus) 2(U|FD| 41 | d 1 d |JV| M| PHY | FDCV [WO 143 | 72
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122 Jensen and Maurice, 1978 2164 |Chicken (Gallus domesticus) 2| U|[FD| 4 |w 1 d | JV|NR| PHY | IRRI | FE 16.6 | 67
123 [Jensen and Maurice, 1978 2164 |Chicken (Gallus domesticus) 2| U|[FD| 3 |w 1 d | JV|NR| PHY | GPHY | DT 182 | 73
124 [Jensen and Maurice, 1978 2164 |Chicken (Gallus domesticus) 2| U|[FD| 3 |w 1 d | JV|NR| PHY | GPHY | DT 183 | 73
125 [Jensen and Maurice, 1978 2164 |Chicken (Gallus domesticus) 2| U|[FD| 3 |w 1 d | JV|NR| PHY | GPHY | DT 184 | 73
126 [Jensen and Maurice, 1978 2164 |Chicken (Gallus domesticus) 2| U|[FD| 3 |w 1 d | JV|NR| PHY | GPHY | DT 186 | 73
127 |Griminger, 1977 2112 |Chicken (Gallus domesticus ) 5|U[FD| 2 [w| 7 |mo|[SM| F |PHY| IRRI | FE 224 | 73
128 |Robbins and Baker, 1980 2266 |Chicken (Gallus domesticus) 3(U|FD| 8 |d 8 d |JV| M| PHY | FDCV [WO 264 | 73
129 [Jensen and Maurice, 1979 2166 |Chicken (Gallus domesticus) 2| U|[FD| 4 |w 1 d | JV|NR| PHY | FDCV | WO 36.6 | 73
130 |Robbins and Baker, 1980 2267 |Chicken (Gallus domesticus) 2({U|FD| 12 | d 8 d | JV|NR| PHY | FDCV [WO 50.1 | 73
131 |Robbins and Baker, 1980 2266 |Chicken (Gallus domesticus) 2(U|FD| 8 |d 8 d |JV| M| PHY | FDCV [WO 552 | 73
132 |Robbins and Baker, 1980 2267 |Chicken (Gallus domesticus) 2(U|FD| 8 |d 8 d | JV|NR| PHY | FDCV [WO 572 | 73
133 |Robbins and Baker, 1980 2267 |Chicken (Gallus domesticus) 2({U|FD| 12 | d 8 d | JV|NR| PHY | FDCV [WO 59.0 | 73

Pathology (PTH)
134 [Guenthner et al, 1978 2114 |Turkey (Melagris gallopavo ) 2| U|[FD| 24 |w 1 d|JV| M| HIS | GHIS | HE| 2.97 73
135 |Hoda and Maha, 1995 2007 |Chicken (Gallus domesticus) 3[U|FD| 6 |w 1 d|JV|M|[ORW| SMIX | AT| 3.61 7.21 | 80
136 |Chiou et al, 1999 2048 |Chicken (Gallus domesticus') 4| U|FD| 3 |[w]| 3 w [ JV|NR| HIS | GHIS | DT| 5.73 143 | 80
137 |Hoda and Maha, 1995 2007 |Chicken (Gallus domesticus) 3[U|FD| 6 |w 1 d | JV|INR[ORW| SMIX | LI [ 6.28 67
138 |Jensen et al, 1991 2163 |Chicken (Gallus domesticus) 4| U|FD| 3 |w 1 d|JV| M| HIS | GLSN [MH| 8.40 16.8 | 79
139 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d |JV|NR| HIS | GHIS | GZ| 123 247 | 78
140 |Pearce et al, 1983 2294 |Chicken (Gallus domesticus ) 4[U|FD| 5 |d]| 27 |w|JV| F|ORW| SMIX | LI | 123 247 | 78
141 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) S5|U|FD| 4 |w 1 d |JV|NR| HIS | GHIS | GZ| 143 28.7 | 78
142 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 4(U|FD| 4 |w 1 d |JV|NR| HIS | GHIS | GZ| 143 28.7 | 78
143 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) S5|U|FD| 4 |w 1 d |JV|NR| HIS | GHIS | GZ| 143 28.7 | 78
144 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d |JV|NR| HIS | GHIS | GZ| 143 28.7 | 78
145 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d |JV|NR| HIS | GHIS | GZ| 143 28.7 | 78
146 |Wideman et al, 1996 2325 |Chicken (Gallus domesticus') 5|M|[FD| 2 |w 1 d|JV| M| HIS | GHIS | PR| 15.7 212 | 78
147 |Pearce et al, 1983 2294 |Chicken (Gallus domesticus ) 5|\U|[FD| 12 [d| 26 |w|[SM| F |ORW| SMIX | LI | 158 316 | 79
148 [Jensen and Maurice, 1978 2165 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d |JV|NR| HIS | USTR | GZ| 17.8 355 [ 79
149 |Stevenson et al, 1983 6170 |Chicken (Gallus domesticus) 4(U|FD| 5 |d]| 27 |w|SM| F |ORW| SMIX | LI | 18.0 28.0 | 76
150 |Wood and Worden, 1973 36216 |Duck (4nas platyrhynchos ) 2| U|FD| 16 |d 2 d|JV| B | ITX | GITX [WO| 18.1 72
151 |Jackson et al, 1979 2160 |Chicken (Gallus domesticus) 5|U|[FD| 232 [d| 17 |w|[SM| F |[ORW|ORWT| LI | 232 29.9 | 80
152 {Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F |ORW|ORWT| LI | 23.7 29.7 | 80
153 [Stevenson and Jackson 1980 2292 |Chicken (Gallus domesticus) 5| U|FD| 6 d| 24 |w|SM| F |ORW| SMIX | LI | 27.2 544 | 79
154 |Chiou et al 1997 2050 |Chicken (Gallus domesticus) 5|M|[FD| 4 |[w]| 28 |w|[SM| F | HIS| GHIS | LI | 279 353 | 85
155 |Stevenson et al, 1983 6170 |Chicken (Gallus domesticus) 41U |GV| 5 |d]| 27 |w|SM| F |ORW| SMIX | LI | 34.0 654 | 79
156 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus ) 6| U|[FD| 336 |d| 26 |w|SM| F |ORW| SMIX | GZ| 353 441 80
157 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus ) 6| U|[FD| 336 |d| 26 |w|SM| F |ORW|ORWT| GZ| 40.0 50.0 | 80
158 |Ledoux et al, 1987 2194 |Chicken (Gallus domesticus ) 3 [UX|FD| 21 |d 1 d|JV| F [ORW| SMIX | LI | 454 78
159 |Jackson, 1977 2157 |Chicken (Gallus domesticus) 6| U|FD| 35 | d| NR [NR|SM| F [ORW|ORWT| LI [ 49.9 54.8 | 80
160 |Foster, 1999 18769 (Duck (Anas platyrhynchos ) 5|M|[DR| 14 |d 4 d | JV|NR| HIS | GLSN [WO| 51.6 258 | 78
161 |Van Vleet et al, 1981 80 |Duck (Anas platyrhynchos ) 2(U|FD| 28 |d 1 d|JV| M| HIS [ NCRO | GZ| 201 72
162 |Foster, 1999 18769 (Duck (Anas platyrhynchos ) 4| M|FD| 35 |d 3 d | JV|NR| HIS | GLSN | LI | 297 70
163 [Shivanandappa et al, 1983 3727 |Chicken (Gallus domesticus) 6| U[OR| 3 |w| 25 |w|JV|M|PTH|ORWT| LI 637 66
164 |Hoda and Maha, 1995 2007 |Chicken (Gallus domesticus) 3[U|FD| 6 |w 1 d|JV|M|[ORW| SMIX | AT 1.02 | 74
165 |Wood and Worden, 1973 36216 |Chicken (Gallus domesticus’) 2(U|FD| 21 |d 2 d|JV| B [ORW|ORWT| LI 355 | 72
166 |King, 1975 2177 |Duck (A4nas platyrhynchos ) 2(U|FD| 56 | d 8 d|JV| B [ORW| SMIX | IN 4.15 | 72
167 |King, 1972 2178 |Chicken (Gallus domesticus) 2({U|FD| 9 |w 1 d|JV| B [ORW| SMIX | IN 4.65 | 72
168 |Jackson et al, 1979 2160 |Chicken (Gallus domesticus) 5|U|[FD| 336 [d| 17 | w|[SM| F |[ORW|ORWT]| LI 511 | 74
169 [Jensen and Maurice, 1978 2164 |Chicken (Gallus domesticus) 3|/U|FD| 4 |w 1 d | JV|NR|ORW| SMIX | LI 7.87 | 67
170 {Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F |ORW|ORWT | GZ 8.58 | 74
171 |Wideman et al, 1996 2325 |Chicken (Gallus domesticus) 4| U|FD| 2 |w 1 d|Jv HIS | GHIS | PR 133 | 72
172 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 2| U|[FD| 4 |w 1 d | JV|NR| HIS | GHIS | GZ 143 | 72
173 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 3|/U|FD| 4 |w 1 d | JV|NR| HIS | GHIS | GZ 143 | 72
174 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d | JV|NR| HIS | GHIS | GZ 143 | 72
175 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d | JV|NR| HIS | GHIS | GZ 143 | 72
176 [Jensen and Maurice, 1978 2164 |Chicken (Gallus domesticus') 2| U|[FD| 4 |w 1 d | JV|NR| HIS | GHIS | GZ 16.6 | 67
177 |Latymer and Coates, 1981 2191 |Chicken (Gallus domesticus) 2| U|[FD| 24 |d 1 d|JV| B |ORW|ORWT| LI 213 [ 73
178 |Robbins and Baker, 1980 2267 |Chicken (Gallus domesticus) 3|U|FD| 14 |d 8 d | JV|NR| HIS | GHIS | GZ 213 | 73
179 [Stevenson and Jackson, 1980 2293 |Chicken (Gallus domesticus) 4 U|FD| 8 |w| 24 |w|SM| F [ORW| SMIX | LI 226 |73
180 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|SM| F |ORW|ORWT| KI 239 [ 79
181 |Smith, 1969 2284 |Chicken (Gallus domesticus') 4| U|FD| 25 |d 1 d|JV|M|[ORW|ORWT| LI 303 | 73
182 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|SM| F |ORW|ORWT| KI 304 | 79
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183 [Christmas and Harms, 1979 2052 |Turkey (Melagris gallopavo ) 3| U|[FD| 21 |d 1 d|JV| B | HIS | USTR | GZ 314 | 74
184 [Jensen and Maurice, 1978 2165 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d | JV|NR|ORW| SMIX | GZ 349 [ 73
185 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|SM| F |ORW|ORWT| KI 352 [ 79
186 [Jensen and Maurice, 1979 2166 |Chicken (Gallus domesticus) 2| U|[FD| 4 |w 1 d | JV|NR|ORW| SMIX | SP 36.6 | 73
187 |Van Vleet et al, 1981 80 |Duck (4nas platyrhynchos ) 2(U|FD| 15 | d 1 d|JV| M| HIS [ NCRO | GZ 201 | 72
188 [Shivanandappa et al, 1983 3727 |Chicken (Gallus domesticus) S|U|OR| 3 [(w]| 25 [w|[JV|M|ORW|ORWT| LI 536 75

Reproduction (REP)
189 |Ankari et al, 1998 2006 |Chicken (Gallus domesticus') 4| U|FD| 84 |d]| 25 |w|LB| F | REP | EGPN [WO| 4.05 12.1 | 80
190 |Harms and Buresh, 1986 2117 |Chicken (Gallus domesticus ) 3|U|FD| 6 |w| 64 |w]|LB| F | REP| EGPN [WO| 13.9 19.5 | 85
191 {Jackson and Stevenson, 1981 2158 |Chicken (Gallus domesticus) 6| U|[FD| 280 | d 18 |w|LB| F | EGG|EGWT|EG| 15.6 233 | 86
192 |Stevenson et al, 1983 6170 |Chicken (Gallus domesticus) 4(U|GV| 5 |d]| 27 |w|LB| F | REP| PROG [WO| 16.7 340 | 89
193 {Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|LB| F | REP| EGPN |[WO| 17.0 255 | 86
194 |Stevenson et al, 1983 6170 |Chicken (Gallus domesticus) 4(U|FD| 5 |d]| 27 |w|LB| F | REP| PROG [WO| 18.0 28.0 | 86
195 [Jackson and Stevenson, 1981 2158 |Chicken (Gallus domesticus) 6| U|[FD| 280 | d 18 |w|LB| F | EGG|EGWT|EG| 194 29.0 | 86
196 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|LB| F | REP| EGPN |[WO| 20.5 30.7 | 86
197 |Jackson et al, 1979 2160 |Chicken (Gallus domesticus) 5|U|[FD| 336 [d| 17 |w|LB| F | REP | EGPN |WO| 21.6 71
198 |Griminger, 1977 2112 |Chicken (Gallus domesticus) 5|U[FD| 2 [w| 7 |mo|LB| F |EGG| ESTH | EG| 224 44.8 | 85
199 |Pearce et al, 1983 2294 |Chicken (Gallus domesticus ) 5|U|FD| 12 [d| 26 |w]|[LB| F | REP | EGPN |WO| 225 45.0 | 85
200 |Jackson et al, 1979 2160 |Chicken (Gallus domesticus) 5|U|[FD| 232 [d| 17 |w|LB| F | REP | EGPN |WO| 232 29.9 | 86
201 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|LB| F | REP| EGPN |[WO| 23.9 76
202 [Stevenson and Jackson, 1980 2292 |Chicken (Gallus domesticus ) 5| U|FD| 6 d| 24 |w|LB| F | REP | EGPN |WO| 27.2 544 | 85
203 |Chiou et al, 1997 2050 |Chicken (Gallus domesticus) 5|M|FD| 4 [w]| 28 |w]|[LB| F | REP | EGPN |WO| 27.5 40.6 | 91
204 |Jackson, 1977 2157 |Chicken (Gallus domesticus) 6| U|FD| 35 | d| NR |[NR|LB| F | REP | PROG [WO| 29.1 47.5 | 86
205 [Jackson and Stevenson, 1981 2291 |Chicken (Gallus domesticus) 2|M|FD| 6 |w| 24 |w|LB| F | REP| EGPN |[WO| 304 76
206 |Chiou et al, 1998 2049 |Chicken (Gallus domesticus) 4({U|FD| 4 |w]| 38 |w|LB| F | REP| EGPN [WO| 334 40.1 | 86
207 [Jackson and Stevenson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|LB| F | REP| EGPN |[WO| 352 76
208 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|LB| F | REP|ORWT|OV| 40.0 50.0 | 86
209 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus ) 6| U|[FD| 336 |d| 26 |w|LB| F | REP| EGPN |[WO| 43.3 71
210 [Shivanandappa et al, 1983 3727 |Chicken (Gallus domesticus ) 6| U[OR| 3 |w| 25 |w|JV| M| REP| SPCV | TE| 239 318 87
211 [Kadirvel and Kothandaraman, 1978 11876 |Chicken (Gallus domesticus ) 2| U|[FD| 28 |w| 12 |w|LB| F | EGG| EGWT|WO 19.7 | 80
212 [Stevenson and Jackson, 1980 2293 |Chicken (Gallus domesticus ) 4(U|FD| 8 |w| 24 |w|LB| F [ REP | EGPN |WO 226 | 79
213 [Shivanandappa et al, 1983 3727 |Chicken (Gallus domesticus) S|U|OR| 3 |(w]| 25 [w|[JV|M| REP| SPCV | TE 536 81
Growth (GRO)
214 |Hoda and Maha, 1995 2007 |Chicken (Gallus domesticus) 3[U|FD| 6 |w 1 d |JV| M| GRO|BDWT|WO| 1.92 78
215 [Kashani et al, 1986 2171 |Turkey (Melagris gallopavo ) 4 (U |FD| 8 |w 1 d|JV| M |GRO|BDWT|WO| 234 4.68 | 83
216 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus) 2(U|FD| 42 | d 1 d |JV| M| GRO|BDWT|WO| 2.70 76
217 |Hill, 1974 1369 |Chicken (Gallus domesticus ) 2({U|FD| 2 |w 1 d |JV| B [ GRO|BDWT|WO| 2.75 76
218 [Guenthner et al, 1978 2114 |Turkey (Melagris gallopavo ) 2| U|[FD| 24 |w 1 d |JV| M| GRO|BDWT|WO| 2.97 68
219 |[McGhee et al, 1965 14453 Chicken (Gallus domesticus ) 5| U|[FD| 4 [w]| NR [NR|[JV|NR|GRO|BDWT|WO| 3.83 7.67 | 83
220 |King, 1975 2177 |Duck (A4nas platyrhynchos ) 2(U|FD| 56 | d 8 d |JV| B [ GRO|BDWT|WO| 4.15 76
221 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 4| U|FD| 42 |d 1 d |JV| M| GRO|BDWT|WO| 443 76
222 |King, 1972 2178 |Chicken (Gallus domesticus) 2({U|FD| 9 |w 1 d |JV| B [ GRO|BDWT|WO| 4.65 67
223 |[Kayongo-Male and Palmer, 1998 5149 |Turkey (Melagris gallopavo ') 31 U|[FD| 4 |w| NR |NR|JV|NR|GRO|BDWT|WO| 4.75 68
224 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 2(U|FD| 42 | d 1 d |JV| M| GRO|BDWT|WO| 543 76
225 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus) 3(U|FD| 42 |d 1 d |JV| M [ GRO|BDWT|WO| 5.56 76
226 |Waibel et al, 1964 14405 |Turkey (Melagris gallopavo ) 3[U|FD| 3 |w| 7 d | JV|NR [ GRO | BDWT |WO| 5.82 46.6 | 75
227 |Hoda and Maha, 1995 2007 |Chicken (Gallus domesticus) 3[U|FD| 6 |w 1 d | JV|NR| GRO | BDWT|WO| 6.28 78
228 |Hoda and Maha, 1995 2007 |Chicken (Gallus domesticus) 3[U|FD| 6 |w 1 d | JV|NR| GRO | BDWT |WO| 7.55 78
229 |Hill, 1974 92  |Chicken (Gallus domesticus ) 2({U|FD| 2 |w 1 d|JV| B |GRO|BDWT| WI| 7.63 76
230 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 2(U|FD| 42 | d 1 d |JV| M| GRO|BDWT|WO| 8.19 76
231 |Ko et al, 1985 2181 |Chicken (Gallus domesticus) 4| U|FD| 3 |[w]| 3 d |JV| M [ GRO|BDWT|WO| 840 69
232 |Ekperigin and Vohra, 1981 6474 |Chicken (Gallus domesticus) 4| U|FD| 7 |d 6 d | JV|NR| GRO | BDWT |WO| 8.59 429 | 80
233 |Ekperigin and Vohra, 1981 6474 |Chicken (Gallus domesticus) 3[U|FD| 7 |d 7 d | JV|NR| GRO | BDWT |WO| 8.59 429 | 80
234 |Gill et al, 1995 2107 |Chicken (Gallus domesticus) 4({U|FD| 3 |w| 4 |w|[JV|M]|GRO|BDWT|WO| 9.52 19.0 | 84
235 |Skrivan et al, 2000 25969 |Chicken (Gallus domesticus’) 2| M|FD| 38 |d 1 d |JV| B [ GRO|BDWT|WO| 9.72 82
236 |Foster, 1999 18769 |Duck (Anas platyrhynchos ) 5|M|[DR| 14 |d 4 d | JV|NR| GRO | BDWT |[WO| 10.2 51.6 | 82
237 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 3(|U|FD| 42 |d 1 d |JV| M| GRO|BDWT|WO| 11.1 76
238 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 2| U |FD| 42 |d| 21 [ d]|JV|M|[GRO|BDWT|WO| 11.5 67
239 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus ) 5|U|[FD| 35 | d 1 d |JV| M |[GRO|BDWT|WO| 11.9 76
240 |Nam et al, 1984 2226 |Chicken (Gallus domesticus) 3[U|FD| 4 |w| 3 d | JV|NR| GRO | BDWT |[WO| 12.2 243 | 83
241 |Foster, 1999 18769 |Duck (Anas platyrhynchos ) 2(M|DR| 14 | d 4 d | JV|NR| GRO | BDWT |WO| 12.6 78
242 |Chiou et al, 1999 2048 |Chicken (Gallus domesticus ) 4[U|FD| 3 |w]| 3 w | JV|NR| GRO | BDWT [WO| 13.3 26.6 | 84
Eco-SSL for Copper February 2007




Table 5.1

Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Copper
Page 5 of 7
= =

5|21 8| £ |, 2 L 2.

IR .| 2 |£|2s|8s

3| % E o 2 2| o s S z‘) R E R E

* el 5|8l |E|2 | €| 2 |Elas|Es
F Ref Ol2| el & |% S| g 5| 5 |g|28|24| <
7 | g = =% - ) ) 52 - & & @ o ) o ) <
& Reference No. Test Organism :: = :2 2 E 2':‘7 ::n Sla| & = £ | ZE|RE|8
243 |Jenkins et al, 1970 2162 |Chicken (Gallus domesticus ) 2(M|FD| 6 |w 1 d|JV| B [ GRO|BDWT|WO| 134 73
244 |Marron et al, 2001 25968 |Chicken (Gallus domesticus’) 2(U|FD| 21 |d 7 d |JV| M| GRO|BDWT|WO| 14.2 68
245 [Hill, 1990 5734 |Chicken (Gallus domesticus ) 5|U|[FD| 19 |d 1 d|JV| F [ GRO|BDWT|WO| 14.2 76
246 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 3|/U|FD| 4 |w 1 d | JV|NR| GRO | BDWT |WO| 14.3 28.7 | 82
247 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) S|U|FD| 4 |w 1 d | JV|NR| GRO | BDWT |WO| 14.3 28.7 | 82
248 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 3|/U|FD| 4 |w 1 d | JV|NR| GRO | BDWT |WO| 143 28.7 | 82
249 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) S5|U|FD| 4 |w 1 d | JV|NR| GRO | BDWT |WO| 143 28.7 | 82
250 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d | JV|NR| GRO | BDWT |WO| 14.3 28.7 | 82
251 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus') 2| U|[FD| 4 |w 1 d | JV|NR| GRO | BDWT |WO| 14.3 67
252 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus') 2| U|[FD| 4 |w 1 d | JV|NR| GRO | BDWT |WO| 14.3 67
253 |Bakalli et al, 1995 3717 |Chicken (Gallus domesticus) 2(U|FD| 41 | d 1 d |JV| M| GRO|BDWT|WO| 143 76
254 |Funk and Baker, 1991 2099 |Chicken (Gallus domesticus) 3(U|FD| 14 |d 8 d |JV| M| GRO|BDWT|WO| 15.7 258 | 84
255 |Miles et al, 1998 2221 |Chicken (Gallus domesticus) 4| U|FD| 42 |d 1 d |JV| B [ GRO|BDWT|WO| 16.5 247 | 84
256 [Stevenson and Jackson, 1980 2292 |Chicken (Gallus domesticus) 51U |FD| 6 d| 24 | w|SM| F | GRO|BDWT|WO| 16.7 334 | 83
257 |Miles et al, 1998 2221 |Chicken (Gallus domesticus) 4| U|FD| 42 |d 1 d |JV| B [ GRO|BDWT|WO| 17.2 25.8 | 84
258 |Pesti and Bakalli, 1996 2244 |Chicken (Gallus domesticus) 4| U|FD| 42 |d 1 d |JV| M| GRO|BDWT|WO| 17.5 76
259 |Smith, 1969 2284 |Chicken (Gallus domesticus ) 4| U|FD| 25 |d 1 d |JV| M| GRO|BDWT|WO| 17.8 31.1 | 83
260 |Wang et al, 1987 2319 |Chicken (Gallus domesticus ) 4| U|FD| 3 |w 1 d|JV| M|[GRO|BDWT|WO| 17.8 355 | 82
261 [Stevenson et al, 1983 6170 |Chicken (Gallus domesticus) 4 U |FD| 5 d| 27 | w|SM| F | GRO|BDWT|WO| 18.0 28.0 | 80
262 Jensen and Maurice, 1978 2164 |Chicken (Gallus domesticus) 2| U|[FD| 3 |w 1 d | JV|NR| GRO | BDWT |WO| 18.2 68
263 |Ward et al, 1995 6788 |Turkey (Melagris gallopavo') 2(M|FD| 10 | d 5 d |JV| M|[GRO|BDWT|WO| 183 74
264 [Jensen and Maurice, 1978 2164 |Chicken (Gallus domesticus') 2| U|[FD| 3 |w 1 d | JV|NR| GRO | BDWT |WO| 18.3 68
265 [Jensen and Maurice, 1978 2164 |Chicken (Gallus domesticus) 2| U|[FD| 3 |w 1 d | JV|NR| GRO | BDWT |WO| 184 68
266 [Jensen and Maurice, 1978 2166 |Chicken (Gallus domesticus) 4 (U |FD| 4 |w 1 d | JV|NR| GRO | BDWT|WO| 18.5 37.1 83
267 |Jensen and Maurice, 1978 2164 |Chicken (Gallus domesticus) 2| U|[FD| 3 |w 1 d | JV|NR| GRO | BDWT |WO| 18.6 68
268 |Funk and Baker, 1991 2099 |Chicken (Gallus domesticus) 5/|U|[FD| 14 |d 8 d |JV| M| GRO|BDWT|WO| 19.6 30.5 | 84
269 [Kadirvel and Kothandaraman, 1978 11876 |Chicken (Gallus domesticus ) 2| U|[FD| 28 |w| 12 | w|SM| F | GRO|BDWT|WO| 19.7 69
270 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus ) 6| U|[FD| 336 |d| 26 |w|SM| F | GRO|BDWT|WO| 20.5 30.7 | 84
271 |Pimentel et al, 1992 5617 |Chicken (Gallus domesticus ) 2({U|FD| 3 |w 1 d |JV| B [ GRO|BDWT|WO| 20.9 68
272 |Robbins and Baker, 1980 2267 |Chicken (Gallus domesticus) 3(U|FD| 14 |d 8 d | JV|NR| GRO [ BDWT |[WO| 21.3 42.7 | 83
273 |Ekperigin and Vohra, 1981 6474 |Chicken (Gallus domesticus) 5|U|[FD| 7 |d 9 d | JV|NR| GRO | BDWT |[WO| 21.5 429 | 82
274 |Ekperigin and Vohra, 1981 6474 |Chicken (Gallus domesticus ) 2(U|FD| 8 |d 9 d | JV|NR| GRO [ BDWT|[WO| 21.5 76
275 |Jackson et al, 1979 2160 |Chicken (Gallus domesticus) 5|U|[FD| 336 [d| 17 | w|[SM]| F | GRO|BDWT|WO| 21.6 68
276 |Wideman et al, 1996 2325 |Chicken (Gallus domesticus) 5|M|[FD| 2 |w 1 d |JV| M| GRO|BDWT|WO| 21.7 76
277 |Miles et al, 1998 2221 |Chicken (Gallus domesticus) 4| M|FD| 21 |d 1 d |JV| B [ GRO|BDWT|WO| 21.9 340 | 89
278 |Griminger, 1977 2112 |Chicken (Gallus domesticus ) S|U|FD| 2 |w 7 |mo[SM| F [ GRO|BDWT |WO| 224 448 | 83
279 [Kassim and Suwanpradit, 1996 2172 |Chicken (Gallus domesticus ) 4 (U |FD| 3 |w 1 d |JV| M| GRO|BDWT|WO| 22.7 34.1 83
280 [Jackson and Stevenson, 1981 2158 |Chicken (Gallus domesticus) 6| U|[FD| 280 | d 18 | w|[SM| F | GRO [ BDWT [WO| 23.0 30.7 | 84
281 [Jackson et al, 1979 2160 |Chicken (Gallus domesticus) 5| U|FD| 232 |d 17 | w|SM| F | GRO | BDWT [WO| 23.2 299 | 84
282 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F | GRO|BDWT|WO| 23.3 31.0 | 84
283 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|SM| F | GRO|BDWT|WO| 23.9 74
284 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 3|/U|FD| 4 |w 1 d | JV|NR| GRO | BDWT |WO| 24.7 67
285 [Jackson and Stevenson, 1981 2158 |Chicken (Gallus domesticus ) 6| U|[FD| 280 | d 18 | w|[SM| F | GRO [ BDWT [WO| 264 352 | 84
286 |Ward et al, 1995 6788 |Turkey (Melagris gallopavo') 2(M|DR| 10 | d 5 d |JV| M [ GRO|BDWT|WO| 26.6 69
287 |Ledoux et al, 1989 5812 |Chicken (Gallus domesticus ) 4| U|FD| 3 |w 1 d |JV| M| GRO|BDWT|WO| 26.9 404 | 78
288 |Chiou et al, 1997 2050 |Chicken (Gallus domesticus') 5|M|[FD| 28 [d| 28 |w|[SM]| F |GRO|BDWT|WO| 279 353 | 89
289 |Hill, 1989 7091 |Chicken (Gallus domesticus) 4| U|FD| 19 | d| NR |NR|[JV|[NR|GRO|BDWT|WO| 284 70
290 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus') 4 (U |FD| 4 |w 1 d | JV|NR| GRO | BDWT |WO| 28.7 574 | 82
291 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus') 31U |FD| 4 |w 1 d | JV|NR| GRO | BDWT |WO| 28.7 67
292 |Miles et al, 1998 2221 |Chicken (Gallus domesticus) 4| M|FD| 21 |d 1 d |JV| B [ GRO|BDWT|WO| 29.5 83
293 |Vohra and Kratzer, 1968 14404 |Turkey (Melagris gallopavo ) 3| U|FD| 21 |d| NR [NR|JV| B [ GRO|BDWT|WO| 29.7 593 | 82
294 |Hill, 1990 5734 |Chicken (Gallus domesticus ) 4| U|FD| 19 |d 1 d|JV| F [ GRO|BDWT|WO| 304 76
295 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|SM| F | GRO|BDWT|WO| 30.7 74
296 [Mehring and Brumbaugh, 1960 22 |Chicken (Gallus domesticus ) S|M|FD| 10 |w 1 d|JV| B |GRO|BDWT|WO| 33.0 433 | 88
297 [Jensen et al, 1991 2163 |Chicken (Gallus domesticus) 4 (U |FD| 3 |w 1 d|JV| M| GRO|BDWT|WO| 34.1 68
298 |Harms and Buresh, 1986 2118 |Turkey (Melagris gallopavo') 31U |FD| 21 |d 1 d |JV| B [ GRO|BDWT|WO| 34.6 519 | 84
299 |Funk and Baker, 1991 2099 |Chicken (Gallus domesticus) 5|U|FD| 14 [d 8 d |JV| M| GRO|BDWT|WO| 35.2 639 | 83
300 |Bafundo et al, 1984 2517 |Chicken (Gallus domesticus) 2(U|FD| 14 | d 8 d |JV| M| GRO|BDWT|WO| 355 67
301 |Hill, 1990 5734 |Chicken (Gallus domesticus ) 2({U|FD| 19 | d 1 d|JV| F | GRO|BDWT|WO| 35.5 76
302 [Funk and Baker, 1991 2099 |Chicken (Gallus domesticus) 3|1|U|[FD| 14 |d 8 d|JV| M| GRO|BDWT|WO| 363 78
303 [Jensen and Maurice, 1979 2166 |Chicken (Gallus domesticus) 2| U|[FD| 4 |w 1 d | JV|NR| GRO | BDWT |WO| 36.6 77
304 |Davis et al, 1996 1278 |Chicken (Gallus domesticus ) 2| U|FD| 21 |d| 14 | d]|JV|M|GRO|BDWT|WO| 37.1 69
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Table 5.1
Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Copper
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305 |Chiou et al, 1998 2049 |Chicken (Gallus domesticus) 4|U|FD| 4 |w]| 38 |w|[SM| F | GRO|BDWT|WO| 40.1 69
306 |Southern and Baker, 1983 6368 |Chicken (Gallus domesticus) 2({U|FD| 14 | d 8 d |JV| M [ GRO|BDWT|WO| 41.0 68
307 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F | GRO|BDWT|WO| 43.3 69
308 [Kassim and Suwanpradit, 1996 2172 |Chicken (Gallus domesticus ) 4 (U |FD| 3 |w 3 w [JV| M| GRO | BDWT [WO| 49.5 742 | 83
309 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F | GRO|BDWT|WO| 50.0 69
310 |Vohra and Kratzer, 1968 14404 |Turkey (Melagris gallopavo ) 31U |FD| 21 |d| NR [NR|JV| B [ GRO|BDWT|WO| 50.1 76
311 |Jackson, 1977 2157 |Chicken (Gallus domesticus ) 6| U|FD| 35 | d 1 yr [SM| F | GRO | BDWT |WO| 50.9 559 | 84
312 |Foster, 1999 18769 (Duck (Anas platyrhynchos ) 4| M|FD| 35 |d 3 d | JV|NR| GRO | BDWT |WO| 56.8 109 | 89
313 |Vohra and Kratzer, 1968 14404 |Turkey (Melagris gallopavo ) 5| U|[FD| 21 [d| NR [NR[JV]| B | GRO|BDWT|WO| 60.0 120 | 82
314 [Stevenson et al, 1983 6170 |Chicken (Gallus domesticus) 4 (U |GV| 5 d| 27 | w|SM| F | GRO|BDWT|WO| 654 68
315 [Yannakopoulos et al., 1990 2333 |Japanese quail (Coturnix japonica)| 4 | U [FD| 34 | d 7 d|JV| B |GRO|BDWT|WO| 82.0 78
316 [Leeson and Summers, 1982 2196 |Chicken (Gallus domesticus) 4 (U |FD| 21 |d 1 d|JV| M |GRO|BDWT|WO| 103 68
317 |Foster, 1999 18769 |Duck (Anas platyrhynchos ) 2(M|FD| 35 | d 3 d | JV|NR| GRO | BDWT [WO| 143 78
318 |Ko et al, 1985 2181 |Chicken (Gallus domesticus) 4| U|FD| 3 |[w]| 3 d |JV| M| GRO|BDWT|WO 2.69 | 78
319 [Kashani et al, 1986 2171 |Turkey (Melagris gallopavo ) 2| U|[FD| 8 |w 1 d|JV| M| GRO|BDWT|WO 488 | 77
320 [Harms and Eberst, 1974 9234 |Turkey (Melagris gallopavo ) 2| U|[FD| 3 |w 1 d | JV|NR| GRO | GGRO | WO 103 | 77
321 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 3|/U|FD| 4 |w 1 d | JV|NR| GRO | BDWT | WO 143 | 76
322 [Jensen and Maurice, 1978 2165 |Chicken (Gallus domesticus) 3|/U|FD| 4 |w 1 d | JV|NR| GRO | BDWT | WO 175 | 77
323 [Latymer and Coates, 1981 2191 |Chicken (Gallus domesticus) 2| U|[FD| 24 | d 1 d |JV| B | GRO|BDWT | WO 213 | 77
324 [Stevenson and Jackson, 1980 2293 |Chicken (Gallus domesticus) 4(U|FD| 8 |w| 24 |w|SM| F [ GRO|BDWT|WO 22,6 | 77
325 |Ledoux et al, 1987 2194 |Chicken (Gallus domesticus) 3 [UX|FD| 21 |d 1 d|JV| F | GRO|BDWT|WO 227 | 82
326 |Robbins and Baker, 1980 2266 |Chicken (Gallus domesticus) 3[U|FD| 8 |d 8 d |JV| M| GRO|BDWT|WO 264 | 77
327 |Robbins and Baker, 1980 2266 |Chicken (Gallus domesticus) 3[U|FD| 8 |d 8 d |JV| M| GRO|BDWT|WO 264 | 77
328 |Hill, 1974 1369 |Chicken (Gallus domesticus ) 2({U|FD| 5 |w 1 d |JV| B | GRO|BDWT|WO 28.7 | 76
329 [Christmas and Harms, 1979 2052 |Turkey (Melagris gallopavo ) 3| U|[FD| 21 |d 1 d |JV| B | GRO|BDWT | WO 314 | 78
330 [Jensen and Maurice, 1978 2165 |Chicken (Gallus domesticus ') 3|/U|FD| 4 |w 1 d | JV|NR| GRO | BDWT | WO 349 | 77
331 [Stevenson and Jackson, 1981 2291 |Chicken (Gallus domesticus) 2|M|[FD| 6 |w| 24 |w|SM| F | GRO|BDWT|WO 352 | 83
332 |Ekperigin and Vohra, 1981 2084 |Chicken (Gallus domesticus) 3|U|FD| | |w| 12 [ d]|JV| B |[GRO|BDWT|WO 355 | 76
333 |Wang et al, 1987 2319 |Chicken (Gallus domesticus) 2({U|FD| 3 |w 1 d |JV| M| GRO|BDWT|WO 355 | 76
334 |Hill, 1974 92  |Chicken (Gallus domesticus ) 6| U|FD| 2 |w 1 d |JV| B [ GRO|BDWT|WO 429 | 76
335 |Robbins and Baker, 1980 2267 |Chicken (Gallus domesticus) 2({U|FD| 12 | d 8 d | JV|NR| GRO | BDWT [ WO 50.1 | 77
336 |Robbins and Baker, 1980 2266 |Chicken (Gallus domesticus) 2(U|FD| 8 |d 8 d |JV| M| GRO|BDWT|WO 552 | 77
337 |Robbins and Baker, 1980 2267 |Chicken (Gallus domesticus) 2(U|FD| 8 |d 8 d | JV|NR| GRO | BDWT [ WO 572 | 77
338 |Robbins and Baker, 1980 2267 |Chicken (Gallus domesticus) 2({U|FD| 12 | d 8 d | JV|NR| GRO | BDWT [ WO 59.0 | 77
339 |Vohra and Kratzer, 1968 14404 |Turkey (Melagris gallopavo ) 4| U|FD| 21 | d| NR |NR[JV| B | GRO|BDWT|WO 60.0 | 76
340 |Foster, 1999 18769 |Duck (Anas platyrhynchos ) 2[M|FD| 35 | d 3 d | JV|NR| GRO | BDWT [ WO 75.5 | 83
341 |Hill, 1979 1370 |Chicken (Gallus domesticus ) 2({U|FD| 2 |w 1 d | JV|NR| GRO | BDWT [ WO 859 | 76
342 |Jensen, 1975 1403 |Chicken (Gallus domesticus ) 2({U|FD| 14 | d 1 d | JV|NR| GRO | BDWT [ WO 929 | 718
343 |Hill, 1980 395 |Chicken (Gallus domesticus ) 2({U|FD| 1 |w 1 d|JV| F | GRO|BDWT|WO 138 [ 70

Survival (MOR)
344 |Hill, 1974 1369 |Chicken (Gallus domesticus ) 2| U|FD| 2 |w| NR [NR|JV| B [MOR|MORT |WO| 2.75 70
345 |Wood and Worden, 1973 36216 |Chicken (Gallus domesticus) 2(U|FD| 49 | d 2 d |JV| B [MOR| MORT [WO| 3.55 77
346 |Wood and Worden, 1973 36216 |Duck (4nas platyrhynchos ) 2| U|FD| 49 |d 2 d |JV| B [ MOR| MORT |WO| 6.69 77
347 |Hill, 1974 92 |Chicken (Gallus domesticus ) 2({U|FD| 5 |w 1 d |JV| B [ MOR| MORT [WO| 7.63 68
348 |[McGhee et al, 1965 14453 Chicken (Gallus domesticus ) 5| U|[FD| 4 [w]| NR [NR[JV|NR|MOR|MORT|WO| 8.14 163 | 84
349 |Ko et al, 1985 2181 |Chicken (Gallus domesticus) 4| U|FD| 3 |[w]| 3 d |JV| M [MOR| MORT |[WO| 8.40 79
350 |Skrivan et al, 2000 25969 |Chicken (Gallus domesticus’) 2(M|FD| 38 |d 1 d |JV| B [MOR| MORT [WO| 9.72 74
351 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 3|/U|FD| 4 |w 1 d | JV|NR|MOR | MORT | WO| 11.7 68
352 |Jenkins et al, 1970 2162 |Chicken (Gallus domesticus) 2(M|FD| 6 |w 1 d |JV| B [MOR| MORT [WO| 134 83
353 |Marron et al, 2001 25968 |Chicken (Gallus domesticus’) 2(U|FD| 21 |d 7 d |JV| M [MOR| MORT [WO| 14.2 78
354 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) S5|U|FD| 4 |w 1 d | JV|NR|MOR | MORT | WO| 14.3 28.7 | 83
355 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d | JV|NR|MOR | MORT | WO| 14.3 28.7 | 83
356 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 2| U|[FD| 4 |w 1 d | JV|NR|MOR | MORT | WO| 14.3 77
357 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 2| U|[FD| 4 |w 1 d | JV|NR|MOR | MORT | WO| 14.3 77
358 |Wood and Worden, 1973 36216 |Duck (Anas platyrhynchos ) 2| U|FD| 16 |d 2 d |JV| B [MOR| MORT [WO| 18.1 77
359 |Ward et al, 1995 6788 |Turkey (Melagris gallopavo') 2(M|FD| 10 | d 5 d |JV| M [MOR| MORT [WO| 183 84
360 | Ankari et al, 1998 2006 |Chicken (Gallus domesticus) 4| U|FD| 84 | d]| 25 | w|SM| F | MOR| MORT [WO| 19.9 73
361 [Latymer and Coates, 1981 2191 |Chicken (Gallus domesticus) 2| U|[FD| 24 |d 1 d |JV| B |[MOR| MORT |WO| 21.3 69
362 |Jackson et al, 1979 2160 |Chicken (Gallus domesticus) 5|U|[FD| 336 [d| 17 | w|[SM| F [ MOR| MORT |WO| 21.6 79
363 |Ward et al, 1995 6788 |Turkey (Melagris gallopavo') 2(M|DR| 10 | d 5 d | JV| M [MOR| MORT |WO| 26.6 79
364 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus') 4(U|FD| 4 |w 1 d | JV|NR|MOR | MORT | WO| 28.7 574 | 83
365 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) S5|U|FD| 4 |w 1 d | JV|NR|MOR | MORT | WO| 28.7 574 | 83
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Avian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)
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366 |Hill, 1974 1369 |Chicken (Gallus domesticus ) 2|U|FD| 5 |w 1 d [JV| M |MOR|MORT|WO| 28.7 70
367 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d | JV|NR|MOR | MORT | WO| 28.7 77
368 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 31U |FD| 4 |w 1 d | JV|NR|MOR | MORT | WO| 28.7 77
369 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 3|/U|FD| 4 |w 1 d | JV|NR|MOR | MORT | WO| 28.7 77
370 [Poupoulis and Jensen, 1976 2250 |Chicken (Gallus domesticus) 3|/U|FD| 4 |w 1 d | JV|NR|MOR | MORT | WO| 28.7 77
371 |Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F |MOR| MORT |WO| 29.7 79
372 |Miles et al, 1998 2221 |Chicken (Gallus domesticus ) 4| U|FD| 42 | d 1 d [JV| B |MOR| MORT |WO| 29.7 79
373 [Miles et al, 1998 2221 |Chicken (Gallus domesticus ) 4| U|FD| 42 | d 1 d [JV| B |MOR| MORT |WO| 30.8 70
374 [Jackson and Stevenson, 1981 2158 |Chicken (Gallus domesticus) 6| U|[FD| 280 | d 18 | w|[SM| F | MOR | MORT [WO| 31.6 79
375 [Mehring and Brumbaugh, 1960 22 |Chicken (Gallus domesticus ) S|M|FD| 10 |w 1 d |JV| B [MOR| MORT |WO| 33.0 433 | 89
376 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus ) 6| U|[FD| 336 |d| 26 |w|SM| F |MOR| MORT |WO| 352 79
377 |Jackson and Stevenson, 1981 2158 |Chicken (Gallus domesticus ) 6| U|[FD| 280 | d 18 | w|[SM| F | MOR | MORT [WO| 354 79
378 |Jackson et al, 1979 2160 |Chicken (Gallus domesticus ) 5|U|[FD| 232 [d| 17 | w|[SM| F [ MOR| MORT |WO| 355 79
379 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F |MOR| MORT |WO| 43.3 79
380 |Waibel et al, 1964 14405 |Turkey (Melagris gallopavo ) 3|U|FD| 3 |w| 7 d [ JV[NR|MOR| SURV |WO| 46.6 72
381 [Christmas and Harms, 1979 2052 |Turkey (Melagris gallopavo ) 3| U|[FD| 21 |d 1 d |JV| B |MOR| MORT |WO| 483 79
382 [Jackson and Stevenson, 1981 2159 |Chicken (Gallus domesticus) 6| U|[FD| 336 |d| 26 |w|SM| F |MOR|MORT|WO| 50.0 79
383 [Vohra and Kratzer, 1968 14404 |Turkey (Melagris gallopavo ) 5| U|FD| 21 [d]| NR [NR[JV| B [ MOR|MORT [WO| 60.0 120 83
384 |Jackson, 1977 2157 |Chicken (Gallus domesticus ) 6| U|FD| 35 | d| NR [NR|SM| F [MOR| MORT [WO| 62.7 78
385 [Hill, 1974 92  |Chicken (Gallus domesticus ) 6| U|FD| 5 |w 1 d |JV| F [MOR| MORT |WO| 81.6 122 | 83
386 |Hill, 1979 1370 |Chicken (Gallus domesticus ) 2|U|FD| 2 |w 1 d [JV| B |MOR|MORT|WO| 859 77
387 |Jensen, 1975 1403 |Chicken (Gallus domesticus ) 2| U |FD| 14 |d 1 d [ JV[NR|MOR| MORT |WO|[ 92.9 79
388 |Van Vleet et al, 1981 80 |Duck (4nas platyrhynchos ) 2| U|FD| 15 |d 1 d [JV| M |MOR|MORT|WO| 201 77
389 |Ko et al, 1985 2181 |Chicken (Gallus domesticus ) 4[U|FD| 3 |w]| 3 d |JV| M [MOR| MORT | WO 2.69 | 719
390 |Foster, 1999 18769 |Duck (Anas platyrhynchos ) 2|M|DR| 4 |d| 4 d | JV|NR|MOR | MORT [ WO 78.5 | 77
391 [Shivanandappa et al, 1983 3727 |Chicken (Gallus domesticus ) 6[U|OR[ 3 |w| 25 |w]|JV|M|MOR|MORT|WO 79.6 | 80
392 |Van Vleet et al, 1981 80 |Duck (4nas platyrhynchos ) 2| U|FD| 15 |d 1 d |JV| M [MOR| MORT [ WO 201 | 77
393 [Shivanandappa et al, 1983 3727 |Chicken (Gallus domesticus ) S|U|OR| 4 |d]| 25 |w]|JV|[M|[MOR|MORT|WO 536 | 80
AATT = alanine aminotransferase; AD = adipose tissue; ASAT = aspartate aminotransferase; AT = alimentary tract; B = both; BDWT = body weight changes; BEH =
behavior; BIO = biochemical; BL = blood; BT = breast; bw = body weight; CHM = chemical changes; CHOL = cholesterol; CRKI = creatine kinase; d = day; DR = drinking
water; DT = digestive tract; EG = egg; EGG = egg; EGPN = eggs per nest; EGWT = egg weight; ENZ = enyzme level changes; ESTH = eggshell thickness; F = female;
FCNS = food consumption; FD = food; FDB = feeding behavior; FDCV = food conversion efficiency; FE = feathers; FEFF = feeding efficiency; FFTA = free fatty acids;
GCHM = general biochemical changes; GGRO = general growth; GHIS = general histology; GITX = general intoxication; GLCN = glycine; GLPX = glutathione peroxidase;
GLSN = gross lesions; GLUC = glucose; GOTR = glutamic-oxaloacetic transaminase; GPHY = general pysiology changes; GRO = growth; GV = gavage; GZ = gizzard; HE -
heart; HEMT = general hematology; HIS = histological changes; HMGL = hemoglobin; IN = intestinal tract; IRRI = skin irritation; ITX = intoxication; JV = juvenile; kg =
kilograms; KI = kidney; LADH = lactate dehydrogenase; LB = egg-laying bird; LD = lipid; LI = liver; LIPD = lipid; LOAEL = lowest observed adverse effect level; mg = mil
M = measured; MH = mouth; MOR = effects on mortality and survival; MORT = mortality; NCRO = necrosis; NOAEL = No Observed Advese Effect Level; NR = Not
reported; OR = other oral; ORW = organ weight changes; ORWT = organ weight changes; OV = ovaries; PHPH = pH; PHY = physiology; PL = plasma; PR = proventriculus;
PROG = progeny counts/numbers; PROT = prothrombin time; PTH = pathology; REP = reproduction; SGOT = serum glutamate oxalo actate transaminase; SK = skin; SM =
sexually mature; SMIX = weight relative to body weight; SP = spleen; SPCV = sperm cell viability; SR = serum; SURV = survival; TE = testes; U = unmeasured; URIC =
uric acid; USTR = ultrastructural changes; UX = measured but values not reported; w = weeks; WCON = water consumption; WI = wings; WO = whole organism; yr = year.

*NOAEL and LOAEL values that are equal and from the same reference represent different experimental designs.
These are designated with different Phase numbers in Appendix 5.1.
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Figure 5.1 Avian TRV Derivation for Copper
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VWildlife TRV Derivation Process Data Evaluation Score

1) There are at least three results available for two test species within the growth, reproduction, and mortality effect groups.
There are enough data to derive a TRV.

2) There are at least three NOAEL results available within the growth and reproduction effect groups for calculation of a geometric mean.
3) The geometric mean is equal to 18.5 mg copper/kg bw/d and is higher than the lowest bounded LOAEL for results within the reproduction, growth, and survival (MOR) effect groups.
3) The avian wildlife TRV for copper is equal to 4.05 mg copper/kg bw/day which is the highest NOAEL value lower than the lowest bound LOAEL value for effects on reproduction, growth or survival.
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5.2 Estimation of Dose and Calculation of the Eco-SSL

Three separate Eco-SSL values were calculated for avian wildlife, one for each of three surrogate
receptor species representing different trophic levels. The avian Eco-SSLs were calculated
according to the Eco-SSL guidance (U.S. EPA, 2003) and are summarized in Table 5.2.

Table 5.2 Calculation of the Avian Eco-SSLs for Copper

Concentration of

TRYV for . . . gy
Surrogate Receptor Copper Food Ingestl;)n Soil Ingest{on Copper 1n. 123310ta Type Eco-SSL
Grou i i Rate (FIR) as Proportion (i)* (mg/kg dw)*
P EOWIKE | (kg dw/kgbw/d) | of Diet (P, (B) g/kg
bw/d)
(mg/kg dw)

In(B;) = 0.394 *
4.05 0.190 0.139 In(Soil;) + 0.688 76
where i = plants

Avian herbivore
(dove)

Avian ground
insectivore 4.05 0.214 0.164
(woodcock)

B, = 0.515 * Soil,

. 28
where 1 = earthworms

In(B;) = 0.1444 *
4.05 0.0353 0.057 In(Soil) +2.042 1600
where 1 = mammals

Avian carnivore
(hawk)

! The process for derivation of wildlife TRV is described in Attachment 4-5 of U.S. EPA (2003).

? Parameters (FIR, P, B; values, regressions) are provided in U.S. EPA (2003) Attachment 4-1 (revised February 2005).
? B, = Concentration in biota type (i) which represents 100% of the diet for the respective receptor.

*HQ = [FIR * (Soil;* P+ B;)] / TRV solved for HQ=1 where Soil; = Eco-SSL (Equation 4-2; U.S. EPA, 2003).

6.0 ECO-SSL FOR MAMMALIAN WILDLIFE

The derivation of the Eco-SSL for mammalian wildlife was completed as two parts. First, the
TRV was derived according to the Eco-SSL guidance (U.S. EPA, 2003; Attachment 4-5).

Second, the Eco-SSL (soil concentration) was back-calculated for each of three surrogate receptor
species based on the wildlife exposure model and the TRV (U.S. EPA, 2003).

6.1 Mammalian TRV

The literature search was completed according to the Eco-SSL guidance (U.S. EPA, 2003;
Attachment 4-2) and identified 3,365 papers with possible toxicity data for copper for either avian
or mammalian species. Of these studies, 3,175 were rejected for use as described in Section 7.5.
Of the remaining papers, 97 contained data for mammalian test species. These papers were
reviewed and the data were extracted and scored according to the Eco-SSL guidance (U.S. EPA,
2003; Attachment 4-3 and 4-4). The results of the data extraction and review are summarized in
Table 6.1. The complete results are provided as Appendix 6-1.
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Table 6.1 Mammalian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)

Copper
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Biochemical (BIO)

1 [Cerklewski and Forbes, 1977 2625 |Rat (Rattus norvegicus ) 2| U |FD| 1 w| NR |NR|JV|M|CHM| HMGL | UR| 1.53 71
2 |Uthus, 2001 36349 |Rat (Rattus norvegicus ) 2 U |FD| 62 | d|[ NR [NR|JV| M |CHM| HMGL | BL| 2.07 70
3 |Amer, etal, 1973 10086 |Cattle (Bos taurus ) 3| M |FD| 4 |w 3 d |JV[ M| ENZ| GENZ [ BL| 2.71 5.09 80
4 |Miranda et al, 1981 36240 |Rat (Rattus norvegicus ) 2| M|FD| 5 |w| NR |[NR|JV|M|[ENZ| ASAT | PL | 3.60 74
5 |Hebert, 1993 2126 |Rat (Rattus norvegicus ) 6 U |FD| 13 |w 6 w |JV| B | ENZ| AATT | BL| 6.02 120 | 77
6 |Irie, 1990 21243 |Pig (Sus scrofa ) 3(U|FD| 8 |w 4 |mo|JV|NR|CHM| FFTA [WO| 6.07 70
7 |Thacker, 1991 2304 |Pig (Sus scrofa) 2 U |FD| 7 d [ NR [NR|GE| F |CHM| PRTL [MK| 6.51 70
8 [Kline et al, 1971 20975 |Pig (Sus scrofa) 4 M |FD| 8 | d| 69 d [JVINR|CHM| HMGL | BL| 7.63 66
9 [Kornegay et al, 1986 2182 |Pig (Sus scrofa) 3| U|FD| 25 [d| NR [NR|JV| B [CHM| HMGL | BL| 8.59 17.2 71
10 |Brandt, 1983 2033 [Mink (Mustela vision ) 3| M |FD| 4 |mo| 90 d |JV|[M|CHM| HMGL | PL | 10.2 19.6 | 81
11 [Suttle and Mills, 1966 3757 |Pig (Sus scrofa) 3 U |FD| 34 | d| NR [NR|JV| F | ENZ| ASAT [ SR| 119 20.3 77
12 [Smith et al, 1975 3756 |Horse - Shetland pony (Equus caballus)) 4 | M |FD| 84 | d [ NR [NR|JV|NR|CHM| PCLV [ BL| 13.8 67
13 |Moffitt and Murphy, 1973 12718 |Rat (Rattus norvegicus ) 4 U |DR|[ 15 | d| NR |NR|JV| B |ENZ| AHDX | LI | 17.1 51.2 71
14 |Bassuny, 1991 2020 |Rabbit (Oryctolagus cuniculus ) S5{U|FD| 7 |w]| 35 d [JV|M|CHM| PRTL | BL 0.758 | 71
15 |Solaiman et al, 2001 36748 |Goat (Capra hircus) 31U |GV|] 9 |w]| 7-8 |mo|JV| F [ENZ| GGTR | PL 1.47 73
16 |Kakela et al, 1999 36231 |Mink (Mustela vision) 2| U |FD| 28 | d 6 |mo|[JV| F|CHM| VIMA | PL 4.01 70
17 |Kakela and Hyvarinen, 1999 36248 |Mink (Mustela vision) 2| U |FD| 28 | d 6 |mo|[JV| F |CHM| FFTA | LD 4.01 70
18 |Adam et al, 1977 3752 |Goat (Capra hircus ) 4 U |GV| 144 | d 12 | mo|AD| B |CHM| GLYC | LI 536 | 73
19 |DeGoey et al, 1971 2064 |Pig (Sus scrofa) 2| U |FD| 98 | d | NR |mo|JV|NR|CHM| HMGL | BL 746 | 71
20 |Gipp et al, 1973 14396 |Pig (Sus scrofa) 2| U |FD| 12 | w| NR |NR|JV| F [CHM| HMGL | BL 7.66 | 70
21 |Myres and Bowland, 1973 12809 |Pig (Sus scrofa ) 2( U |FD| 10 |w| 70 d [JV| B |CHM| FFTA | LD 7.84 | 71
22 |Ritchie et al, 1963 14402 |Pig (Sus scrofa ) 2( U |FD| 15 | w 7 w | JV|NR | CHM [ HMGL | WO 8.08 70
23 |Onifade and Abu, 1998 2237 |Rabbit (Oryctolagus cuniculus ) 4 U |FD| 70 | d 7 w | JV|NR|CHM| TWBC | BL 9.47 70
24 |Gipp et al, 1974 14397 |Pig (Sus scrofa ) 2 U |FD| 35 | d 3 w |JV| B |CHM| HMGL | BL 9.93 71
25 |Radecki et al, 1992 2255 |Pig (Sus scrofa) 2(U |FD| 14 | d| 21 d [JV| B | ENZ| G6PD | GT 120 | 70
26 [DeGoey et al, 1971 2064 |Pig (Sus scrofa) 2| U|FD| 23 [ d| NR |mo|[JV|NR|CHM| HMGL | BL 15.5 70
27 |Rana and Kumar, 1980 2256 |Rat (Rattus norvegicus ) 21 U |[GV| 20 [d| 90 d |JV|M|CHM| RBCE | BL 39.8 77
28 |Kumar et al, 1987 2186 |Rat (Rattus norvegicus ) 2|1 U |GV| 45 [d| 90 d |JV|M|CHM| PRTL | KI 39.8 77
29 [Gautam et al, 2001 36346 |Rat (Rattus norvegicus ) 2| U |FD| 2 w | NR [NR|JV[NR|[CHM| CALC | LI 39.8 74
30 |DeVries et al, 1986 10891 |Rat (Rattus norvegicus ) 2| U |[DR| Il |[mo| 3 w [JV| F |HRM| GHRM | BR 45.8 66
31 |Aburto et al, 2001 25964 |Rat (Rattus norvegicus ) 2| U|[FD| 6 |mof 10 w [JV| M |CHM| GCHM | LI 48.7 70
32 |Pribyl et al, 1980 23825 |Rat (Rattus norvegicus ) 2 U |FD| 4 d | NR [NR|JV| M| ENZ|[ GENZ | SR 63.5 70
33 |Rana and Verma, 1997 36247 |Rat (Rattus norvegicus ) 2| U |FD| 30 | d | NR |NR|JV|M [CHM| GLTH | LI 75.0 | 79
34 |Tatum et al, 2000 36389 |Rat (Rattus norvegicus ) 2| U|FD| 6 |w| NR |[NR|JV| F [ENZ| GENZ | PL 75.7 70
35 |Rana et al, 1985 13236 |Rat (Rattus norvegicus ) 21 U |GV|] 30 | d| 90 d |JV|M|CHM| GLYC | LI 100 77
36 |Fuentealba et al, 2000 36364 |Rat (Rattus norvegicus ) 2| U |FD| 12 | w| 21 d |JV| B | ENZ| AATT | LI 122 69
37 |Fuentealba et al, 2000 36364 |Rat (Rattus norvegicus ) 2| U |FD| 18 | w| NR |[NR|GE| F [ ENZ| AATT | LI 132 69
38 |Fuentealba et al, 1993 2097 [Rat (Rattus norvegicus) 2| U |FD| 1 w | NR [mo|JV|M|CHM| GBCM | LI 135 69
39 |Hebert et al, 1993 2127 |Rat (Rattus norvegicus) 4 U |FD| 92 | d 6 w [JV| M| ENZ| AATT | BL 146 69
40 [Haywood and Comerford, 1980 | 2123 [Rat (Rattus norvegicus) 2| U |FD| 1 w | NR [mo|JV| M| ENZ| AATT | BL 178 69
41 [Zhang et al, 2000 36355 |Rat (Rattus norvegicus ) 21 U |GV| 8 w 8 w [JV]| B | ENZ| GENZ | SR 357 79
42 |Pettersen, et al, 2002 36374 [Mouse (Mus musculus ) 3| U |FD| 3 w 4 w |JV| B |CHM| NACO | HE 494 70
43 |Gooneratne and Howell, 1980 | 36200 |Sheep (Ovis aries) 2| U|DR| 66 [d ]| 9-12 [mo|[JV| M| ENZ| GLPX | LI 1820 | 69
44 [Sansinanea et al, 1996 36234 |Sheep (Ovis aries) 2|1 U|OR| 14 |w 12 |mo|JV| F |CHM| GLUC | SR 7140 77
Behavior (BEH)

45 [Miranda et al, 1981 36240 |Rat (Rattus norvegicus ) 2| M|FD| 5 |w| NR |[NR|JV| M| FDB| FCNS |WO| 3.60 75
46 |Anugwa et al, 1984 2010 |Rabbit (Oryctolagus cuniculus ) 3|M|FD| 8 |w 8 w |JV| B | FDB | FCNS [WO| 3.64 6.67 85
47 [Bassuny, 1991 2020 |Rabbit (Oryctolagus cuniculus ) 5| U|FD| 7 [w]| 35 d |JV|[ M| FDB| FCNS [WO| 4.25 74
48 [Ward, et al, 1991 1888 |Pig (Sus scrofa) 2| M |FD| 144 | d | 31 d [JV| B | FDB | FDNG |WO| 4.37 70
49 |Allcroft et al, 1961 14387 |Pig (Sus scrofa) 4 M|FD[ 4 |w|3810 | w|JV| B |FDB| FCNS [WO| 5.60 934 | 84
50 |Gershbein et alm 1983 136 |Rat (Rattus norvegicus ) 2| U |FD| 80 | d 44 d |JV| M| BEH [NMVM|[WO| 5.89 66
51 |Thacker, 1991 2304 |Pig (Sus scrofa) 2 U |FD| 35 | d|[ NR [NR|LC| F | FDB| FCNS [WO| 6.69 74
52 |Apgar et al, 1995 25922 |Pig (Sus scrofa) 4 M|FD| 5 |w| 31 d [JV| B | FDB| FCNS |WO| 6.90 70
53 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 2| M |FD| 28 | d| 29 d [JV| B | FDB| FCNS |WO| 7.37 70
54 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 2| M |FD| 28 | d| 29 d [JV| B | FDB| FCNS |WO| 7.37 70
55 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 2| M |FD| 28 | d| 30 d [JV| B | FDB| FCNS |WO| 8.21 70
56 |Allcroft et al, 1961 14387 |Pig (Sus scrofa) 4 M|FD| 19 | w| 810 | w |JV| B | FDB| FCNS [WO| 8.43 69
57 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 3| M |FD| 28 | d| 29 d [JV| B | FDB| FCNS |WO| 8.50 70
58 |Cromwell et al 1989 2061 |Pig (Sus scrofa) 5/ U |FD| 33 | d| 28 d [JV| B | FDB| FCNS |WO| 8.67 13.0 | 80
59 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 4 M|FD| 28 | d| 30 d [JV| B | FDB| FCNS |WO| 8.68 70
60 |Cromwell et al 1989 2061 |Pig (Sus scrofa) 4 U |FD| 28 | d| 28 d [JV| B | FDB| FCNS |WO| 10.0 19.9 80
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Table 6.1 Mammalian Toxicity Data Extracted for Wildlife Toxicity Reference Value (TRV)
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61 |Edmonds and Baker, 1986 2075 |Pig (Sus scrofa) 3| U|FD| 28 [ d 4 w [JV|NR| FDB | FCNS |WO| 10.3 26.9 80
62 |Apgar and Kornegay, 1996 25928 |Pig (Sus scrofa) 2| M |FD| 14 | d | NR |[NR|JV| M [ FDB [ FCNS |WO| 16.5 73
63 |Hebert, 1993 2126 |Rat (Rattus norvegicus ) 6| U |DR| 15 | d 6 w [JV| B | FDB | WCON |WO| 17.2 517 | 75
64 |Grobner et al, 1986 2113 [Rabbit (Oryctolagus cuniculus ) 6| M |FD| 28 | d| 28 d | JV[NR| FDB | FCNS [WO| 27.7 457 | 85
65 |Bush et al., 1995 2043 [Mink (Mustela vision ) 3| M|FD| 132 | d| 10 | w|JV| B |FDB| FCNS |WO| 334 69
66 |Hebert, 1993 2126 |Mouse (Mus musculus) 6| U |DR| 15 | d 6 w [JV| B | FDB | WCON | WO| 33.8 101 75
67 |Hebert, 1993 2126 |Rat (Rattus norvegicus ) 6| U |FD| 13 |w 6 w [JV| B | FDB| FCNS |WO| 49.7 99.4 | 80
68 |Grobner et al, 1986 2113 [Rabbit (Oryctolagus cuniculus ) 6| M |FD| 28 | d| 28 d | JV[NR| FDB | FCNS [WO| 59.0 70
69 |Hebert, 1993 2126 |Rat (Rattus norvegicus ) 6| U |FD| 7 d 6 w [JV| B | FDB| FCNS |WO| 179 359 80
70 |Hebert et al, 1993 2127 |Rat (Rattus norvegicus ) 51 U |DR| 2 w 6 w [JV| M | FDB | WCON | WO| 259 400 74
71 |Hebert et al, 1993 2127 [Mouse (Mus musculus ) 5| U |DR| 2 |w 6 w [JV| M | FDB | WCON | WO| 589 1365 | 74
72 |Hebert et al, 1993 2127 |Rat (Rattus norvegicus) 6| U |FD| 15 | d 6 w [JV| M| FDB| FCNS |WO| 2050 3360 | 79
73 |Hebert et al, 1993 2127 [Mouse (Mus musculus ) 6| U |FD| 15 | d 6 w [JV| B | FDB| FCNS |WO| 12500 | 18700 | 79
74 |Ortolani et al, 2003 36759 |Sheep (Ovis aries) 2| U |DR| 14 | d 6 |[mo|[JV| M| FDB| FCNS |WO 3.00 | 72
75 |Freundt and Ibrahim, 1990 2640 [Rat (Rattus norvegicus) 2| U |DR| 91 | d| NR |[NR|JV| F | FDB [ WCON | WO 578 | 68
76 |DeGoey et al, 1971 2064 |Pig (Sus scrofa) 2| U |FD| 98 | d | NR |[NR|JV|NR|FDB | FCNS |WO 7.46 | 74
77 |Onifade and Abu, 1998 2237 [Rabbit (Oryctolagus cuniculus ) 4 U |FD| 70 | d 7 w [JV|NR| FDB| FCNS |WO 947 | 73
78 |Boyden, 1938 14653 |Rat (Rattus norvegicus ) 5| U |FD| 4 |w]| 28 d |JV| B | FDB| FCNS [WO 23.5 73
79 |Komulainen, 1983 12079 |Rat (Rattus norvegicus ) 4 U|DR[ 3 |w 4 JV| M | FDB | WCON | WO 28.0 | 72
Physiology (PHY)
80 |Bailey et al, 2001 25941 |Cattle (Bos taurus ) 3| M |FD| 112 | d | NR |NR|JV|NR|PHY | FDCV |WO| 1.33 69
81 |Arthur, 1965 2012 |Guinea pig (Cavia porcellus ) 3| U|FD| 8 [w]| NR [NR|JV| B |[PHY | GPHY | HA| 1.48 73
82 |Omole et al, 1976 43456 |Pig (Sus scrofa) 3|1 U |FD| 127 | d | NR |NR|NR| B [ PHY [ FDCV |WO| 2.77 4.43 76
83 |Solaiman et al, 2001 36748 |Goat (Capra hircus ) 31U |GV| 9 w| 7-8 |[mo|JV| F [ PHY | FDCV [WO| 3.14 69
84 |Anugwa et al, 1984 2010 |Rabbit (Oryctolagus cuniculus ) 3|M|FD| 8 |w 8 w |JV| B | PHY | DIFD [WO| 3.64 6.67 85
85 |Ward et al, 1991 1888 |Pig (Sus scrofa) 2| M |FD| 144 | d | 31 d |JV| B |PHY | FDCV [WO| 4.37 70
86 |Apgar et al, 1995 25922 |Pig (Sus scrofa) 4 M|FD| 5 |w| 31 d |JV| B |PHY | FDCV [WO| 6.90 70
87 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 2| M |FD| 28 | d| 29 d |JV| B |PHY | FDCV [WO| 7.37 70
88 |Kline et al, 1971 20975 |Pig (Sus scrofa) 4 M|FD| 8 | d| 69 d | JV[NR| PHY | FDCV [WO| 7.63 69
89 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 2| M |FD| 28 | d| 30 d |JV| B |PHY | FDCV [WO| 8.21 70
90 |Braude and Ryder, 1973 2034 |Pig (Sus scrofa) 4 M|FD| 112 | d 9 w [JV|NR| PHY | FDCV |WO| 8.29 69
91 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 3| M |FD| 28 | d| 29 d |JV| B |PHY | FDCV [WO| 8.50 70
92 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 4 M |FD| 28 | d| 30 d |JV| B |PHY | FDCV [WO| 8.68 70
93 |Cromwell et al, 1989 2061 |Pig (Sus scrofa) 4 U |FD| 28 | d| 28 d |JV| B |PHY | FDCV [WO| 8.89 17.8 | 80
94 |Grobner et al, 1986 2113 [Rabbit (Oryctolagus cuniculus ) 6| M |FD| 28 | d| 28 d | JV[NR| PHY | FDCV [WO| 9.45 23.6 | 85
95 |Edmonds and Baker, 1986 2075 |Pig (Sus scrofa) 31U |FD| 28 | d 4 w [JV|NR| PHY | FDCV |WO| 10.3 269 | 80
96 |Grobner et al, 1986 2113 [Rabbit (Oryctolagus cuniculus ) 6| M |FD| 28 | d| 28 d | JV[NR| PHY | FDCV [WO| 33.6 59.0 | 85
97 |Keen et al, 1982 11928 |Rat (Rattus norvegicus ) 4 U|FD| 7 |w| NR |NR|JV| F |PHY | GPHY [ PL| 189 66
98 |Bassuny, 1991 2020 |Rabbit (Oryctolagus cuniculus ) S5{U|FD| 7 |w]| 35 d [JV|M|PHY | FDCV |WO 0.758 | 74
99 |Cromwell et al, 1989 2061 |Pig (Sus scrofa) 5| U |FD| 33 | d| 28 d |JV| B | PHY | FDCV [WO 4.10 | 74
100 |Cromwell et al, 1989 2061 |Pig (Sus scrofa) 31U |FD| 28 | d| 28 d |JV| B | PHY | FDCV [WO 489 | 74
101 |DeGoey et al, 1971 2064 |Pig (Sus scrofa) 2| U |FD| 23 | d | NR |mo|JV|NR|PHY | IRRI | SK 15.5 73
102 |Rana and Kumar, 1980 2256 |Rat (Rattus norvegicus ) 21 U|GV|] 20 | d 90 d |JV[M|PHY| IRRI | FO 39.8 80
Pathology (PTH)
103 |Uthus, 2001 36349 |Rat (Rattus norvegicus ) 2|1 U |FD| 62 | d| NR |[NR|JV| M [ORW| ORWT | KI [ 2.07 73
104 |Miranda et al, 1981 36240 |Rat (Rattus norvegicus ) 2| M|FD| 5 |w| NR |[NR|JV|M[ORW| SMIX | LI | 3.60 79
105 |Humann-Ziehank et al, 2001 36762 |Sheep (Ovis aries) 2| U|FD| 84 | d 1 yr |[AD| M | ITX | GITX |WO| 3.70 70
106 |Ward et al, 1991 1888 |Pig (Sus scrofa) 2| M |FD| 144 | d | 31 d |JV| B | HIS | GHIS [ GT| 4.37 70
107 |Adam et al, 1977 3752 |Goat (Capra hircus) 41U |GV| 144 | d 12 |mo|AD| B | HIS | GHIS | LI | 5.36 10.7 | 82
108 |Hebert, 1993 2126 |Mouse (Mus musculus) 6| U |DR| 15 | d 6 w [JV]| F |ORW| ORWT | TS| 5.53 184 | 73
109 |Hebert, 1993 2126 |Rat (Rattus norvegicus ) 6| U |FD| 13 |w 6 w [JV]| F | HIS| GLSN | KI | 6.01 12.0 | 80
110 | Thacker, 1991 2304 |Pig (Sus scrofa) 2| U |FD| 7 d| NR |NR|GE| F | GRS | BDWT [WO| 6.51 72
111 |Anugwa et al, 1984 2010 |Rabbit (Oryctolagus cuniculus ) 3|M|FD| 8 |w 8 w |JV| B |ORW| SMIX | LI | 6.67 70
112 |Ritchie et al, 1963 14402 |Pig (Sus scrofa) 2| U |FD| 15 | w 7 w [ JV|NR|ORW| ORWT | LI | 8.08 69
113 |Onifade and Abu, 1998 2237 [Rabbit (Oryctolagus cuniculus ) 4 U |FD| 70 | d 7 w [JV|NR|ORW| SMIX | BR| 9.47 189 | 79
114 |Howell et al, 1991 36230 |Sheep (Ovis aries) 21 U |GV|] 19 |w]| 69 |mo|JV|M| HIS | CTYP | LI | 143 73
115 |Prince et al, 1979 2253 |Pig (Sus scrofa) 2| U |FD| 63 | d| 53 d |JVINR| ITX | GITX [WO| 16.5 73
116 |Hebert, 1993 2126 |[Rat (Rattus norvegicus) 6| U |DR| 15 | d 6 w [JV]| B | ITX | GITX |WO| 17.2 51.6 | 75
117 |Bush et al, 1995 2043 [Mink (Mustela vision ) 3| M|FD| 132 | d| 10 | w|JV| B[ HIS[NCRO| LI | 334 78
118 |[Kumar et al, 1987 2186 |[Rat (Rattus norvegicus) 21 U |GV| 45 | d| 90 d |JV|[M|ORW| ORWT [ KI [ 39.8 76
119 |Hebert, 1993 2126 |[Rat (Rattus norvegicus) 6| U |FD| 15 | d 6 w [JV]| B |ORW| ORWT | LI | 409 81.8 | 80
120 |DeVries et al, 1986 10891 |Rat (Rattus norvegicus ) 2| U |DR| 11 |mo| 3 w [JV]| F |ORW| ORWT | LI | 458 69
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121 |Hebert et al, 1993 2127 |Rat (Rattus norvegicus ) 5|1 U |FD| 92 | d 6 w [JV| M| HIS | HYPL | SH| 70.4 142 79
122 [Hebert, 1993 2126 |Mouse (Mus musculus ) 6 U |FD| 13 |w 6 w |JV| B |ORW| ORWT | LI | 82.8 166 80
123 |Keen et al, 1982 11928 |Rat (Rattus norvegicus ) 4 U |FD| 7 w| NR [NR|[JV| F [ HIS | GHIS | MT| 91.7 183 79
124 [Hebert, 1993 2126 |Mouse (Mus musculus) 6 U |FD| 15 | d 6 w |JV| M |ORW|[ORWT | LI | 97.2 194 80
125 |Hebert et al, 1993 2127 |Rat (Rattus norvegicus ) 6| U|FD| 15 | d 6 w [JV| B | HIS | HYPL | SH| 197 385 79
126 |Dodds-Smith et al, 1992 2069 |Common shrew (Sorex araneus) 2| U|FD| 12 | w| NR [NR|JV| B [ORW| ORWT | KI [ 251 69
127 |Hebert et al, 1993 2127 |Rat (Rattus norvegicus ) 51 U |DR| 2 w 6 w [JV]| B | ITX | GITX |WO[ 259 400 74
128 [Haywood, 1985 2121 |Rat (Rattus norvegicus ) 5/ U |FD| 1 w| NR |[NR|JV| M| HIS | NCRO | LI | 274 365 73
129 [Hebert et al, 1993 2127 |Mouse (Mus musculus ) 5( U |DR| 2 w 6 w |JV]| B | ITX | GITX |WO| 1430 3400 74
130 [Hebert et al, 1993 2127 |Mouse (Mus musculus ) 51 U |FD| 92 d 6 w |JV]| B | ITX | GITX |WO]| 48300 73
131 |Grobner et al, 1986 2113 [Rabbit (Oryctolagus cuniculus ) 6 M|FD| 28 | d| 28 d [JV[NR|ORW| ORWT | DT 3.40 79
132 [Howell et al, 1974 2148 [Sheep (Ovis aries) 30U |GV| 37 | w| 6-12 [mo|JV]| B | HIS [ GHIS | BR 5.09 80
133 [Gopinath et al, 1974 36202 |Sheep (Ovis aries) 2 U |DR| 10 | w 6 |mo|JV| F | HIS| GHIS | KI 5.09 72
134 |King, 1975 2179 |Rabbit (Oryctolagus cuniculus ) 2({ U |FD| 6 |w 5 w |JV| B |[ORW| SMIX | IN 543 72
135 [Ishmael et al, 1971 2155 [Sheep (Ovis aries) 2 U |OR| 88 | d 6 |mo|[JV|F [ORW| SMIX | LI 7.57 70
136 |King, 1975 2179 |Rabbit (Oryctolagus cuniculus ) 2 U |FD| 6 |w 5 w |JV| B |[ORW| SMIX | IN 10.9 72
137 [Radecki et al, 1992 2255 |Pig (Sus scrofa) 2(U |FD| 14 | d| 21 d [JvV| B | HIS| GHIS | GT 12.0 73
138 [DeGoey et al, 1971 2064 |Pig (Sus scrofa) 2 U |FD| 23 | d | NR [mo|JV|NR| HIS [ NCRO | LI 15.5 73
139 |Boyden, 1938 14653 |Rat (Rattus norvegicus ) 5({U |FD| 4 |w/| 28 d [JV| B [ORW| ORWT | SP 23.5 73
140 [Rana and Kumar, 1980 2256 |Rat (Rattus norvegicus) 21U |GV| 20 | d| 90 d [JV| M| HIS | NCRO | LI 39.8 80
141 |Rana and Kumar, 1985 2257 |Rat (Rattus norvegicus ) 21 U |GV|] 20 | d 90 d |AD| M | HIS [ GHIS | LI 39.8 80
142 |Aburto et al, 2001 25964 |Rat (Rattus norvegicus ) 2|1 U |[FD| 12 |mof| 10 w [JV| M| HIS | GHIS | LI 48.7 73
143 [Chesta et al, 1989 2047 |Guinea pig (Cavia porcellus) 2| U|DR| 45 [ d| NR [NR|GE| F | HIS | GHIS | LI 73.7 67
144 |Rana et al, 1985 13236 |Rat (Rattus norvegicus ) 21 U|GV| 30 | d 90 d |JV|[M]|ORW| SMIX [ LI 100 80
145 |Fuentealba et al, 2000 36364 |Rat (Rattus norvegicus ) 2|1 U |FD| 12 | w| 21 d |JV| B | HIS [ NCRO | LI 122 72
146 |Fuentealba et al, 2000 36364 |Rat (Rattus norvegicus ) 2|1 U |FD| 18 | w| NR [NR|GE| F [ HIS | NCRO | LI 132 72
147 [Fuentealba et al, 1989 2095 |Rat (Rattus norvegicus ) 2| U |[FD| 4 w 6 w [JV| M| HIS | USTR | LI 135 66
148 [Fuentealba et al, 1989 2096 |Rat (Rattus norvegicus ) 2| U |FD| 16 | w| NR [mo|JV| M | HIS | HYPL | BI 135 66
149 [Fuentealba et al, 1993 2097 |Rat (Rattus norvegicus ) 2|1 U |FD| 10 | w| NR [mo|JV|M | HIS | HYPL | BI 135 72
150 [Fuentealba et al, 1989 2098 |Rat (Rattus norvegicus ) 2| U |FD| 3 w 6 w [JV| M| HIS | GHIS | KI 135 66
151 |Fuentealba and Haywood, 1988 | 2094 |Rat (Rattus norvegicus ) 2 U |FD| 1 w 6 w |JV| M| HIS [ GHIS | LI 135 66
152 [Haywood, 1980 2122 |Rat (Rattus norvegicus) 2 U |FD| 15 | w| NR [mo|JV| M | HIS [ HYPL | BI 157 72
153 [Haywood et al, 1985 2125 |Rat (Rattus norvegicus) 2 U |FD| 5 |w| NR [mo|AD| M | HIS [ NCRO | KI 233 66
154 |Haywood and Loughran, 1985 | 2124 |Rat (Rattus norvegicus ) S5{U|FD| 6 |w| NR [mo|JV| M| HIS [ NCRO | LI 285 73
155 |Gooneratne and Howell, 1980 | 36200 |Sheep (Ovis aries) 2( U |DR| 63 | d| 69 [mo|JV| M| HIS | GHIS [MU 1817 | 72

Reproduction (REP
156 [Aulerich et al, 1982 2013 [Mink (Mustela vision ) 51U |FD| 357 | d| NR [mo|JV]| F | REP | PROG [WO| 3.40 6.79 85
157 [Thacker, 1991 2304 |Pig (Sus scrofa) 2 U |FD| 7 d [ NR [NR|GE| F | REP | PROG [WO| 6.51 79
158 [Webster, 1979 823 [Mouse (Mus musculus ) 4|1 U |FD| 19 | d 4 |mo|GE| F | REP [ PRWT [WO| 50.7 79
159 [Lecyk, 1980 2193 [Mouse (Mus musculus ) 71 U |FD| 49 | d [ NR [NR|GE| B | REP | PROG [WO| 90.9 136 84
160 [Lecyk, 1980 2193 [Mouse (Mus musculus ) 71 U |FD| 49 | d [ NR [NR|GE| B | REP | PROG [WO| 90.9 136 84
161 |Hebert, 1993 2126 |Rat (Rattus norvegicus ) 6| U|FD| 13 | w 6 w [JV| M| REP| SPCL | SM| 107 80
162 |Hebert et al, 1993 2127 |Rat (Rattus norvegicus ) 4 U |FD| 92 | d 6 w [JV| M| REP| SPCL | SM| 304 70
163 [Hebert, 1993 2126 |Mouse (Mus musculus ) 6| U|FD| 13 | w 6 w |JV| M| REP | SPCL | SM| 358 76
164 [Hebert et al, 1993 2127 |Mouse (Mus musculus ) 41 U |FD| 92 d 6 w |JV| M| REP [ SPCL | SM| 48300 70
165 |Cromwell et al, 1993 2062 |Pig (Sus scrofa) 2| U |[FD| 783 | d 10 [mo|GE| F [ REP | RSUC |WO 5.51 80
166 |Bataineh et al, 1998 1717 |Rat (Rattus norvegicus ) 2 U |DR| 12 [ w]| NR |[NR|AD| M | REP | TEWT | TE 41.2 67
Growth (GRO)

167 |[Engle and Spears, 2001 25940 [Cattle (Bos taurus ) 2| U|FD| 239 | d| NR [NR|JV|M [ GRO| BDWT | WO| 0.812 69
168 |Engle et al, 2000 25935 |Cattle (Bos taurus ) 2| U |FD| 154 | d [ NR [NR|JV| M | GRO| BDWT [WO| 0.852 69
169 [Bailey et al, 2001 25941 |Cattle (Bos taurus ) 3[M|FD| 112 | d [ NR [NR|JV|NR|GRO|BDWT [WO| 1.33 73
170 | Arthur, 1965 2012 |Guinea pig (Cavia porcellus ) 3| U|FD| 8 [w]| NR [NR|[JV| B [GRO| BDWT |WO| 1.48 70
171 [Uthus, 2001 36349 |Rat (Rattus norvegicus ) 2 U |FD| 62 | d | NR [NR|JV| M | GRO| BDWT [WO| 2.07 77
172 [Miranda et al, 1981 36240 |Rat (Rattus norvegicus ) 2(M|FD| 5 |w| NR [NR|JV| M |GRO|BDWT [WO| 3.60 81
173 |Bassuny, 1991 2020 |Rabbit (Oryctolagus cuniculus ) S5{U|FD| 7 |w]| 35 d [JV| M| GRO| BDWT |WO| 4.25 78
174 |Ward et al, 1991 1888 |Pig (Sus scrofa) 2 (M |FD| 144 | d [ 31 d [JV| B | GRO| BDWT |WO| 4.37 74
175 |King, 1975 2179 |Rabbit (Oryctolagus cuniculus ) 2( U |FD| 8 |w 5 w |JV| B | GRO| BDWT [WO| 5.43 76
176 [Cromwell et al, 1993 2062 |Pig (Sus scrofa) 2 U |FD| 783 | d | 10.3 [mo|GE| F | GRO| BDWT [WO| 5.51 69
177 |Allcroft et al, 1961 14387 |Pig (Sus scrofa) 4| M|FD| 4 [w]| 810 | w [JV| B | GRO| BDWT |WO| 5.60 9.34 88
178 |Gershbein et al, 1983 136 |Rat (Rattus norvegicus ) 2 U |FD| 80 | d | 44 d [JV| M| GRO| BDWT |WO| 5.89 68
179 |Anugwa et al, 1984 2010 |Rabbit (Oryctolagus cuniculus) 3|M|FD| 8 |w 8 w |JV| B | GRO| BDWT [WO| 6.67 74
180 [Apgar et al, 1995 25922 |Pig (Sus scrofa) 4| M|FD| 5 [w]| 31 d [JV| B | GRO| BDWT |WO| 6.90 74
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181 [Cromwell et al, 1998 25930 |Pig (Sus scrofa) 4| U |FD| 28 [ d|26-32| d [JV| B | GRO| BDWT |WO| 7.19 69
182 [Omole, 1977 12977 |Rabbit (Oryctolagus cuniculus ) 4| U |FD| 8 |w 6 w [JV| B | GRO| BDWT |WO| 7.34 69
183 [Cromwell et al, 1998 25930 |Pig (Sus scrofa) 2 U |FD| 28 | d [26-32| d |JV| B | GRO| BDWT [WO| 7.36 69
184 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 2(M|FD| 28 | d| 29 d [JV| B | GRO| BDWT |WO| 7.37 74
185 |Kline et al, 1971 20975 |Pig (Sus scrofa) 4| M|FD| 8 |[d| 69 d [JV[NR| GRO| BDWT |WO| 7.63 73
186 |Gipp et al, 1973 14396 |Pig (Sus scrofa ) 2 U |FD| 12 | w| NR [NR|JV| F | GRO| BDWT [WO| 7.66 68
187 [Cromwell et al, 1989 2061 |Pig (Sus scrofa) 30U |FD| 28 | d| 28 d [JV| B | GRO| BDWT |WO| 7.68 69
188 [Luo and Dove, 1996 25929 |Pig (Sus scrofa) 2 U |FD| 15 | d| 26 d [JV| M| GRO| BDWT |WO| 7.72 69
189 [Myres and Bowland, 1973 12809 |Pig (Sus scrofa ) 2( U |FD| 10 |w| 70 d [JV| B | GRO| BDWT |WO| 7.84 69
190 [Ritchie et al, 1963 14402 |Pig (Sus scrofa ) 2( U |FD| 15 | w 7 w | JV|NR | GRO [ BDWT [WO| 8.08 68
191 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 2(M|FD| 28 | d| 30 d [JV| B | GRO| BDWT |WO| 8.21 74
192 |Braude and Ryder, 1973 2034 [Pig (Sus scrofa) 4| M |FD| 112 | d 9 w | JV|NR | GRO [ BDWT [WO| 8.29 73
193 | Allcroft et al, 1961 14387 |Pig (Sus scrofa) 4| M|FD| 19 [w]| 810 | w [JV| B | GRO| BDWT |WO| 843 73
194 |Prince et al 1979 2253 |Pig (Sus scrofa) 2( U |FD| 59 | d| 64 d [JV[NR| GRO| BDWT |WO| 8.44 68
195 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 3(M|FD| 28 | d| 29 d [JV| B | GRO| BDWT |WO| 8.50 74
196 |Cromwell et al, 1998 25930 |Pig (Sus scrofa) 4| M|FD| 28 [ d| 30 d [JV| B | GRO| BDWT |WO| 8.68 74
197 |Cromwell et al 1989 2061 |Pig (Sus scrofa) 3(U |FD| 28 | d| 28 d [JV| B | GRO| BDWT |WO| 9.60 69
198 |Gipp et al, 1974 14397 |Pig (Sus scrofa) 2 U |FD| 35 | d 3 w |JV| B | GRO | BDWT [WO| 9.93 69
199 |Brandt, 1983 2033 [Mink (Mustela vision ) 3| M |FD| 4 |mo| 90 d [JV| M| GRO| BDWT |WO| 10.2 19.6 | 88
200 |Edmonds and Baker, 1986 2075 |Pig (Sus scrofa) 30U |FD| 28 | d 4 w | JV|NR | GRO [ BDWT [WO| 10.3 26.9 84
201 [Radecki et al, 1992 2255 |Pig (Sus scrofa) 2(U |FD| 14 | d| 21 d [JV| B | GRO| BDWT |WO| 12.0 68
202 [Aulerich et al, 1982 2013 |Mink (Mustela vision) 5/ U |FD| 20 | w| NR [mo|JV| B | GRO| BDWT [WO| 12.4 68
203 |Felsman et al, 1973 3760 |Cattle (Bos taurus) 4 U |FD| 98 | d 6 w |JV| M | GRO| BDWT | WO| 12.7 68
204 [Smith et al, 1975 3756 |Horse - Shetland pony (Equus caballus)) 4 | M |FD| 84 | d [ NR [NR|JV|NR|GRO | BDWT [WO| 13.8 74
205 [Suttle and Mills, 1966 3757 |Pig (Sus scrofa) 3 U |FD| 14 | d| NR [NR|JV| F | GRO| BDWT [WO| 16.2 27.6 | 84
206 [Cromwell et al, 1989 2061 |Pig (Sus scrofa) 5(U |FD| 33 | d| 28 d [JV| B | GRO| BDWT |WO| 164 69
207 |Apgar and Kornegay, 1996 25928 |Pig (Sus scrofa) 2 M|FD| 14 | d [ NR [NR|JV| M | GRO| BDWT [WO| 16.5 77
208 [Cromwell et al, 1989 2061 |Pig (Sus scrofa) 4| U |FD| 28 [d| 28 d [JV| B | GRO| BDWT |WO| 16.7 69
209 [Hebert, 1993 2126 |Rat (Rattus norvegicus ) 6 U |DR| 15 | d 6 w |JV| B | GRO| BDWT [WO| 17.2 516 | 79
210 [Lalich et al, 1965 2189 |Rat (Rattus norvegicus ) 2| U|FD| 42 [ d| NR [NR|[JV| M [ GRO| BDWT |WO| 17.5 68
211 [Cromwell et al, 1989 2061 |Pig (Sus scrofa) 4| U |FD| 28 [d| 28 d [JV| B | GRO| BDWT |WO| 17.8 69
212 |Felsman et al, 1973 3760 |Cattle (Bos taurus) 4 U |FD| 98 | d 6 w |JV| M| GRO| BDWT | WO| 22.9 68
213 |Grobner et al, 1986 2113 [Rabbit (Oryctolagus cuniculus ) 6| M |FD| 28 | d| 28 d [JV[NR| GRO| BDWT |WO| 27.7 45.7 89
214 |Onifade and Abu, 1998 2237 [Rabbit (Oryctolagus cuniculus ) 4 U |FD| 70 | d 7 w | JV|NR | GRO [ BDWT [WO| 28.4 77
215 |Bush et al, 1995 2043 [Mink (Mustela vision ) 3| M |FD| 132 | d 10 | w [JV| B | GRO| BDWT |WO| 334 82
216 |Hebert, 1993 2126 [Mouse (Mus musculus ) 6| U |DR| 8 d 6 w |JV| B | GRO| BDWT [WO| 33.8 101 78
217 |King, 1975 2179 |Rabbit (Oryctolagus cuniculus) 2({ U |FD| 6 |w 5 w |JV| B | GRO| BDWT [WO| 37.1 67
218 |White et al, 1985 2324 [Rat (Rattus norvegicus) 2| U |FD| 50 | d| 21 d [JV| M| GRO| BDWT |WO| 43.1 68
219 |DeVries et al, 1986 10891 |Rat (Rattus norvegicus ) 2 U |DR| 11 |mo| 3 w |JV| F | GRO| BDWT [WO| 45.8 73
220 |Hebert, 1993 2126 |[Rat (Rattus norvegicus) 6| U |FD| 13 | w 6 w |JV| B | GRO| BDWT [WO| 49.8 99.6 | 84
221 |Komulainen, 1983 12079 |Rat (Rattus norvegicus ) 4 U |DR| 1 w 4 w [JV| M| GRO| BDWT | WO| 50.0 64.0 82
222 |Grobner et al, 1986 2113 [Rabbit (Oryctolagus cuniculus ) 6| M |FD| 28 | d| 28 d [JV[NR| GRO| BDWT |WO| 59.0 74
223 |Myers et al, 1993 2225 |Rat (Rattus norvegicus ) 2| U |DR| 6 w| NR |mo|JV| M| GRO| BDWT |WO| 73.4 67
224 [Tatum et al, 2000 36389 |Rat (Rattus norvegicus ) 2| U|FD| 6 [w]| NR [NR|[JV]| F [GRO| BDWT |WO| 75.7 68
225 [Hebert, 1993 2126 |Rat (Rattus norvegicus ) 6 U |FD| 15 | d 6 w |JV| B | GRO | BDWT [WO| 82.5 165 84
226 |Keen et al, 1982 11928 |Rat (Rattus norvegicus ) 4 U |FD| 7 w| NR |NR|JV| F | GRO| BDWT |WO| 91.7 183 83
227 |Hebert et al, 1993 2127 |Rat (Rattus norvegicus ) 6| U|FD| 92 | d 6 w [JV| M| GRO| BDWT | WO| 146 293 83
228 [Hebert, 1993 2126 |Mouse (Mus musculus ) 6 U |FD| 13 |w 6 w |JV| B [ GRO | BDWT |WO| 179 358 84
229 |Dodds-Smith et al, 1992 440 |Common shrew (Sorex araneus ) 2| U|FD| 12 | w| NR [NR|JV| B [ GRO| BDWT |WO| 229 77
230 |Hebert et al, 1993 2127 |Rat (Rattus norvegicus ) 5|1 U |DR| 2 w 6 w [JV| M| GRO| BDWT | WO| 259 400 78
231 |Pettersen et al, 2002 36374 |Mouse (Mus musculus ) 3(U|FD| 3 |w 4 w |JV| B | GRO | BDWT | WO| 494 988 83
232 |Hebert, 1993 2126 [Mouse (Mus musculus ) 6| U |FD| 15 | d 6 w |JV| B [ GRO [ BDWT | WO| 690 69
233 |Hebert et al, 1993 2127 |[Rat (Rattus norvegicus) 6| U |FD| 15 | d 6 w |JV| M [ GRO [ BDWT | WO| 812 1740 | 83
234 |Hebert et al, 1993 2127 [Mouse (Mus musculus ) S5{U|DR| 2 |w 6 w |JV| M | GRO | BDWT [WO| 1430 3400 | 78
235 |Hebert et al, 1993 2127 [Mouse (Mus musculus ) 6 U |FD| 92 | d 6 w |JV| M | GRO | BDWT [WO| 2110 4670 | 83
236 |Hebert et al, 1993 2127 [Mouse (Mus musculus ) 6 U |FD| 15 | d 6 w |JV| F | GRO|[ BDWT | WO| 19500 | 47500 | 83
237 |Solaiman et al, 2001 36748 |Goat (Capra hircus) 30U |GV|] 9 |w]| 7-8 [mo|JV]| F | GRO| BDWT [WO 1.47 80
238 |Ortolani et al, 2003 36759 |Sheep (Ovis aries) 2 U |DR| 35 | d 6 |mo|[JV|M|GRO| BDWT | WO 3.00 | 76
239 |Freundt and Ibrahim, 1990 2640 [Rat (Rattus norvegicus) 2 U |DR| 91 | d| NR [NR|JV]| F | GRO| BDWT [WO 5.78 72
240 |DeGoey et al, 1971 2064 |Pig (Sus scrofa) 2 U |FD| 98 | d | NR [NR|JV| B | GRO| BDWT [WO 746 | 78
241 [DeGoey et al, 1971 2064 |Pig (Sus scrofa) 2 U |FD| 23 | d | NR [NR|JV|NR|MPH| MUSC [ MU 15.5 77
242 |Boyden, 1938 14653 |Rat (Rattus norvegicus ) 5|1 U |FD| 4 w| 28 d |JV| B | GRO| BDWT [ WO 23.5 77
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243 |Rana and Kumar, 1980 2256 |Rat (Rattus norvegicus ) 21 U |[GV|] 20 [ d 90 d |JV|M|GRO|BDWT [WO 39.8 84
244 [Kumar et al, 1987 2186 |Rat (Rattus norvegicus ) 21U |GV| 45 [d| 90 d |JV| M| GRO|BDWT [WO 39.8 84
245 [Llewellyn et al, 1985 2203 |Rat (Rattus norvegicus ) 2| U|[FD| 21 [w| NR |[NR|JV| M | GRO| BDWT |WO 106 71
246 |Fuentealba et al, 2000 36364 |Rat (Rattus norvegicus ) 2|1 U |FD| 12 | w| 21 d |JV| B | GRO| BDWT [ WO 122 76
247 [Haywood, 1985 2121 |Rat (Rattus norvegicus ) 5/ U |FD| 15 | w| NR |NR|JV|M|GRO| BDWT |[WO 274 71
248 [Haywood and Loughran, 1985 2124 |Rat (Rattus norvegicus ) 5|1 U |[FD| 6 w| NR [mo|JV| M [GRO| BDWT | WO 285 77

Survival (MOR)

249 |Bassuny, 1991 2020 |Rabbit (Oryctolagus cuniculus ) 5(U|[FD| 7 |w]| 35 d |JV|[ M |MOR| MORT [WO| 4.25 79
250 |Cromwell et al, 1993 2062 |Pig (Sus scrofa) 2| U |FD| 783 | d | 103 |mo|GE| F [ MOR| MORT | WO| 5.51 70
251 |Allcroft et al, 1961 14387 |Pig (Sus scrofa) 4| M |FD| 4 |w] 810 | w |JV| B [MOR| MORT |WO| 5.60 9.34 | 89
252 |Brandt, 1983 2033 [Mink (Mustela vision ) 3| M |FD| 4 |mo| 90 d | JV|[ M |MOR| MORT [WO| 10.2 19.6 | 89
253 |Jenkins, 1989 48117 |Cattle (Bos taurus ) 5| U|[FD| 6 |w 3 d | JV[ M |MOR| MORT [WO[ 16.3 325 | 77
254 |Boyden, 1938 14653 |Rat (Rattus norvegicus ) 5|1 U [FD w| 28 d |JV|[ B | MOR| MORT [WO| 23.3 350 | 84
255 |Edmonds and Baker, 1986 2075 |Pig (Sus scrofa) 3| U|FD| 28 [ d w [ JV|NR|MOR| MORT | WO| 25.9 79
256 |Hebert, 1993 2126 |Rat (Rattus norvegicus) 6| U |DR| 15 | d 6 w [JV| B | MOR| MORT |WO| 33.3 111 78
257 |Bush et al, 1995 2043 [Mink (Mustela vision ) 3| M|[FD| 132 [d| 10 [ w[JV]| B |MOR| MORT |WO| 334 83
258 |Hebert, 1993 2126 [Mouse (Mus musculus ) 6| U|[DR| 15 [ d 6 w [JV]| F | MOR| MORT |WO| 33.8 101 80
259 |Grobner et al, 1986 2113 |Rabbit (Oryctolagus cuniculus ) 6| M|[FD| 28 [ d| 28 d | JV[NR|MOR| MORT [WO| 45.5 75
260 |Grobner et al, 1986 2113 |Rabbit (Oryctolagus cuniculus ) 6| M|[FD| 28 [ d| 28 d | JV[NR|MOR| MORT [WO| 59.0 75
261 |Keen et al, 1982 11928 |Rat (Rattus norvegicus ) 4|1 U |FD| 7 |w| NR |[NR|JV| F [MOR| MORT |WO| 91.7 183 84
262 |Hebert, 1993 2126 |Rat (Rattus norvegicus ) 6| U|[FD| 13 [w 6 w [JV| B | MOR| MORT |WO| 107 79
263 [Dodds-Smith et al, 1992 440 |Common shrew (Sorex araneus ) 2|1 U |FD| 12 | w| NR [NR|JV| B [MOR| MORT |WO| 229 78
264 [Hebert et al, 1993 2127 |Rat (Rattus norvegicus ) 51 U [DR| 2 w w [JV| M |MOR| MORT | WO| 259 400 79
265 |Hebert, 1993 2126 |[Rat (Rattus norvegicus) 6| U |FD| 15 | d 6 w [JV| B | MOR| MORT |WO| 307 79
266 |Haywood, 1985 2121 [Rat (Rattus norvegicus) 5| U |FD| 2 |w]| NR |[NR|JV|M [MOR| MORT |WO| 457 548 78
267 |Hebert, 1993 2126 [Mouse (Mus musculus ) 6| U |FD| 15 | d 6 w [JV]| B | MOR| MORT |WO| 690 70
268 [Hebert, 1993 2126 |Mouse (Mus musculus ) 6| U|FD| 13 | w 6 w | JV| B | MOR| MORT |WO| 760 79
269 |Hebert et al, 1993 2127 |Rat (Rattus norvegicus ) 6| U|FD| 92 | d 6 w [JV| B | MOR| MORT | WO| 798 78
270 [Hebert et al, 1993 2127 |Mouse (Mus musculus ) 51 U [DR| 2 w 6 w |JV| B | MOR| MORT |WO| 1430 3400 79
271 |Hebert et al, 1993 2127 |Rat (Rattus norvegicus ) 6| U|FD| 15 | d 6 w [JV| M | MOR| MORT | WO| 4160 78
272 [Hebert et al, 1993 2127 |Mouse (Mus musculus ) 6| U |FD| 15 d 6 w | JV| B | MOR| MORT | WO| 47500 78
273 [Hebert et al, 1993 2127 |Mouse (Mus musculus ) 6| U |FD| 92 d 6 w |JV| B | MOR| MORT | WO| 48300 78
274 |Gopinath et al, 1974 36202 |Sheep (Ovis aries) 2| U |[DR| 10 | w 6 mo|JV| F | MOR| MORT | WO 5.09 77
275 [Ishmael et al, 1971 2155 |Sheep (Ovis aries) 2| U |OR| 31 d 6 mo|JV| F | MOR| MORT | WO 7.57 75
276 |Ritchie et al, 1963 14402 |Pig (Sus scrofa ) 2( U |FD| 15 | w 7 w [ JV|NR| MOR| MORT | WO 8.08 | 78
277 |DeGoey et al, 1971 2064 |Pig (Sus scrofa) 2 U |FD| 23 | d | NR [NR|JV|NR|MOR| MORT [ WO 15.5 78
278 [McNatt et al, 1971 2216 |Rat (Rattus norvegicus ) 2 U |DR| 3 w | 4-11 [mo|JV | M [ MOR| MORT | WO 114 68
AATT = alanine aminotransferase; AD = adult; AHDX = aniline hydroxylase; ASAT = aspartate aminotransferase; B = both; BDWT = body weight changes; BEH = behavior; B]
= bile; BIO = biochemical; BL = blood; BLPR = blood pressure; BR = brain; bw = body weight; CALC = calcium; CHM = chemical changes; CTYP = percent cell type; d = day;
DIFD = digestibility of food; DR = Drinking water; DT - digestive tract; ENZ = enyzme level changes; F = female; FCNS = food consumption; FD = food; FDB = feeding
behavior; FDCV = food conversion efficiency; FDNG = feeding behavior; FFTA = fatty acids, free; FO = foot; G6PD = glucose-6-phosphate dehydrogenase; GBCM = general
biochemical changes; GE = gestation; GENZ = general enzyme changes; GGTR = (gamma) Y-glutamyltransferase; GHIS = general histology; GHRM = general hormone; GITX
= general intoxication; GLPX = glutathione peroxidase; GLTH = glutathione; GLUC = glucose; GLYC = glycogen; GPHY = general pysiology changes; GRO = growth; GRS =
gross body weight changes; GT = gastrointestinal tract; GV = gavage; HA = hair; HE = heart; HIS = histological changes; HMGL = hemoglobin; HRM = hormone changes;
HYPL = hyperplasia; IN = intestinal tract; IRRI = skin irritation; ITX = intoxication; JV = juvenile; kg = kilograms; KI = kidney; LC = lactation; LD = lipid; LI = liver;

LOAEL = lowest observed adverse effect level; mg = milligrams; mo = months; M = male; M = measured; MK = milk, lactating females; MOR = effects on mortality and
survival; MORT = mortality; MPH = morphology; MT = multiple; MU = muscle; MUSC = muscle changes; NACO = sodium; NOAEL = No Observed Advese Effect Level;
NCRO = necrosis; NR = Not reported; NMVM = number of movements; OR = other oral; ORW = organ weight changes; ORWT = organ weight changes; PCLV = packed cell
volume; PHY = physiology; PL = plasma; PROG = progeny numbers/counts; PRTL = protein, total; PRWT = progeny weight; PTH = pathology; RBCE = red blood cell count;
REP = reproduction; RSUC = sperm cell counts; SH = stomach; SK = skin; SM = sexually mature; SMIX = weight relative to body weight; SP = spleen; SPCL = sperm cell
counts; SR = serum; SURV = survival; TE = testes; TEWT = testes weight; TS = thymus; TWBC = white blood cell count, total; U = unmeasured; UR = urine; USTR =
ultrastructural changes; VTMA = vitamin A; w = weeks; WCON = water consumption; WO = whole organism; yr = year.

*NOAEL and LOAEL values that are equal and from the same reference represent different experimental designs.
These are designated with different Phase numbers in Appendix 6.1.
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Within the reviewed papers there are 278 results for biochemical (BIO), behavior (BEH),
physiology (PHY), pathology (PTH), reproduction (REP), growth (GRO), and survival (MOR)
endpoints with a total Data Evaluation Score >65 that were used to derive the TRV (U.S. EPA
2003; Attachment 4-4). These data are plotted in Figure 6.1 and correspond directly with the data
presented in Table 6.1. The NOAEL results for growth and reproduction are used to calculate a
geometric mean NOAEL. This geometric mean is examined in relationship to the lowest bounded
LOAEL for reproduction, growth, and survival to derive the TRV according to the Eco-SSL
guidance (U.S. EPA 2003; Attachment 4-5).

A geometric mean of the NOAEL values for reproduction and growth was calculated at 25 mg
copper/kg bw/day. However, this value is higher than the lowest bounded LOAEL for
reproduction, growth, or mortality results. Therefore, the TRV is equal to the highest bounded
NOAEL below the lowest bounded LOAEL for reproduction, growth, or survival, and is equal to
5.60 mg copper/kg bw/day.

6.2 Estimation of Dose and Calculation of the Eco-SSL

Three separate Eco-SSL values were calculated for mammalian wildlife, one for each of three
surrogate receptor groups representing different trophic levels. The mammalian Eco-SSLs
derived for copper were calculated according to the Eco-SSL guidance (U.S. EPA, 2003;
Attachment 4-5) and are summarized in Table 6.2.

Table 6.2 Calculation of the Mammalian Eco-SSLs for Copper

Concentration of

TRV for Food Ingestion Soil Ingestion as | Copper in Biota Type

2 -
Surrogate Receptor Copper Rate (FIR) ot i = Eco-SSL \
Group (mg dw/kg (kg dw/kg . 2 (mg/kg dw)
bw/d) ! bw/d) ) (B)
(mg/kg dw)
= *
Mammalian In(B;) =0.394

5.60 0.0875 0.032 In(Soil;) + 0.688 1100

herbivore (vole) where i = plants

. = * ..
Mammalian ground 560 0.209 0.030 B;=0.515 * Soil,

. . - 49
insectivore (shrew) where 1 = earthworms

In(B,) = 0.1444 *
5.60 0.130 0.043 In(Soil}) + 2.042 560
where 1 = mammals

Mammalian
carnivore (weasel)

! The process for derivation of wildlife TRV is described in Attachment 4-5 of U.S. EPA (2003).

? Parameters (FIR, P, B; values, regressions) are provided in U.S. EPA (2003) Attachment 4-1 (revised February 2005).
? B, = Concentration in biota type (i) which represents 100% of the diet for the respective receptor.

*HQ = [FIR * (Soil;* P, + B;)] / TRV) solved for HQ=1 where Soil, = Eco-SSL (Equation 4-2; U.S. EPA, 2003).
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Figure 6.1 Mammalian TRV Derivation for Copper
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Wildlife TRV Derivation Process Data Evaluation Score

1) There are at least three results available for two test species within the growth, reproduction, and mortality effect groups.
There are enough data to derive a TRV.
2) There are three NOAEL results available within the growth and reproduction effect groups for calculation of a geometric mean.

3) The geometric mean is equal to 25.0 mg copper/kg bw/d and is higher than the lowest bounded LOAEL for results within the reproduction, growth, and survival (MOR) effect groups.
4) The mammalian wildlife TRV for copper is equal to 5.60 mg copper/kg bw/day which is the highest NOAEL value lower than the lowest LOAEL value for reproduction and growth.
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A. 1996. excess dietary copper triggers enlargement of the proventriculus in broilers. J. Appl. Poult. Res. 5(3):
219-230. RefID: 2325

Wilson, J. L., Tugwell, R. L., and Wilson, C. C. 1975. the effects of karmex and copper sulfate on chicks.
Tennessee Farm and Home Science.(July/September): 3. RefID: 2329
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Wood, E. C. and Worden A. N. 1973. the influence of dietary copper concentration on hepatic copper in the ducking
and the chick. J. Sci. Food Agric. 24: 167-174. RefID: 36216

Yannakopoulos, A. L., Tserveni-Gousi, A. S., and Zervas, G. 1990. effect of dietary copper sulfate on the
performance of growing japanese Quail. J Agric Sci. 115(2): 291-293. RefID: 2333

Zacharias, B., Ott, Helga, and Drochner, W. 2003. the influence of dietary microbial phytase and copper on copper
status in growing pigs. Animal Feed Science and Technology. 106(1-4): 139-148. RefID: 36756

Zhang, S. S. Z., Noordin, M. M. *., Rahman S-OA, and Haron, M. J. 2000. effects of copper overload on hepatic

lipid peroxidation and antioxidant defense in rats.  Veterinary and Human Toxicology [Vet. Hum. Toxicol.]. Vol. 42,
No. 5, Pp. 261-264. Oct 2000. RefID: 36355

7.5 References Rejected for Use in Derivation of Wildlife TRV

These references were reviewed and rejected for use in derivation of the Eco-SSL. The definition
of the codes describing the basis for rejection is provided at the end of the reference sections.

Unrel addition of calcium ions for enhancing the safety of metal-ligand chelates as magnetic resonance
imaging agents and x-ray contrast agents. PCT Int. Appl. 10 pp.

Diss adriamycin cardiotoxicity and essential trace metal homeostasis in the in vivo rat heart (doxorubicin,
cardiomyopathy, manganese, iron). 901491 ORDER NO: AADS85-26534

Not Avail amino acid metal complexes using hydrolyzed protein as the amino acid source and methods re
same. U.S. 11 pp.

Unrel animal care system and litter with reduced malodor. PCT Int. Appl. 76 pp.

Unrel 1976. annual report of studies in animal nutrition and allied sciences.volume 32.  Rowett Research
Institute : 125pp.

Abstract 1973. annual report of the secretary for agricultural technical services forthe period 1 july 1971 to 30
june 1972.  Department of Agricultural Technical Services, South Africa : 270pp.

Nut def 1985.4nnual Report of the West of Scotland Agricultural College : 92-95.

Drug antioxidative biophylactic agents for radiation damage protection and therapy. PCT Int. Appl. 40
pp.

Unrel antiviral, antibacterial, antifungal agents containing polysaccharide antimicrobial metal salts and

their compositions. Jpn. Kokai Tokkyo Koho : 7 pp.

Mix aqueous feed additive comprising lactic acid, organic acid and chelated trace elements. PCT Int.
Appl. 15 pp.
Diss arsenic: an analytical procedure to determine its total content in biological samples and signs of its

deprivation in rats and chicks. 788794 ORDER NO: AAD82-20750

Diss the biochemistry of transition metals: copper, vanadium, and iron. 738101 ORDER NO: AADS81-
03507
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FL

Diss

Not Avail

Diss

Diss

Nut def

Diss

Diss

Diss

Diss

Diss

Diss

Diss

Diss

Diss

Diss

Diss

Diss

birds and fowls fodder additive prescription and its prepn. Faming Zhuanli Shenqing Gongkai
Shuomingshu : 10 pp.

1985. a case of copper poisoning in calves. TIJDSCHR DIERGENEESKD. 10(10): 405-406.
characterization, fate and environmental risk assessment of microbial, elemental and toxic
components of fractionated broiler litter during storage and reutilization. 07295605 ORDER NO:
AAD93-16361

1969.Contemporary Agriculture, Volume 16, Number 4, 1968. SFCSI-AGR(TT-68-50058/4)

content and evolution of cadmium, cobalt, chromium, copper, nickel, lead, and zinc in soils of 'horta
and ribera baixa regions (valencia) (spain) original title: contenido y evolucion de cadmio, cobalto,
cromo, cobre, niquel, plomo, cinc en suelos de las comarcas de 1'horta y la baixa (valencia).

01269400 ORDER NO: NOT AVAILABLE FROM UNIVERSITY MICROFILMS INT'L.

copper absorption from the small intestine of the chicken (gallus domesticus) (metallothionein,
estrogen). 845064 ORDER NO: AAD84-12711

1983. copper deficiency and developmental emphysema. Nutrition Reviews 41(10): 318-20.

crystallographic studies of transport proteins and ligands (thiobacillus ferrooxidans, didelphins
virginiana, multiplewavelength anomalous dispersion). 01695894 ORDER NO: AAD99-23629

development of a cloning system for gene expression in pasteurella multocidal. 01295811 ORDER
NO: AAD93-16820

diabetes teratogenicity: role of altered mineral metabolism. 1070710 ORDER NO: AAD89-10542

ecology and toxicology of arsenic in contaminated grassland. 099666/ ORDER NO: NOT
AVAILABLE FROM UNIVERSITY MICROFILMS INT'L.

ecophysiology of the common cockle (cerastoderma edule 1.) in southampton water, with particular
reference to pollution (england). 1092481 ORDER NO: AADDX-87466

the effect of chromium depletion and streptozotocin-induced diabetes in pregnancy. 01593456
ORDER NO: AAD97-30469

the effect of zinc deficiency on immune function. 01173644 ORDER NO: AAD91-18419
effects of cellulase from trichoderma viride on wheat bran utilization and

the minerals influenced by cell wall components in broiler diets|. 858634 ORDER NO: AAD84-
21622

effects of dietary fatty acids, polyunsaturated/saturated ratios, and fat levels on growth and mineral
deposition in young male rats (fatty acids). 07156306 ORDER NO: AAD91-05922

effects of dietary glycine and copper on metabolic symptoms induced by a methionine toxicity in the
chick. 774569 ORDER NO: AAD82-07283

the effects of dietary sodium zeolite a on growth and mineral utilization of chickens. 01295923
ORDER NO: AAD93-17007

elastin metabolism in avian lung and aorta: effects of selected nutritional factors. 771828 ORDER
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Diss

Diss

Diss
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Nut def

Diss

Diss

Diss

Unrel

Diss

Diss

FL

NO: AAD82-05013
electrolyte feed supplement for poultry hatchlings. U.S.S.R. From. Izobreteniya 1992 (7): 14.

etiology and physiology of chemical-induced tibial dyschondroplasia in broiler chickens|.
01124219 ORDER NO: AADY0-27533

etude de I'evolution des systemes antioxydants au cours du developpement de I'insuffisance
cardiaque experimentale chez le rat original title: study of antioxidant systems during the
development of experimental cardiac failure in rat (mrna, ischemia, superoxide dismutase,
manganese, copper-zinc). 01476944 ORDER NO: AADAA-IC484409

an examination of the development and maintenance of the deafferented olfactory cortex. 1053096
ORDER NO: AAD82-12323

experimental copper deficiency in the golden hamster and in healthy adult men. 800202 ORDER
NO: AAD83-01960

expression of antioxidant enzymes in copper deficient rat brain, heart, and liver. 07452581
ORDER NO: AADAA-19543281

factors affecting copper utilization (bioavailability). 01409018 ORDER NO: AADAA-19512287

factors affecting the toxicity and metabolism of organic arsenicals (roxarsone, copper, cysteine).
1003496 ORDER NO: AAD85-02122

functional assessment of manganese status (superoxide dismutase, biliary excretion). 01447018
ORDER NO: AADAA-19527297

glucaric acid-containing formula and method for the prevention and treatment of
hypercholesterolemia and cellular hyperproliferative disorders. PCT Int. Appl. 45 pp.

1978. grasslands and animal health. nutritional disorders in cattle andsheep. Annotated
Bibliography, Commonwealth Bureau of Animal Health (No.V22)

heavy metal toxicity and nutrient depletion in upper bear creek reservoir. 01229302 ORDER NO:
AADI13-46169

hepatic effects of combined heavy metal administration in the pekin duck (anas platyrynchos)
(methylmercury, lead, cadmium)|. 01347768 ORDER NO: AADNN-65241

the influence of environmental, nutritional, and management factors on feathering and incidence of
dermatitis of broiler chickens. 699794 ORDER NO: AAD80-26067

1983. [information from the soviet toxicology center]. Gig Tr Prof Zabol.(2): 52-3.

interactions among zinc, copper, iron, manganese, and ascorbic acid in the japanese quail (dietary
supplements, toxicity, perosis, trace elements, anemia). 887582 ORDER NO: AAD85-14498

investigation of dietary zinc and linoleic acid interactions in the sprague-dawley rat (rat). 1076906
ORDER NO: AADS89-21281

1968.Journal for Scientific Agricultural Research, Volume 21, Number 73, 1968. SFCSI-AGR(TT-
68-50057/2)
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Nutr
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Gene

Rev

Diss
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Unrel

No Org

Diss
Diss

Method

Nutr

Diss

Unrel

1972 .Journal for Scientific Agricultural Research. Volume 24, Number 88, 1971

metabolism of zinc, iron, copper and manganese of men and rats as affected by dietary protein,
calcium and phosphorus. 799169 ORDER NO: AAD82-24068

metal propionates for use as animal feed supplements. U.S. 6 pp. Cont.-in-part of U.S. Ser. No.
315,557, abandoned..

metal salt-containing developing system and a method of using the developing system for detection
of carboxylic acids, especially free fatty acids indicative of helminth infestation. PCT Int. Appl.

50 pp.

metallic complexes of streptogramin-b, their preparation and their use in animal food. Eur. Pat.
Appl. 12 pp.

method of increasing amino acids content in grains of cereals and legumes by treatment with
ammonia or urea. Czech. 5 pp.

method to accelerate the color forming reaction between an enzyme and an indolyl derivative by
adding a free radical and/or chelate to the reaction medium and its application for immunoassays and
immunochromatography. Ger. Offen. 16 pp.

methods for generating doubled haploid plants from microspores. PCT Int. Appl. 43 pp.

1968. more clues in the cadmium and zinc puzzle. Food Cosmet. Toxicol. 6(4): 523-527.

nutrient availability of wheat feed screenings in broiler diet (chicken). 808758 ORDER NO: NOT
AVAILABLE FROM UNIVERSITY MICROFILMS INT'L.

the occurrence and toxicology of heavy metals in chesapeake bay waterfowl (duck, clangula,
melanitta, hyemalis, deglandi, anas, platyrhynchos, rubripes, strepera, maryland, virginia) . 856378

ORDER NO: AADS83-12307

preparation of a fruit nutrient "zengguosu" which can increase fruit production. Faming Zhuanli
Shenqing Gongkai Shuomingshu : 4 pp.

preparation of biologic inorganic composite feed additive for animals and fowls. Faming Zhuanli
Shenging Gongkai Shuomingshu : 48 pp.

role of copper in the phenotypic expression of scoliosis. 849880 ORDER NO: AAD84-16905
skeletal development and performance of broilers. 1080439 ORDER NO: AAD89-24144

somatotropin-transition metal complexes as animal growth stimulants and a method for their
preparation. Eur. Pat. Appl. 10 pp. C.

therapeutic diet for dogs with lymphoma. PCT Int. Appl. 25 pp.

therapeutic management of avian lead intoxication (columba livia). 071400165 ORDER NO:
AADY5-05799

1987. toxicology and biochemistry of acaricides. <document title>report 1984-86, division of
tropical animal sciences,csiro.  25-31.
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Nutr trace element deficiencies and fertility in ruminants: a review.| au-.  62(8): 1195-1206.

Nutr trace element supplement for chicks. U.S.S.R. From: Otkrytiya lzobret. 1987, (39): 13.

Fungus tracking-resistant electrically insulating polymer compositions for outdoors with good resistance to
moss and fungi and high-voltage outdoor electric machineries therefrom. Jpn. Kokai Tokkyo Koho :
6 pp..

Drug treatment of septic shock with transition metal complexes. PCT Int. Appl. 13 pp.

Unrel use of hyaluronic acid derivatives in the preparation of biomaterials with a physical hemostatic and

plugging activity and a preventive activity in the formation of adhesions following anastomosis.
PCT Int. Appl. 60 pp.

Diss zinc and calcium effects on nickel dermatitis in the guinea pig. 0961875 ORDER NO: AADS87-
17748

Rev Aaseth, J. and Norseth, T. 1986. copper.

Gene Abad, F. X., Pinto, R. M., Diez, J. M., and Bosch A(A). 1994. disinfection of human enteric viruses

in water by copper and silver in combination with low levels of chlorine.  Applied and
Environmental Microbiology 60(7): 2377-2383.

FL Abd El-Fadil Ibrahim Hassan, H. 1988.Influence of the Heavy Metals Lead, Cadmium, Zinc,
Manganese, Copper, Mercury and Beryllium on the Glutathione S-Transferases in the Rat Liver.
<Original> Einfluss Der Schwermetalle Pb, Cd, Zn, Mn, Cu, Hg Und Be Blei, Cadmium, Zink,
Mangan, Kupfer, Quecksilber Und Beryllium Auf Die Glutathion-S-Transferasen Der Rattenleber

Diss Abd-El-Moula, E. A. 1994 .Effect of Different Copper Sulfate Supplementation on Some
Physiological Traits of Rabbits

No Oral Abd-El-Samee, A. M. and El-Masry, K. A. 1997. effect of varying copper levels or selenium with
vitamin e supplementation on growth and reproductive performances of new zealand white rabbits
under subtropical conditions. Egyptian Poultry Science Journal. 17(1): 133-149.

Nut def Abdallah, Abdou G., Harms, R. H., Wilson, H. R., and El-Husseiny, O. effect of removing trace
minerals from the diet of hens laying eggs with heavy or light shell weight. Poult. Sci. (1994)
73(2): 295-301

Surv Abdel-Ghaffar, A. E., Abou-Salem, M. E., and Ashoub, M. M. 1994. relationship between
environmental pollution and incidence of repeat breeder in buffalo cows. Annals of Agricultural
Science, Moshtohor. 32(3): 1715-1726.

Unrel Abdel-Mageed, A. B. and Oehme, F. W. 1990. a review of the biochemical roles toxicity and
interactions of zinc copper and iron iii. iron. Vet Hum Toxicol. 32(4): 324-328.

Phys Abdel-Rahim, A. G. 1980. dietary factors affecting selenium utilization by animals. ~ 169pp.

Surv Abdel Rahim, A. G., Arthur, J. R., and Mills, C. F. 1986. effects of dietary copper, cadmium, iron,
molybdenum and manganese on selenium utilization by the rat. J Nutr. 116(3): 403-11.

No COC Abdelrahim, A. I. Wensign T. and Schotman A. J. H. 1986. distribution of iron and copper in the
liver and spleen of veal calves in relation to the concentration of iron in the diet. ~ Res. Vet. Sci.
40: 1009.
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No Oral
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Bio Acc

No Dose

No Oral

Abstract

Abstract

Abdelrahman, M. M. and Kincaid, R. L. 1993. deposition of copper, manganese, zinc and selenium
in bovine fetal tissue. FASEB Journal 7(3-4): A306.

Abdelrahman, M. M. and Kincaid, R. L. 1993. deposition of copper, manganese, zinc, and selenium
in bovine fetaltissue at different stages of gestation. Journal of Dairy Science 7T6(11): 3588-3598.

Abe, H., Urakabe, S., Sugita, M., Shichiri, M., and Suematsu, T. 1973. environmental pollution and
health problems: pathophysiology: interpretation of physical disorders induced by heavy metals.
Jap. J. Clin. Med. 31(6): 2017-2026.

Abe Reishi, Shimosegawa Tooru(A), Moriizumi Shigeki, Kikuchi Yoshifumi, Kimura Kenji, Satoh
Akihiko, Koizumi Masaru, and Toyota Takayoshi. 1995. lipopolysaccharide induces manganese
superoxide dismutase in the rat pancreas: its role in caerulein pancreatitis. Biochemical and
Biophysical Research Communications 217(3): 1216-1222.

Abo-El-Ezz, Z. R., Salem, M. H., Hassan, G. A., El-Komy, A., and Abd-El-Moula, E. 1996. effect
of different levels of copper sulfate supplementation on some physical traits of rabbits. Egyptian
Poultry Science Journal. 16(1): 11-29.

Achard, M., Baudrimont, M., Boudou, A., and Bourdineaud, J. P. *. 2004. induction of a
multixenobiotic resistance protein (mxr) in the asiatic clam corbicula fluminea after heavy metals
exposure. Aquatic Toxicology [Aquat. Toxicol.]. Vol. 67, No. 4, Pp. 347-357. 12 May 2004.

Ackerman, D. J., Reinecke, A. J., Els, H. J., Grobler, D. G., and Reinecke, S. A. 1999. sperm
abnormalities associated with high copper levels in impala (aepyceros melampus) in the kruger
national park, south africa. Ecotoxicology and Environmental Safety. 43(3): 261-266.

Acuna-Castillo Claudio, Morales Bernardo, and Huidobro-Toro, J. Pablo(A). 2000. zinc and copper
modulate differentially the p2x4 receptor. Journal of Neurochemistry. 74(4): 1529-1537.

Adachi, Shuichi, Takemoto, Kazuo, Hirouse, Toshiko, and Hosogai, Yuutaro. spontaneous and 2-
nitropropane induced levels of 8-hydroxy-2'- deoxyguanosine in liver dna of rats fed iron-deficient
or manganese- and copper-deficient diets. Carcinogenesis (London) (1993) 14(2): 265-8

Adam, J. and Pinta, M. 1982. comparative pathology studied by atomic absorption
spectrophotometry.ii. tibial dyschondroplasia. Bulletin De L'Academie Veterinaire De France
55(1): 67-70.

Adam, J. and Pinta, M. 1986. tibial dyschondroplasia of broilers. syndrome of s-shaped tibias.
Bulletin Mensuel De La Societe Veterinaire Pratique De France 7T0(7): 425-428.

Adam, J., Pinta, M., and Viel, M. 1981. hyaena disease in cattle and nickel deficiency. Bulletin
De L'Academie Veterinaire De France 54(3): 329-335.

Adamis, Z., Tatrai, E., Honma, K., Karpati, J., and Ungvary, G. 1997. a study on lung toxicity of
respirable hard metal dusts in rats. Ann. Occup. Hyg. (1997) 41(5): 515-526.

Adamson, A. H., Valks, D. A., Appleton, M. A., and Shaw, W. B. 1969. copper toxicity in housed
lambs. Vet. Rec. 85(13): 368-369.

<Additional> Abplanalp, H., Lowry, D., Ali, N. M., Krueger, W. F., Fanguy, R. C., Bradley, J. W.,
Andrews, L. D., Morrow, D., Becker, W. A., Spencer, J. V., Verstrate, J. A., Mirosh, L. W., Bernier,
P. E., Arscott, G. H., Dorminey, R. W., Alaiya, Y. A., Fatokun, G. O., Parker, J. E., Birrenkott, G.
P., McGibbon, W. H., Burke, W. H., Wentworth, B. C., Briggs, D. M., Williams, C. M., Briles, W.

Eco-SSL for Copper 72 February 2007



CP

Plant

Mineral

FL

Rev

Unrel

Not Avail

FL
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E., Schelling, E. P., Brown, K. L., Bacon, W. L., Nestor, K. E., Musser, M. A., Long, D. W., Buss, E.
G., Carson, J. R., Berry, J., Adams, R. L., Choudhury, H., Srivastava, L., Murthy, L., Petering, H.,
Christensen, V. L., Johnston, N. P., Classen, H. L., Smyth, J. R. Jr. , Coleman, M. A., McDaniel, G.
R., Neely, W. C., Ivey, W. D., Coleman, T. H., Ringer, R. K., Chang, T. S., Dodson, D. L.,
Crawford, R. D., Doerr, D. C., Law, G. R. J., Quarles, C. L., Edens, F. W., Benton, E., Morgan, G.
W., Bursian, S. J., Thaxton, P., Enos, H. L., Monsi, A., Moreng, R. E., Garwood, V. A., Lowe, P.
C., Gavora, J. S., Gleaves, E. Q., Mather, F. B., Ahmad, M. M., Goldrosen, A., Buckland, R. B.,
Gyles, N. R., Test, P., and Patterson, L. T. 1975. abstracts of papers presented at the 64th annual
meeting of the poultryscience association, inc.  Poultry Science 54(5): 1724-1831.

<Additional> Foley, P., Linkswiler, H., Kim, Y, Wolinsky, 1., Guggenheim, K., Simkin, A., Brown,
E. D., Howard, M. P., Smith, J. C. Jr., Rayton, J. K., Harris, E. D., O'Neal, R. M., Abrahams, O. G.,
Paulsen, D. S., Lorah, E. J., Eklund, D. L., Dowdy, R. P., Anderson, R. A., Brantner, J. H., Polansky,
M. M., Anderson, R. A., Liu, V. J. K., Nordstrom, J., Kohrs, M. B., Lorah, E., Dowdy, R., Nielsen,
F. H., Uthus, E. O., Coupain, J. G., Beecher, G. R., Robbins, B., Carlisle, E. M., Tripp, M. J., Black,
R. S., Christman, D., Whanger, P. D., Porta, E. A., Ching, B. K. F., Joun, N. S, Freeland, J. H.,
Ebangit, M. L., Bodzy, P. W., Vaughan, L. A., Weber, C. W., Kemberling, S. R., Miller, J.,
O'Hanlon, P., Eklund, D., Johnson, P. E., Evans, G. W., Martin, P. G., Kuemmerle, N. B., King, J.
F., Chen, N., Johnson, R. J., Dyer, I. A., Nichols, B. L., Soriano, H. A., Kimzey, S., Mizrahi, L.,
Hazlewood, C. F., Schwartz, R., Spencer, H., Wentworth, R. A., Greger, J. L., Bennett, O. A.,
Abernathy, R. P., Kramer, L., Lesniak, M., Osis, D., Norris, C., Johnson, H. L., Consolazio, C. F.,
Schnakenberg, D. D., Ghumman, M., Schwenneker, B. W., Buck, D. R., Mahoney, A. W.,
Hendricks, D. G., Johnson, R. M., Chang, Y. O., Pan, M. J. F., Varnell, T. R., Sifri, M., Kratzer, F.
H., Norris, L. C., Garlich, J. D., Edens, F. W., Parkhurst, C. R., Garg, R. C., Powanda, M. C.,
Powers, J. D., and Powers, T. E. 1977. federation of american societies for experimental biology;
61st annualmeeting, chicago, illinois april 1 - 8, 1977. minerals. Federation Proceedings 36(3):
1122-1125, 1130-1131.

<Additional> Tiller, K., Chamel, A., Gambonnet, B., Garcia, G., L'Annunziata, M. F., Ortega, M. L.,
Alvarado, R., D'Souza, T. J., Mistry, K. B., and Gissel-Nielsen, G. 1979. micronutrients.
<document title>international atomic energy agency: isotopes andradiation in research on soil-plant
relationships.  International Atomic Energy Agency : 359-434.

Adeola, O. 1995. digestive utilization of minerals by weanling pigs fed copper- andphytase-
supplemented diets. Canadian Journal of Animal Science 75(4): 603-610.

Admina, L. 1983. trace element requirements of young pigs. Svinovodstvo.(4): 28-29.

Agarwal, K. Sharma A. and Talukder G. 1989. effects of copper on mammalian cell components.
Chem.- Biol. Interact. 69(1): 1-16.

Agarwala, O. N., Mehra, U. R., and Pachauri, V. C. 1985. plasma cholesterol and yellowing of
wool in chokla sheep. Indian Vet J. 62(2): 182-183.

Agunbiade, J. A. and Babatunde, G. M. 1995. copper and iron supplementation in the tropical
environment - effects on haematological measurements, organ weights, tissue copper and iron levels
in layers.  Nigerian Journal of Animal Production. 22(1/2): 49-55.

Agunbiade, S. O. and Longe, O. G. african yam bean hull chemical composition and its effects on
rat 's mineral retention, serum biochemical components and enzymic activities. Nahrung (1998)
42(2): 89-93.

Ahmad, S., Duval, D. L., Weinhold, L. C., and Pardini, R. S. cabbage looper antioxidant enzymes
tissue specificity.. Insect Biochemistry. 21 (5). 1991. 563-572.
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Al-Awadi, F. M., Khan, 1., Dashti, H. M., and Srikumar, T. S. colitis-induced changes in the level of
trace elements in rat colon and other tissues. Ann. Nutr. Metab. (1998) 42(5): 304-310

Al-Bader, A. A., Mathew, T. C., Abul, H., Al-Mosawi, M., Dashti, H. M., Kumar, D., and Singal, P.
K. thioacetamide-induced changes in trace elements and kidney damage. J. Trace Elem. Exp. Med.
(1999) 12(1): 1-14.

Al-Bader A(A), Mathew, T. C., Khoursheed, M., Asfar, S., Al-Sayer, H., and Dashti, H. M. 2000.
thioacetamide toxicity and the spleen: histological and biochemical analysis. Anatomia Histologia
Embryologia 29(1): 3-8.

Al-Zubaidy, S. S. and Sullivan, T. W. antibiotics probiotics and high level copper in turkey diets.
Poultry Science. 56 (5). 1977 1692-1693

Albers, P. H. and Camardese, M. B. effects of acidification on metal accumulation by aquatic plants
and invertebrates: 1. constructed wetlands. ENVIRON TOXICOL CHEM; 12 (6). 1993. 959-967.

Albers, Peter H. and Camardese, Michael B. effects of acidification on metal accumulation by
aquatic plants and invertebrates. 2. wetlands, ponds, and small lakes. Environ. Toxicol. Chem.
(1993) 12(6): 969-76 .

Alcain, F. J., Low, H., and Crane, F. L. iron at the cell surface controls both dna synthesis and
plasma membrane redox system. Protoplasma (1995) 184(1-4): 233-7.

Alekseev, V. 1. 1982. trace elements in blood of sheep fed differently. <document title>voprosy
geografii i okhrany prirody severnogokazakhstana.  113-116.

Aleksiev, A. D., Kr"steva, E., and Aleksieva-Drbokhlavova, D. 1986. study on the interaction of
vitamin a and cobalt in feeding broilerchickens. Zhivotnov"Dni Nauki 23(6): 84-89.

Aleksiev, A. D., Kr"Steva, E., and Aleksieva-Drboklavova, D. a study on interaction of vitamin a
with cobalt on feeding broiler chickens. Zhivotnov'Dni Nauki. 23 (6). 1986. 84-89.

Aletor, V. A. and Egberongbe, O. 1992. feeding different processed soya bean. 2. an assessment
ofhaematological responses in the chicken. Nahrung 36(4): 364-369.

Alimbekov, S. S. 1984. utilization of dietary protein by sheep. Zhivotnovodstvo (12): 38-39.

Allain, P., Krari, N., Chaleil, D., Balanant, Y., Bled, F., and Girault, M. the distribution of elements
in the tissues of watanabe heritable hyperlipidemic rabbits. Biol. Trace Elem. Res. (1989) 19(3):
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